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N amed for mythological gods and
American heroes, America•s
Intercontinental Ballistic Missiles
(ICBMs) have played a critical role
in the nation•s defense strategy

while helping to lay the foundation for the explo-
ration of space.

America•s interest in and experimentation with
ICBMs actually dates back more than 50 years, to
the dark days of World War II and the initial reports
that the Germans had fired a •V-2Ž ballistic missile.
Those V-2s were relatively inaccurate, with a range
of 200 to 300 miles and a TNT warhead of approxi-
mately one ton. The Germans reportedly produced
approximately 6,000 of the V-2s during 1944 and
1945, firing more than 3,500 of them against the
Allies.

The end of the war was followed by significant
levels of technical assessment involving captured V-
2 (and V-1) hardware and technology. By early 1946,
more than two dozen separate missile projects had
been undertaken by the Army Air Force (AAF)
focusing on the captured V-1s and V-2s.

April 1946 saw the start of project MX-774,
designed to study rocket and missile capabilities that

might be applied toward ICBM development. The
MX-774 contract was with Consolidated-Vultee
(later to become Convair/Convair Division of
General Dynamics). Although the MX-774 project
was cancelled in June 1947, contractor-funded work
continued at a lower level, and three of the early test
missiles were fired late in 1948.

By 1951, a new project, designated Project MX-
1593, was evaluating the advantages of rockets versus
glide missiles. Based in part on the earlier MX-774
work, the ballistic approach was selected for concen-
tration in September of that year with the code name
•AtlasŽ assigned to the newly re-focused effort.

ATLAS
Component development activities started in

1952, focusing on a 5,500-nautical-mile ICBM sys-
tem that would be capable of carrying a nuclear pay-
load. Early interest in accelerating the Atlas program
helped stimulate the formal 1954 establishment of
the Western Development Division (WDD) and
assigning the new organization responsibility for the
development program for Atlas (formally designat-
ed as Weapon System (WS)-107A-1).
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Opposite: The Bumper V-2 was the first missile launched at Cape Canaveral on July 24, 1950. America•s
initial interest in Intercontinental Ballistic Missiles (ICBMs) dates back to World War II and reports that
the Germans had fired a •V-2Ž ballistic missile. Above: The General Dynamics Atlas assembly plant on
Kearny Mesa near San Diego, Calif., is seen in this photo.



The Atlas measured approximately 70 feet in length
and 10 feet in diameter. Prime contractor for the
Strategic Missile (SM)-65 airframe was the Convair
Division of General Dynamics, with the Rocketdyne
Division of North American Aviation providing the
three liquid-propellant engines (two booster engines and
one sustainer engine).

Meanwhile, late in 1956, the Secretary of Defense
directed that the Army transfer part of Camp Cooke,
Calif., to the Air Force. The Army had operated the camp
as a training facility from 1941 to 1945, and again during
the Korean War. However, although the Atlas ICBM
would be tested at Cape Canaveral, Brig. Gen. Bernard
Schriever needed a facility closer to WDD. The first
ICBM squadron was activated at Cooke Air Force Base
in April 1958, with that facility subsequently renamed
Vandenberg Air Force Base.

Prior to the operational arrival of America•s initial
ICBMs, America•s strategic deterrent mission was per-
formed by the Strategic Air Command (SAC). Built on
the foundation of strategic air power demonstrated dur-
ing the latter stages of World War II, SAC•s bomber forces
had compressed both the movement and application of
decisive firepower from days to hours. The arrival of
ICBMs would further compress that action timeline into
minutes.

The ICBMs caused the conversion of SAC•s formerly
existing planning functions to mixed bomber and missile
operations. To facilitate this conversion, the new ballistic
missile force was integrated directly into existing SAC

organizational concepts of divisions, wings, and
squadrons.

While some of the integration was relatively straight-
forward … such as the establishment of SAC•s 1st Missile
Division at Cooke Air Force Base in 1958 … one early
complicating factor involved the availability of missiles
that had to be integrated into bomber operations.
Examples of the latter category included the non-ballis-
tic, air-breathing Snark as well as both GAM-63 and
GAM-77 air-to-surface missiles.

While strategic organizational issues were being
defined and refined, the Air Force used three develop-
mental / test models of Atlas … Atlas A, Atlas B, and Atlas
C … to help refine the program hardware. The first Atlas
test flight, for example, took place in June 1957.
Unfortunately, engine failure at 10,000 feet led to the
destruction of that missile. Another Atlas engine shut
down prematurely during a September test launch with
that missile also destroyed. Finally, on Dec. 17, the third
Atlas was successfully launched, with more successful
limited range Atlas tests on Dec. 17, 1957; Jan. 10, 1958;
Feb. 7, 1958; and Feb. 20, 1958.

Following the steep learning curves on the develop-
mental models, the initial operational Atlas D was placed
on alert at Vandenberg AFB on Oct. 31, 1959. The D
model Atlas was stored horizontally but later E and F
models were stored vertically in underground silos and
raised by elevators for above-ground launch. Many of
these later Atlas models would eventually be retrofit and
used as space-launch vehicles, highlighting the direct
contribution from early ICBM development to the U.S.
exploration of space. Atlas D, for example, served as a
launch vehicle for Project Mercury.

THOR
In May 1955, WDD began evaluating industry pro-

posals for an Intermediate Range Ballistic Missile (IRBM)
in the tactical 1,000-nautical-mile category. Over the next
year, IRBM #1 (Thor) would be assigned to the Air Force
ballistic missile program, while IRBM #2 (Jupiter) would
be designated as an Army development.

Designated as Weapon System (WS)-315A, the single-
stage Thor missile measured approximately 65 feet in
length and more than 8 feet in diameter. The SM-75 air-
frame was built by the Douglas Aircraft Company with
North American Rocketdyne making the single engine. As
with Atlas, the warhead section was made by General
Electric. Together with the Army-developed Jupiter,
Thor•s IRBM classification (range of approximately
1,500 miles), limited Thor•s role to overseas deploy-
ments.

TITAN
Formally designated as Weapon System (WS)-107A-

2, the two-stage Titan I missile was approximately 90 feet
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in length and 10 feet in diameter. In spite of its larger size
and two-stage design, Titan•s range was approximately
the same as Atlas … 5,500 nautical miles.

The Glenn L. Martin Company built the SM-68 air-
frame with the liquid propulsion system for both stages
provided by Aerojet-General (then a part of General Tire
and Rubber Company). Three contractors made the
Titan•s guidance system, with the warhead manufactured
by AVCO Corporation.

Air Force representatives said that the overlapping
Atlas/Titan I programs reflected Titan program origins
as insurance against possible Atlas failures. Although
both systems are generally considered to be first-genera-
tion ICBMs, Titan I was equipped with many of the tech-
nological refinements that were deliberately left out of
Atlas in an effort to accelerate that system•s deployment.

The USAF launched its first test Titan I on Feb. 6,
1959, and in April 1962, the first Strategic Air Command
squadron of nine Titan I missiles was declared opera-
tional. As in the cases of Atlas E (deployed 1960 to 1966)
and Atlas F (deployed 1961 to 1966), Titan I had to be

lifted from the silos to the surface by ele-
vator prior to launching. This configura-
tion was reflected in the eventual change
of the SM-68 missile designation to
HGM-25A to signify its silo-stored, sur-
face-attack, guided missile classification.

Eventually, squadrons of Titan Is
were deployed at five different bases in
the western United States. By 1965, how-
ever, Titan Is were being phased out in
favor of the LGM (silo-launched, surface-
attack, guided missile)- 25C Titan II,
which offered greater range and payload
and was launched from within its silo.

Just as the earlier Atlas design had
been used in the Mercury program, mod-
ified Titan IIs also were used as launch
vehicles in the Gemini space exploration
program. Subsequent members of the
Titan family were also grown into heavy-
lift space boosters.

MINUTEMAN
On Feb. 27 and 28, 1958, even before

the launch of the first Titan I, the Air
Force received Department of Defense
approval and authorized the develop-
ment of its second-generation ICBM: the
SM-80 / LGM-30A •Minuteman I.Ž
Formal development activities began in
September, with the Boeing Airplane
Company selected as the prime contrac-
tor in October.

At a length of 55.9 feet and diameter
of approximately 6 feet (5.5 feet), the

Minuteman I was smaller than either the Atlas or Titan
series. But the most significant difference involved
Minuteman•s propulsion design. Unlike the first-genera-
tion ICBMs, the Minuteman design incorporated solid
propellant rocket engines, allowing the system to be
launched much more quickly than earlier liquid fuel
designs. Due to its size and design, the Minuteman was
optimized for maintenance in and launch from hardened
underground silos where the missiles would remain pro-
tected from an enemy nuclear attack.

SAC•s hardened dispersed launch facilities used for
the Minuteman series normally covered two or three
acres and were located several miles apart from each
other. Each •flightŽ of 10 ICBMs was controlled from a
Launch Control Center (LCC). Buried 50 feet below
ground, the LCCs were designed as blast-resistant, shock-
mounted capsules manned by two missile combat crew
members. The missiles within each flight were situated in
silos measuring approximately 90 feet deep and 12 feet in
diameter, with two equipment rooms located approxi-
mately 30 feet below ground around the silo casing.

A I R FO R C E SPAC E CO M M A N D
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Opposite: A Titan I ICBM is raised from its silo at Vandenberg Air
Force Base, Calif., in August 1961. Above: The first Minuteman III
ICBM is placed in silo H-2 in 1970.



Minuteman I became operational in 1962, with the
first Minuteman missile on alert during the Cuban
Missile Crisis of October. Initial operational capability
(IOC) for Minuteman I was marked in December of that
year with 20 missiles placed on operational alert. The
first full squadron of Minuteman I missiles went on
operational alert at Malmstrom Air Force Base, Mont., at
the end of February 1963.

Minuteman I was actually installed in two sequential
variants. The initial variant, Minuteman IA, reportedly
featured a flaw in its first stage that reduced the
Minuteman I•s specified 6,300-nautical-mile range by
more than 1,000 miles. However, rather than delay the
introduction of this significant addition to the nation•s
deterrent capability, SAC allowed the installation of 150
of the •shorter rangeŽ Minuteman IAs at Malmstrom
AFB. Subsequent missile deployments consisted of the
Minuteman IB, with the first 150 IBs activated at
Ellsworth Air Force Base, S.D., in 1963.

In 1965, SAC began to incorporate a further
improved version of Minuteman, the LGM-30F
Minuteman II, into its inventory. The Minuteman II
looks very similar to its predecessors, utilizing the same
first- and third-stage solid-propellant rockets. However,
a slightly longer second stage provided Minuteman II
with a length of 57.6 feet, which translated to more range
than Minuteman I (8,300 nautical miles versus 6,300 for
Minuteman I). Additional improvements included high-

er payload (the Mk 11C reentry vehicle versus Mk 11
A/B on the Minuteman I), the pre-storage of up to
eight targets in guidance memory, and greater accura-
cy.

The first Minuteman II ICBM unit was activated
at Grand Forks Air Force Base, N.D., in early February
1965. The new system became fully operational at
Grand Forks in October of that year. Eventually, oper-
ational Minuteman I and Minuteman II ICBMs were
dispersed across six Air Force sites in the Central and
Northern Plains states.

In 1966, development started for another series of
system improvements to Minuteman under the des-
ignation of LGM…30G Minuteman III. Production of
the Minuteman III missiles began in 1968. At a length
of 59.9 feet, the Minuteman III features an improved
third stage with increased diameter to match the sec-
ond stage and a new pointed arch shroud covering
the warhead. The new third stage made it possible for
Minuteman III to deliver a larger Mk 12 payload that
includes three independently-targetable reentry vehi-
cles and additional penetration aids to help counter
anti-ballistic missile defenses.

The first Minuteman III missiles replaced
Minuteman Is at Minot Air Force Base, N.D., in June
1970, with the first Minuteman III squadron reaching
operational status by the end of the year.

PEACEKEEPER
Less than a decade later, development work began

on another new generation of ICBMs designated as the
LGM-118A Peacekeeper. Measuring approximately 71
feet in length and 7 feet, 8 inches in diameter, the four-
stage missile was designed to carry up to 10 independ-
ently targetable Mk 21 reentry vehicles.

As originally envisioned at the start of full-scale
development in 1979, the Peacekeeper program would
include the deployment of 200 missiles in a •multiple
protective structure basing mode.Ž The multiple-basing
mode, which was designed at the height of the Cold
War as a way to achieve long-term ICBM survivability,
placed the ICBMs in both fixed silos and in a mobile
rail garrison configuration.

However, both program scope and basing modes
were subsequently scaled back during the 1980s, being
redesigned as a Minuteman silo-basing program. In
January 1984, the Peacekeeper in Minuteman silo-bas-
ing program began the transition from full-scale devel-
opment to production with the goal of 100
Peacekeepers in Minuteman silos.

In November 1985, however, the U.S. Congress
reduced the number of Peacekeepers to be deployed in
silos to no more than 50. Just over one year later, in
December 1986, Initial Operational Capability of 10
Peacekeeper missiles in Minuteman silos was achieved
at F.E. Warren Air Force Base, Wyo. Full Operational
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A Peacekeeper ICBM during a test launch at Vandenberg
Air Force Base, Calif. The Peacekeeper missile is currently
being phased out.



Capability was declared in December 1988 with the
turn over of 50 Peacekeeper missiles to SAC.

As the Cold War wound down at the beginning of the
1990s, the United States• land-based ICBM force consist-
ed of 50 silo-based Peacekeeper missiles, with 10 war-
heads each (initially fielded in 1986), 450 Minuteman II
missiles with one warhead each (initially fielded in
1965), and 500 Minuteman III missiles with three war-
heads each (initially fielded in 1970).

In addition to these standing protectors, other ICBM
concepts had emerged and submerged during the Cold
War. One concept called for the development and field-
ing of a one-warhead •small ICBMŽ system to augment
the existing force. Another had resurfaced the rail-gun
concept through a vision of improving Peacekeeper sur-
vivability by removing the missiles from silos and plac-
ing them on mobile platforms. Both programs, however,
did not survive the Cold War that spawned them.
Moreover, U.S. compliance with the Strategic Arms
Reduction Treaties (START I and START II) led to fur-
ther changes in U.S. ICBM force structure, including
retirement of both Minuteman II and Peacekeeper mis-
siles. Additional treaty-driven reductions dropped the
number of warheads on the remaining Minuteman III
missiles.

MODERNIZING
FOR THE FUTURE

Clearly their job of deterrence is not over yet. As
demonstrated by unfolding world affairs, the 21st centu-
ry has proven to be an extremely dangerous era. The
nation needs deterrent protection … perhaps now more
than ever. And once again, planners are shifting their
gaze to America•s ICBM sentinels.

In recognition of their continuing contribution to
national security, the Air Force has recently undertaken a
•six-plus billion dollarŽ program to sustain and modern-
ize its remaining Minuteman III fleet. The sequential
modernization packages will update and enhance all
aspects of the Minuteman III missile.

In addition, as these pages go to press, the Land
Based Strategic Deterrent Analysis of Alternatives is
looking at the possibilities of employing ICBMs in non-
nuclear response scenarios, equipping the missiles with
conventional warheads to provide the commander-in-
chief with an immediate global response option in future
scenarios.

One thing remains clear. After a half-century of serv-
ice, America•s ICBMs are still hard at work. It•s no won-
der that they•re named for gods and heroes.

A I R FO R C E SPAC E CO M M A N D



Today, satellites perform a range of func-
tions unimagined by their earliest propo-
nents. Weather forecasting, navigational
aid, and international treaty verification
are just a few of the satellite-enabled

processes we take for granted. Though their tasks may
differ, satellites share the same fundamental purpose …
they provide and transmit information. By lifting our
perspective hundreds of miles above the earth•s surface,
these largely invisible pieces of technology have provid-
ed the people and military of the United States with
irreplaceable signs from above.

AN UNEARTHLY IDEA
While the notion of an object orbiting the earth by

man's direction stretches as far back as the first balloon
ascensions in the late 18th century, the first truly practical
consideration given to operating satellites was made after
World War II. In 1946, the Army Air Force•s Project RAND
report (•Preliminary Design of an Experimental World-
Circling SpaceshipŽ) authoritatively affirmed the potential
of satellites, stating, •A satellite vehicle with appropriate
instrumentation can be expected to be one of the most
potent scientific tools of the Twentieth Century.Ž

SIGNS 
FROM ABOVE
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Provided Insight from Space
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Interestingly, the RAND report calculated that the
principal value of satellites would lie with their potential
for science, politics, and propaganda. They would prove
immensely useful in these areas, but eight years after the
initial report, a more powerful motivation for their
development came into force.

INTELLIGENCE DENIED
In the early 1950s, U.S. concern about Soviet expan-

sionism and strategic power peaked with the knowledge
that the U.S.S.R. had tested its first hydrogen bomb, had
initiated operations of the Bison bomber, and was active-
ly developing ballistic missiles. Simultaneously, the
Soviets became increasingly secretive about their capabil-
ities, rejecting a 1955 initiative to exchange aerial photo-
graphs of missile sites and other military infrastructure.

Denied access to Soviet airspace, President
Eisenhower authorized an intelligence-gathering pro-
gram called GENETRIX in which camera-carrying bal-
loons drifted across the U.S.S.R. at altitudes of up to
90,000 feet photographing areas of interest. Flights
began in January 1956 but were suspended in February
1956 following strong Soviet objection.

As the strategic balance between the United States
and U.S.S.R. was changing, the RAND Corporation in
March 1954 issued Report R-262, which called for the
development of a satellite surveillance program.
Following its recommendations and those of its own

ICBM Scientific Advisory Group, the Air Force issued
Weapon System Requirements No. 5 (WS-117L) to
develop a reconnaissance satellite program. WS-117L
would proceed under the direction of the Air Force•s
Western Development Division (WDD) at a convention-
al pace for two years but would swiftly accelerate.

The U.S.S.R. had made bold steps with the 1957
launch of an intercontinental ballistic missile and the
placement of the first satellite (Sputnik) into orbit in
October of that year. Meanwhile, the United States had
attempted five high profile missile tests without a single
success. The expression •missile gapŽ became part of the
American vernacular and anxiety over Soviet strategic
superiority soared.

Though GENETRIX had ceased, U.S. intelligence
gathering had resumed in July of 1956 with the start of
U-2 reconnaissance flights. These continued sparingly
until May 1, 1960, when Capt. Gary Powers was shot
down during a flight from Pakistan to Norway. The
United States was •blindŽ again. Against this backdrop,
Defense Secretary Neil H. McElroy pushed for the accel-
eration of WS-117L as satellites became the only alterna-
tive for collecting intelligence over denied geography.

THE FIRST TASK … RECONNAISSANCE
By 1959, WS-117L had evolved into a family of

programs that could carry out different missions
including reconnaissance and missile warning. The

A IR FORCE SPACE COMMAND
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Opposite: An artist•s conception of a weather-observation satellite planned by Lockheed Martin for the Defense
Meteorological Satellite Program (DMSP). Above: President Dwight D. Eisenhower, third from the left, and Gen.
Thomas D. White, Air Force chief of staff, center, view the Discoverer XIII capsule at the White House. The capsule
was the first object to be recovered from space.



first USAF reconnaissance satellite to fly would be a
film-return satellite called Discoverer. The Air Force
publicly presented the system as a scientific satellite
project, but in reality it was a pure reconnaissance sys-
tem known to only a few by the classified name
CORONA.

Discoverer I first flew on Feb. 28, 1959. Though it
carried no reconnaissance payload, the Lockheed-built
satellite established orbit and was declared a success.
Discoverer II, launched in April, became the first satellite
to be stabilized in three axes, to be maneuvered on com-
mand, and to send its reentry vehicle back to Earth.
Despite this success, the next 10 Discoverer satellites
failed due to problems ranging from inadequate boost to
improper reentry. Discoverer XV was the first truly suc-
cessful reconnaissance satellite, returning images of the
U.S.S.R. to U.S. intelligence in August 1960.

Publicly, the Discoverer program ended with the
launch of Discoverer XXXVII in February 1962.

However, it continued secretly as CORONA until
1972. It provided the first photos of Soviet mis-
sile-launch complexes, identified the Plesetsk
Missile Test Range north of Moscow, and yielded
continued information on Soviet missile develop-
ment.

The second system to spring from WS-117L
was the SAMOS program. SAMOS satellites were
heavier and designed to provide greater image
detail using film and radio transmissions. The
first SAMOS launch in October 1960 failed after a
second-stage malfunction. SAMOS II successfully
reached orbit in January 1961. Eight more
SAMOS launches were attempted through August
1962, several of which encountered technical
problems.

EARLY WARNING 
The third derivative of WS-117L was to pro-

vide early warning (EW) by means of satellites
capable of carrying infrared sensors to detect hos-
tile ICBM launches. The satellites would work in
conjunction with ground stations known collec-
tively as the Missile Defense Alarm System, or
MiDAS.

The first MiDAS satellite was launched in
February 1960 but failed to achieve orbit. MiDAS
II took off in May 1960 but suffered telemetry
failure. MiDAS III reached orbit in July 1961 and
gave scientists their first concrete test data. Like
Discoverer/CORONA, the MiDAS program went
•blackŽ in 1962.

A second group of infrared EW satellites,
known as Program 461, was launched in 1966.
Equipped with more powerful infrared sensors
capable of detecting solid propellant missiles,
these satellites proved more successful than their

predecessors. However, more than a dozen were required
in orbit for complete EW coverage, and DoD cancelled
the program, citing costs.

In the same year a proposal was made to use satellites
in geosynchronous orbit. With larger sensors to compen-
sate for their higher orbit, a few such satellites could
effectively detect launches. The Air Force chose TRW and
Aerojet to build the new satellites, and subsequently
renamed the project the Defense Support Program, or
DSP. The first DSP satellite took flight in 1971, and some
15 to 17 were launched through the early 1990s.

Improved DSP satellites demonstrated the ability to
detect other heat sources, including military aircraft, sur-
face-to-air missiles, nuclear reactor activity, and forest
fires. (Six pairs of Vela satellites were placed in orbit
between 1963 and 1970 to verify compliance with the
1963 Nuclear Test Ban Treaty.) DSP sensing proved par-
ticularly useful during the first Gulf War and encouraged
the Air Force to embark on a new program using high-
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Above: A 12-foot inflatable ECHO Project satellite is seen
here. The passive-style satellite reflected messages sent to and
from ground terminal equipment. Opposite: The Horn reflec-
tor antenna at Bell Telephone Laboratories in Holmdel, N.J.,
was built in 1959 for work with NASA•s ECHO I communica-
tions satellite. The antenna structure, 50 feet in length and
weighing about 18 tons, was used to detect radio waves that
bounced off ECHO Project balloon satellites.



and low-orbit satellites known as the Space-Based Infrared System
(SBIRS).

SBIRS-High satellites are three-axis stabilized with improved sen-
sors capable of continuously monitoring targets. SBIRS-Low satellites
operate in low orbit, tracking missile trajectories with great accuracy.
Presumably, SBIRS would be a key element of the U.S. missile defense
anti-missile shield.

COMMUNICATION
The first Air Force communication satellite was launched under

Project SCORE (Signal Communication by Orbiting Relay Equipment)
in December 1958. SCORE had two primary aims; to demonstrate the
ATLAS missile as a booster and the functionality of a communications
repeater in a missile.

SCORE was followed by the Courier program, the chief objective of
which was to develop a higher-capacity, longer-life relay satellite for test-
ing. Unlike SCORE, Courier was a self-contained satellite. The first
Courier launch (fall, 1960) suffered a booster failure, but the second was
successful, facilitating testing with ground stations in New Jersey and
Puerto Rico. At about the same time, ECHO I was launched. Developed
at the Rome Air Development Center, ECHO I was a passive-style satel-
lite, which reflected messages sent from and to ground terminal equip-
ment.

While Courier went forward, the Advanced Research Projects
Agency undertook a program called Advent. Courier was an experimen-
tal satellite, but Advent was to be a truly operational one. However, the
project was too ambitious for the technology then available and was
cancelled in 1962. Another experimental project called West Ford
sought to develop a secure, survivable passive satellite using reflective
copper wires. Launched in 1963, it successfully relayed voice and data
but at such low capacity that it was discontinued.

A further six experimental satellites were launched between 1965
and 1968 for the Lincoln Laboratory, which used them to perfect oper-
ations with small, fixed, and mobile ground terminals. Dubbed the LES
series, the project continued through 1971.

A IR FORCE SPACE COMMAND
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After the cancellation of Advent, a
new operational communications satel-
lite effort called the Initial Defense
Communications Satellite Program
(IDCSP) was launched. IDCSP consisted
of small, simple repeater satellites
launched in clusters. Some 28 were
placed in orbit in four launches from
June 1966 to June 1968. They provided
strategic communications for DoD until
the more sophisticated Defense Satellite
Communications System (DSCS II) was
fielded. Another experimental project
called Tacsat simultaneously explored
operations with small, mobile, land, air-
borne and shipborne tactical terminals.

DSCS II satellites were larger and
offered greater capacity than their prede-
cessors. They had longer operational life
and were positionable by ground com-
mand. The first pair of DSCS II satellites
reached orbit in November 1973, and by
1979 a full network of four DSCS IIs was
in place. Sixteen DSCS II satellites were
built, and the last was launched in 1989.

Planning for Phase III DSCS began in
1973. DSCS III satellites offered better
jamming resistance and still more com-
munications capacity. The first DSCS III
satellite was launched in October 1982,
and the five-satellite network was com-
pleted in July 1993.

The experimental trials with the LES
series and Tacsat paved the way for the
Fleet Satellite Communications System
(FLTSATCOM), the first operational sys-
tem serving tactical users. Managed by
the Navy, FLTSATCOM came online in
the late 1970s and would serve as a plat-
form for another user group … nuclear
capable forces. Their needs and those of
the Air Force would be served by the Air
Force Satellite Communications System
(AFSATCOM). The system relied on
transponders placed on FLTSATCOM
and other DoD satellites. AFSATCOM
attained full operational capability in
May 1979.

The latest communication satellite
system goes by the name MILSTAR.
Designed for robustness and flexibility,
MILSTAR satellites provide highly jam-
resistant communications for the
National Command Authority and tacti-
cal and strategic forces. The program was
inaugurated in 1982, and the first MIL-
STAR satellite took off in 1994. Block I
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MILSTAR satellites carry low-data-rate payloads, but
Block II MILSTARs, first successfully launched in 2001,
can accommodate medium-data-rate communications
as well.

NAVIGATION
Experimental use of satellites for navigation has its

origins in a Johns Hopkins Applied Physics Laboratory
project to develop a system that would allow Polaris sub-
marines to accurately track their locations. The system
that emerged, called TRANSIT, began operating in 1964
with a constellation of five satellites. TRANSIT enabled
submarines to establish their position to within 25 meters.

In the late 1960s, the Air Force and Navy were devel-
oping satellite navigation systems in parallel. The Naval
Research Laboratory proposed a system called TIMA-
TION which used precision clocks in a network of 21 to
27 satellites in medium-altitude orbits. The Air Force•s
Space and Missile Systems Organization developed its
own 621B program. The 621B proposal envisioned a
constellation of 20 satellites in synchronous inclined
orbits. The system could provide altitude as well as lati-
tude and longitude data.

DoD directed the services to merge their programs in
1973 into a new effort called the Global Positioning
System/NAVSTAR (GPS/NAVSTAR). GPS/NAVSTAR
combined the best elements of TRANSIT, TIMATION

and 621B, and was deployed in three phases.
The first Block I satellite blasted off in
February 1978, and the system attained full
operational capability in April 1995. Further
launches have maintained the GPS network
at about 25 satellites, which provide invalu-
able support for navigation, instrument land-
ings, targeting, rescue missions, rendezvous,
mine operations, and a host of other applica-
tions.

WEATHER 
Military planners have for generations

recognized the value of accurate weather
information. As communication, reconnais-
sance, and early-warning satellite programs
began in the 1960s, DoD directed the Air
Force•s Space Systems Division to initiate a
satellite weather-observation system that
eventually became the Defense
Meteorological Satellite Program (DMSP).

The first weather satellite launches
occurred in the early 1960s. Early satellites
were 90-pound, spin-stabilized craft
equipped with TV cameras. The photos they
obtained were relayed to ground stations at
retired Nike missile sites in Washington and
Maine. They were then passed to Air Force
Global Weather Central at Offutt AFB, where
meteorologists would assimilate them to pro-
vide commanders and flight crews with
observations and forecasts.

Weather-sensing technology evolved sig-
nificantly through the 1970s and 1980s by
which time over 30 DMSP satellites had been
launched. The operational system was com-
prised of two or more weather satellites in
medium-altitude polar orbits. In 1998, con-
trol of DMSP satellites was transferred to the
National Oceanic and Atmospheric
Administration, which combined them with
its own weather satellites to form a single
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Opposite, top: A Defense Communication Satellite undergoes
work in a Lockheed Martin test cell in Sunnyvale, Calif. Opposite,
bottom: A MILSTAR satellite is seen during its cleanroom produc-
tion phase in this 1994 photo. Above: A Lockheed Martin employee
works on Global Positioning Satellite SV11.



system referred to as the National Polar-orbiting
Operational Environmental Satellite System (NPOESS).

GETTING THERE:
BOOSTERS & UPPER STAGES

Getting satellites to the right orbit
and positioning them properly proved
nearly as challenging as developing their
remote sensing capabilities. When seri-
ous satellite programs got under way in
the late 1950s, there was but one type of
platform capable of taking them to space
… the ballistic missile.

Three different types were under
development at the time, including the
Thor Intermediate Range Ballistic
Missile (IRBM), the Atlas Interconti-
nental Ballistic Missile (ICBM), and the
Titan ICBM. For the next 45 years, these
systems would be the main booster
types to propel satellites out of our
atmosphere.

Thor IRBMs were the first platforms,
powering the early Discoverer satellites
through the atmosphere. Produced by
the Douglas Aircraft Company, the first
Thor IRBM was delivered to the Air
Force in October 1956. The first
Thor/Discoverer launch fired off from
Vandenberg AFB in January 1959. Thor
boosters lifted most of the early KH
series reconnaissance systems as well as a
number of NASA and many civilian
communications satellites into orbit in
the 1960s.

The Atlas ICBM, designed and built
by Convair, first flew in December 1957.
Designed as a longer-range, single-stage
missile, Atlas extended America•s nuclear
reach well inside the U.S.S.R. A year after
its first launch, an Atlas booster rocketed
the first SCORE communications satel-
lite into orbit. Heavier MiDAS and
SAMOS satellites relied on Atlas boost-
ers, as did later KH series satellites and
other low-orbit payloads. In total, some
523 Atlas boosters were launched, most
successfully propelling their payloads to
space.

The two-stage Titan ICBM was
developed by the Martin Company as a
heavier payload missile to supplement
the Atlas. The Air Force took delivery of
the first Titan I in June 1958 and
launched it successfully in May 1959. The
upgraded Titan II first launched in March
1962, and more than 140 such Titans

were eventually built, becoming the USAF•s most prolific
booster vehicle. A wide variety of Air Force satellites relied
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A Lockheed Martin Defense Meteorological Satellite is seen atop a Titan
II launch vehicle at Vandenberg Air Force Base, Calif.



on Titan variants to achieve medium/high orbit, from the first IDCSP
satellites to the latest MILSTAR communications satellites.

Despite their obvious power, converted IRBMs and ICBMs shared a
common problem as boosters. They were initially designed to deliver their
payloads to the Earth•s surface rather than into orbit. Upper-stage space-
craft had to be designed to kick satellites into orbit at the apogee of the
booster flight and to orient the satellite payload once in orbit. The most
widely used was the Lockheed RM-81 Agena.

Built around the Bell XLR81 liquid propellant rocket engine, the Agena
was initially known as the Hustler, since the XLR81 was designed for use in
a rocket-powered weapons pod for the B-58 Hustler bomber. The first
Thor-Agena launch in January 1959 was a failure, but the spacecraft would
go on to become the heart of Discoverer and many other Air Force satellite
systems. As flown on a Discoverer mission, Agena was made up of a three-
axis gyro guidance and control system, a battery-powered electrical system,
a telemetry command and tracking system, a thermally protected reentry
capsule, a parachute, and the 16,000-pound-thrust Bell rocket. The pay-
load housed a 70-degree panoramic Eastman Kodak Itek camera.

Subsequent Agena craft offered re-fireable engines with increased fuel
for extensive orbital maneuvers, more thrust, and larger payload capacity.
Some 365 Agena craft were launched into space by the Air Force and NASA
between 1959 and 1987.

SIGNS … PAST & FUTURE
Prior to the formation of Air Force Space Command (AFSPC) in

September 1982, the development, operation, and control of Air Force
satellites was divided among a number of agencies, from the Air Force
Systems Command to the National Reconnaissance Office to Strategic
Air Command. Today, the spectrum of military satellite programs func-
tion under the direction of AFSPC, including: GPS/NAVSTAR, DSCS
Phase III, DSP, FLTSATCOM, and MILSTAR. AFSPC also provided
backup command and control for NATO IV and Skynet IV systems.

Reconnaissance satellites were the first to have a major impact on
national security, offering DoD strategic planners insight into military
activities behind the Iron Curtain and elsewhere. Early Warning satel-
lites provided SAC with additional response time during the Cold War,
helping prevent misunderstandings and significantly contributing to
mutual deterrence. Early communications satellites facilitated better
strategic communication during the Vietnam War, and meteorological
satellites provided tactical planners with better weather forecasts and
observations.

It was not until Operation Desert Storm that Air Force satellites
truly altered the global strategic and tactical environment. With the
remote sensing its satellites provided, AFSPC could effectively, intimate-
ly support the warfighter with timely information from communica-
tions to navigation to environmental sensing. Operations Enduring
Freedom and Iraqi Freedom have further highlighted the value of Air
Force Space Command satellites in providing comprehensive battlefield
awareness and clues to successfully prosecute the war on terror.

Military and technology affairs observers predict that in the near
future, rapidly proliferating commercial satellite systems will be
assigned many of the tasks traditionally performed by military satellites
as the government seeks to reduce costs and to leverage accelerating
commercial technology. The approval of Presidential Decision Directive
23 has opened a path for a number of U.S. corporate satellite ventures,
which will see AFSPC working more closely with the private sector.

A IR FORCE SPACE COMMAND
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Long before the nation became vulnerable to
ballistic missile attack, Americans began
searching for ways to protect the American
heartland. The search continues today with
efforts to detect, identify, and track incoming

ballistic missiles, but its eventual goal is a shield that will
protect our cities, bases, and strategic missile forces.
When this volume went to press, a limited shield was
ready for initial operations, the latest development in the
long history of radar, missiles, and missile defense.
During the years it took to get that far, the threat was
viewed with nothing less than dread.

Before an Intercontinental Ballistic Missile sat in a
silo anywhere on the planet, the threat was portrayed
graphically on a 1954 cover of an industry magazine in a
painting that depicted an ICBM as a silvery, speeding
bullet, difficult to detect and impossible to stop. The
Soviet Union•s unexpected Oct. 4, 1957, launch of the
world•s first man-made satellite, Sputnik I, used the same
booster technology that could send such a speeding bul-
let over the North Pole toward American cities with a
nuclear warhead. Sputnik shocked Americans and
prompted President Dwight D. Eisenhower to order new
measures, including steps to detect and defend against
attack.

The Soviet Union was developing long-range mis-
siles. The Soviet Strategic Rocket Forces, an independent
military service branch, were fielding and testing ICBMs
that could come down on American cities within an
hour of their launch. The Russian Strategic Rocket
Forces still exist today, and the United States still has no
defense against ICBMs, nor is any being planned, but Air
Force Space Command is very much in the business of
detecting missiles. The nation has now fielded the begin-
nings of a partial shield against missiles in the hands of
renegades, rogues, or bad-state actors like North Korea.

None of this would be possible but for radar.

MAKING RADAR WAVES
As far back as 1904, a primitive radar had been

demonstrated by a German Engineer named Christian
Hulsmeyer.

Just after World War I, in 1922, experts at the Aircraft
Radio Laboratory at Anacostia in Washington, D.C., were
experimenting with high-frequency radio transmission.
A. Hoyt Taylor and Leo C. Young were trying to transmit
between their radio station and a receiver located across
the Anacostia River at Haines Point. At one point during
the test, a passing river steamer interrupted their signal.
This suggested to Taylor that radio waves might be used
to detect the passage of a ship during a heavy fog or in
the dark of night.

Taylor submitted a report on •radio-echo signals
from moving objectsŽ in November 1930 to the Navy's
Bureau of Engineering, Navy Department. In January

1931, the Bureau assigned the Naval Research Laboratory
the problem of investigating … secretly … the use of radio
to detect the presence of enemy vessels and aircraft.

By 1934, Germany, Italy, the Soviet Union, Great
Britain, in fact all of the major powers, were also work-
ing on primitive radar systems. In the same year, Taylor
devised a way to send radio energy toward a suspected
target in short bursts, or pulses. In 1936, Taylor demon-
strated that this method could detect an aircraft 25 miles
away. It was named RAdio Detection And Ranging, or
RADAR. As the first operational units were developed on
the eve of World War II, the term ceased being used as an
acronym and took its place as a dictionary word.

In Britain in 1934, Robert Page developed a pulse
radar for the detection of aircraft. The following year,
Scottish scientist Dr. Robert Watson-Watt produced a
report, •The Detection of Aircraft by Radio Methods.Ž In
February 1935, Watson-Watt took part in a successful
trial in Britain in which short-wave radio was used to
detect a bomber. In 1936, a U.S. Army Signal Corps lab-
oratory at Fort Monmouth, N.J., began its own radar
project.

By the time German bombers were attacking during
the Battle of Britain in 1940, the British had a chain of
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Opposite: An interceptor missile is launched from the
Army's Kwajalein Missile Range in the central Pacific
Ocean during a July 2000 test intercept. Above: This
ground-level view of the Clear Air Force Station,
Alaska, Ballistic Missile Early Warning System
(BMEWS) site shows a radar fan, at left, and a tracking
radar radome. The detection radars provide 30 minutes
warning of an ICBM attack, while tracking radars
enable operators to track most orbiting satellites.



radar stations covering the southeast of England. Radar
was a tool to the embattled Spitfire and Hurricane pilots
of Royal Air Force Fighter Command, who defeated the
Luftwaffe in history's first air-to-air military campaign.
As the war progressed, all nations had radar, but it was of
little use when Nazi Germany hurled ballistic missiles at
the British Isles in 1944 and 1945. There was no practical
way to detect an incoming V-2 rocket and no defense
against it.

When victory in World War II gave way to the ten-
sions of the Cold War, the United States was all too will-
ing to invest hundreds of billions of dollars to defend
itself. All along, some experts saw the V-2 rocket as an
omen, but the focus was a perceived bomber threat.
Experts in the West overestimated the Soviet bomber
force and underestimated the willingness of the Soviets
to leapfrog past the manned bomber to the missile. Even
during the Korean War, from 1950 to 1953, the Pentagon
spent more on defense against bombers than on fighting
in Korea. The building of Thule Air Base, Greenland,
begun in 1952, was one of the most ambitious construc-
tion projects ever undertaken, and the primary reason
was to support a Distant Early Warning line … a DEW
line … of radar stations running across the polar region
from Greenland to Alaska.

The DEW Line began operations in February 1954.
Radar stations dotted the tundra of northern Greenland,
Canada, and Alaska, each providing overlapping cover-
age to detect approaching aircraft. Logistics experts
brought tons of equipment to the Arctic and construct-
ed no fewer than 58 DEW Line sites in just over two
years.

It began with an experimental radar site.
In 1958, a handful of U.S. scientists, specialists, and

military men went to Trinidad in the British West Indies
to begin tests of a prototype for the nation's first missile-
detection radar. The Ballistic Missile Early Warning
System (BMEWS) Trinidad site was used to gather data
on friendly missiles fired over the Atlantic, as well as an
occasional meteor, but its purpose was to prove out a
concept for detecting hostile missiles … a significant step
toward creating a missile shield for North America.

The then Air Force Chief of Staff, Gen. Thomas D.
White, is usually credited with coining the term •aero-
space,Ž a word that has been in and out of favor since the
1950s as the Air Force has continuously redefined its
space, and space defense, mission. By 1959, the Air Force
had officially taken responsibility for the space arena and
the word •aerospaceŽ had become part of its official
vocabulary.
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Above: In response to a perceived Soviet bomber threat at the onset of the Cold War, the United States established
a Distant Early Warning (DEW) line of radar stations running across the polar region from Greenland to Alaska.
Seen here is a DEW line radar station in Greenland. Opposite: An anti-ballistic missile (ABM) perimeter acquisi-
tion radar (PAR) that was used as part of the short-lived Safeguard program. Pursued for only a few months in the
mid-1970s, the Safeguard missile-intercept program sought to protect the United States• stockpile of interconti-
nental ballistic missiles.



That year, the Air Defense Command, already
responsible for protecting the nation against bomber
attack, assumed the ballistic missile warning mission.
Also that year, the chief of naval operations, Adm.
Arleigh Burke, suggested that the Pentagon create a uni-
fied space command, responsible for all space assets and
missions. The Army liked the idea. The Air Force resis-
ted. The services continued to compete for space mis-
sions, although the Air Force now held the missile-warn-
ing job firmly in its hands.

In 1963, after Soviet cosmonauts and American astro-
nauts had been in orbit and both sides possessed opera-
tional ICBMs, the Air Force began work on the world•s first
phased-array radar. Work progressed at Eglin Air Force
Base, Fla., on the AN/FPS-85, a powerful space track sys-
tem intended to provide tracking data on thousands of
space objects per day. Plans to make the system operational
in 1965 were foiled by technical glitches and a major fire,
but the system did achieve initial operating capability in
1969.

Becoming embroiled in Vietnam, the United States
never took its eye off the Soviet Union. In the 1960s, both
sides fielded not only ICBMs, but also submarine-
launched ballistic missiles, or SLBMs. A submarine operat-
ing close to American shores could reduce the warning
time available to U.S. defenders to 20 minutes or less. To
provide timely warning against Soviet SLBMs, the Air
Force began work on an interim SLBM-detection network
consisting of several AN/FSS-7 radars located on the
Atlantic, Pacific, and Gulf coasts. The network, eventually
controlled by the 4783rd Surveillance Squadron of the 14th

Aerospace Force, was fully operational by May 1972. By
July 1975, the AN/FPS-85 radar at Eglin AFB had been
reprogrammed to provide additional SLBM detection and
warning capability along with its original spacetrack mis-
sion.

While the Air Force honed its ability to detect, iden-
tify, and track missiles, the nation put into operation its
first attempt at a shield against missile attack … run by the
Army. The Nike Zeus series of missiles and an aborted
project called BAMBI, or the Ballistic Missile Boost
Intercept system, evolved into the LIM-49A Spartan and
FLA-38 Sprint ground-launched anti-ballistic missiles,
each armed with a 20-kiloton W-66 thermonuclear, neu-
tron-flux warhead. The Spartan and Sprint weapons
entered service as part of the Safeguard program (initial-
ly named Sentinel) at Grand Forks, N.D.

Believing that the United States could not stop an all-
out attack by the Soviet Strategic Rocket Forces, the
Lyndon B. Johnson administration decided to proceed
with a thin anti-ballistic umbrella to protect major U.S.
cities. When Defense Secretary Robert McNamara
announced the plan in September 1967, he made two
points that have regained currency today: (1) deploying
a comprehensive anti-missile system might exacerbate
the offensive missile race, and (2) the nation needed
enough of an umbrella to counter very limited threats
such as that posed by the small Chinese ICBM force.

In 1972, the United States and the Soviet Union
signed the ABM Treaty, which limited both sides to two
anti-ballistic missile interceptor sites. A 1974 protocol
reduced the two sites to one each and to 100 interceptors.
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The Soviets elected to defend Moscow with their
nuclear-tipped Galosh system while the United States
opted to defend the Minuteman missile fields in the
northern tier of the nation. Safeguard became opera-
tional on Oct. 1, 1975, with 30 Spartans and 70 Sprints.
Some called the system a partial •shield,Ž but it was
flawed. For one thing, its radars would have been blind-
ed by the electromagnetic pulse from exploding nuclear
warheads on the Safeguard interceptors.

Primarily because of cost, Congress immediately
ordered the program shut down, and Safeguard went out
of the business of shielding America in 1976. Except for
radars associated with the system, Safeguard was fully
operational for only a few months. The process of shut-
ting it down was completed in 1978. The Soviet Union
retained its system and has updated the Gazelle anti-bal-
listic missiles in place today.

By then, the Air Force had been at work for several
years on an improved, phased-array radar known as Pave
Paws, or AN/FPS-115. Capable of detecting missiles at
greater distances and of identifying and tracking them
more accurately, Pave Paws began operations at Otis Air
National Guard Base, Mass., in April 1980. In due course,
Pave Paws sites operated at four installations in the
United States.

FORMING SPACE COMMAND
Air Force Space Command was created Sept. 1, 1982.

It resulted from a major restructuring of the oversight of
all space surveillance and missile warning assets, until
then operated separately by Air Defense Command and
Strategic Air Command. Although his predecessor Gen.
James Hill and others played a significant part, Gen.
James V. Hartinger is credited with the vision of a service
headquarters that would operate on a par with Strategic
Air Command, Tactical Air Command, and Military
Airlift Command.

As soon as it was activated, Air Force Space
Command began to grow. In 1983, the command
assumed responsibility for a worldwide network of more
than 25 space surveillance and missile warning sensors.
Among the radar sites passed to Space Command were
the AN/FPS-17 and AN/FPS-79 detection and tracking
radars at Pirinclik, Turkey. This site had been in opera-
tion since 1955, gathering intelligence on Soviet missile
launches.

On March 23, 1983, President Ronald Reagan spoke
of countering the Soviet missile threat by developing
defenses that would make •nuclear weapons impotent
and obsolete.Ž The Air Force was involved mostly on the
periphery of the Strategic Defense Initiative, or Star
Wars, which cost $100 billion over the next decade and
contributed mightily to scientific knowledge, but never
provided a missile shield.

The command also took over the long-operating
Cobra Dane radar on Shemya in the Aleutian Islands.

The site had been created, largely in secret, to track
Soviet missile tests impacting on the Kamchatka
Peninsula. The site's advanced AN/FPS-108 phased-
array radar replaced two earlier radar systems similar to
those at Pirinclik. As the decade progressed, the com-
mand added other space tracking radars to its now-
worldwide network.

In 1991, Iraq used the Scud theater ballistic missile
against U.S. forces and its allies in the Persian Gulf. They
produced the first American combat casualties ever
caused by ballistic missiles. That year, under President
George H. W. Bush, the nation adopted a strategy of
developing a defense against limited missile strikes …
more than the theater defense mounted in the Persian
Gulf but less than a strategic effort. Numerous changes
in the missile bureaucracy and in terminology occurred
under President Bill Clinton and President George W.
Bush, while the target date for a limited missile defense,
operated by the Missile Defense Agency and manned by
Army National Guard personnel, kept slipping. The
threat of tactical ballistic missiles was soon reinforced by
the threat of intercontinental weapons in the hands of
rogue states, principally the Taepo Dong 2 ICBM fielded
by North Korea, which in 2004 acknowledged having
nuclear weapons.

The nation's ICBM forces were merged into Air
Force Space Command in 1993. They revert to U.S.
Strategic Command in wartime.

The command took over the former Naval Space
Surveillance System, also known as •the Fence,Ž the
nation•s oldest sensor built to track satellites and debris
in orbit around the Earth, during ceremonies at
Dahlgren, Va., on Oct. 1, 2004. The transfer of Fence
operations to the Air Force brings an end to more than
40 years of Navy control of the sensor. Lt. Col. James
Hogan, 20th Space Control Squadron commander, who
now operates the Fence, gave credit to the Navy for a long
period of tradition: •For 43 years, Navy has stood watch
over space with the Fence and has one of the first seats at
the table of space surveillance,Ž Hogan said.

MISSILE DEFENSE … AGAIN
In 2004, the nation was preparing to field its latest

space shield, under an arrangement that seemingly
placed operational readiness ahead of testing.
Pentagon officials said they would be unable to com-
plete an overdue flight test of critical elements of the
anti-missile system before activating the system in
October 2004. The decision delayed a key design
review for the Missile Defense Agency's Multiple Kill
Vehicles program by about four months. The Pentagon
said that more work, including unspecified •additional
risk reduction on critical kill vehicle subsystems,Ž was
needed.

The delay meant the system would be deployed
without a flight test having been carried out for two
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years. After several successful intercepts in 2001, the
system failed to intercept a mock enemy missile in a
test in December 2002. After that failure, officials
ordered a halt to more intercept tests until a newly
designed booster could be completed. The Pentagon
said it decided to delay the test again after learning of
modifications to the test interceptor that were not
checked out fully in ground tests. The Pentagon said
the program is •on track and making strong progressŽ
and that the MKV design •has matured significantly.Ž
Sen. Ted Stevens, R-Alaska, calls the deployment of
missile defense •essential in today's world.Ž A Pentagon
spokesman noted that, •Although the system will ini-
tially have a limited capability when it becomes opera-
tional ... it will mark the first time the United States has
a capability to defend the entire country against limit-
ed attack by a long-range ballistic missile.Ž In addition
to the kill vehicle, the interceptors rely on a booster
rocket. The kill vehicle is designed to separate from the
booster, identify the enemy warhead, and ram it.

Although Air Force Space Command doesn't oper-
ate the interceptors that make up this newest space
shield, the command is in constant coordination with
those who do. The missile agency has five interceptors
in underground silos at Fort Greely in central Alaska,

with plans to add 11 more by the end of 2005. Four
interceptors are being put in the ground at the backup
site at Vandenberg. A U.S. Navy destroyer has begun
patrolling the Sea of Japan with newly upgraded Aegis
radar capable of tracking any North Korean missile
launches and feeding information into the missile
defense network. The command's tracking radar on
Shemya, and an early-warning radar at Beale Air Force
Base, Calif., are both operational.

General Lance Lord, the longest-serving missileer in
uniform, has commanded Air Force Space Command
since April 2002. The command has two numbered air
forces: 14th Air Force at Vandenberg Air Force Base,
Calif., commanded by Maj. Gen. Michael A. Hamel, and
20th Air Force, at F. E. Warren Air Force Base, Wyo.,
commanded by Maj. Gen. Frank G. Klotz. The com-
mand's literature tells us that its assets are •a key factorŽ
in implementing the Air Force•s expeditionary strategy.

For the men and women of Air Force Space
Command … headquartered at Peterson Air Force Base
just outside Colorado Springs … contributing to today's
reduced ballistic missile defense means staying ready at
ICBM sites, monitoring telemetry, operating warning
satellites and warning radar stations, and coordinating
with the Missile Defense Agency and other players.
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The watershed events of 1954, including the July 1, 1954, establishment of the
Western Development Division (WDD) in Inglewood, Calif., form the
foundation for today•s Air Force space and missile capabilities. However,
while WDD is considered to be the birthplace of Air Force missile and satel-
lite development, •the divisionŽ accomplished nothing. It was the people

working in, for, and around WDD and its subsequent organizations that established those
capabilities. They are the space pioneers.

An example can be found in Brig. Gen. Bernard Schriever, a visionary leader who
assumed command just one month after the WDD was established. Often identified as
the first in a long line of space and missile pioneers, Schriever was born in Germany in
1910, immigrating to the United States with his parents seven years later. He began mili-
tary service in the U.S. Army field artillery, but transferred to the Air Corps in 1932, earn-
ing his wings one year later. After time as a test pilot at Wright Field, World War II found
him fighting in campaigns throughout the Pacific.

The WDD that he commanded would be credited for the design and development of
national assets, including the nation•s ICBM fleet, the CORONA/Discoverer satellite
imagery program, and the Missile Detection Alarm System (MIDAS). But it was the indi-
viduals involved who were truly responsible for the successes.

To honor those individuals and their contributions to the nation•s space posture, the
Air Force used the occasion of •Guardian Challenge 2004Ž to assemble a panel of distin-

guished visitors with personal knowledge of Air Force space and missile history. Speaking
to assembled participants at Vandenberg Air Force Base, Calif., the panel members shared
many insights and observations surrounding the major issues, decisions, key efforts, and
events over the last 50 years.
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•If I have seen further it is by standing on
the shoulders of Giants.Ž

- Sir Isaac Newton

Opposite: As a brigadier general, Bernard A. Schriever, seen at left standing behind the
Discoverer 13 capsule, took command of the Western Development Division (WDD)
just a month after it was established. He is now widely regarded as the father of the U.S.
space and missile program. Above: In July 1954, the Western Development Division
began operations in a converted parochial schoolhouse in Inglewood, Calif.



The distinguished panel members included co-mod-
erators … Maj. Gen. Michael A. Hamel, USAF
(Commander, 14th Air Force) and Maj. Gen. Frank G.
Klotz (Commander, 20th Air Force) … with panel mem-
bers Brig. Gen. William G. King, Jr., USAF (Retired); Maj.
Gen. Robert A. Rosenberg, USAF (Retired); Lt. Gen. Jay W.
Kelley, USAF (Retired); Maj. Gen. Donald G. Hard,USAF
(Retired); Gen. Thomas S. Moorman, Jr., USAF
(Retired); Lt. Gen. Arlen D. Jameson, USAF (Retired);
Maj. Gen. Thomas H. Neary, USAF (Retired); and Lt.
Gen. Eugene D. Santarelli, USAF (Retired).

While some of the speakers used the occasion to
address current and future challenges, the bulk of the
speakers offered aspects of their personal experience
that helped illuminate the pivotal roles of the early
space and missile pioneers.

For example, in establishing a historical framework
for the early pioneering success, Maj. Gen. Hamel
opened the panel by explaining that the post-World
War II era was •a very different worldŽ from what the
panel audience knew today.

•As the Cold War was developing, ƒ we saw the
development of technologies that were able to underpin
our strategic nuclear deterrent and global stability for
nearly half a century,Ž he said.

•1954 was a pivotal year in the development of Air
Force space and missiles,Ž echoed Maj. Gen. Klotz. •In
February of that year, the Teapot Committee, which was
also known as the von Neumann committee [Dr. John von
Neumann was the committee chairman], released its
report, which urged the development of an American
intercontinental ballistic missile. The next month, RAND
Corporation released a report, R-262 … also known as
•Project FeedbackŽ … which recommended that the Air
Force also develop a reconnaissance satellite program. In
July of 1954, the Western Development Division was acti-
vated and began the race with the then Soviet Union to
field an operational ICBM. The following month, then
Brig. Gen. Bernard Schriever assumed command of the
Western Development Division. In October 1954, the
ICBM Scientific Advisory Group recommended integrat-
ing space and missile programs under the Western
Development Division. Finally, in November of that piv-
otal year, the Air Force issued the requirement for weapon
system 117-L, to develop a reconnaissance satellite pro-
gram.Ž

•But 1954 was just the start of Air Force space and
missiles,Ž Klotz continued. •In those early years, the Air
Force fielded numerous research and development sys-
tems, many of which evolved into operational systems.
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Clockwise from top left: Brig. Gen. William G.
King, Jr.; Gen. Thomas S. Moorman, Jr.; Dr. Simon
•SyŽ Ramo; Dr. John von Neumann; and the
Honorable Trevor Gardner.
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