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The Atlas measured approximately 70 feet in lengtbrganizational concepts of divisions, wings, and
and 10 feet in diameter. Prime contractor for thesquadrons.
Strategic Missile (SM)-65 airframe was the Convair While some of the integration was relatively straight-
Division of General Dynamics, with the Rocketdyndorward ... such as the establishment of SACes 1st Missile
Division of North American Aviation providing the Division at Cooke Air Force Base in 1958 ... one early
three liquid-propellant engines (two booster engines ancomplicating factor involved the availability of missiles
one sustainer engine). that had to be integrated into bomber operations.
Meanwhile, late in 1956, the Secretary of Defendexamples of the latter category included the non-ballis-
directed that the Army transfer part of Camp Cooketic, air-breathing Snark as well as both GAM-63 and
Callif., to the Air Force. The Army had operated the cam@AM-77 air-to-surface missiles.
as a training facility from 1941 to 1945, and again during While strategic organizational issues were being
the Korean War. However, although the Atlas ICBMlefined and refined, the Air Force used three develop-
would be tested at Cape Canaveral, Brig. Gen. Bernartental / test models of Atlas ... Atlas A, Atlas B, and Atlas
Schriever needed a facility closer to WDD. The firsE ... to help refine the program hardware. The first Atlas
ICBM squadron was activated at Cooke Air Force Bassst flight, for example, took place in June 1957.
in April 1958, with that facility subsequently renamedJnfortunately, engine failure at 10,000 feet led to the
Vandenberg Air Force Base. destruction of that missile. Another Atlas engine shut
Prior to the operational arrival of Americass initialdown prematurely during a September test launch with
ICBMs, Americass strategic deterrent mission was pehat missile also destroyed. Finally, on Dec. 17, the third
formed by the Strategic Air Command (SAC). Built orAtlas was successfully launched, with more successful
the foundation of strategic air power demonstrated durlimited range Atlas tests on Dec. 17, 1957; Jan. 10, 1958;
ing the latter stages of World War 1l, SACes bomber forcéeb. 7, 1958; and Feb. 20, 1958.
had compressed both the movement and application of Following the steep learning curves on the develop-
decisive firepower from days to hours. The arrival ahental models, the initial operational Atlas D was placed
ICBMs would further compress that action timeline intoon alert at Vandenberg AFB on Oct. 31, 1959. The D
minutes. model Atlas was stored horizontally but later E and F
The ICBMs caused the conversion of SACes formenigodels were stored vertically in underground silos and
existing planning functions to mixed bomber and missileaised by elevators for above-ground launch. Many of
operations. To facilitate this conversion, the new ballistithese later Atlas models would eventually be retrofit and
missile force was integrated directly into existing SAGsed 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.

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,
Thores IRBM classification (range of approximately
1,500 miles), limited Thores role to overseas deploy-
ments.

Formally designated as Weapon System (WS)-107A-
2, the two-stage Titan | missile was approximately 90 feet
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er payload (the Mk 11C reentry vehicle versus Mk 11
A/B on the Minuteman 1), the pre-storage of up to
eight targets in guidance memory, and greater accura-
cy.
The first Minuteman 1l 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 | and Minuteman Il 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 IIl. Production of
the Minuteman Il missiles began in 1968. At a length
of 59.9 feet, the Minuteman 11l 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 Il 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 Il missiles replaced

b Minuteman Is at Minot Air Force Base, N.D., in June
ﬁ 970, with the first Minuteman 111 squadron reaching
erational status by the end of the year.

Minuteman | became operational in 1962, with the
first Minuteman missile on alert during the Cuban Less than a decade later, development work began
Missile Crisis of October. Initial operational capabilityon another new generation of ICBMs designated as the
(I0C) for Minuteman | was marked in December of thatLGM-118A Peacekeeper. Measuring approximately 71
year with 20 missiles placed on operational alert. THeet in length and 7 feet, 8 inches in diameter, the four-
first full squadron of Minuteman | missiles went onstage missile was designed to carry up to 10 independ-
operational alert at Malmstrom Air Force Base, Mont., agntly targetable Mk 21 reentry vehicles.
the end of February 1963. As originally envisioned at the start of full-scale

Minuteman | was actually installed in two sequentiafievelopment in 1979, the Peacekeeper program would
variants. The initial variant, Minuteman IA, reportedly include the deployment of 200 missiles in a smultiple
featured a flaw in its first stage that reduced thgrotective structure basing mode.Z The multiple-basing
Minuteman lss specified 6,300-nautical-mile range bsnode, which was designed at the height of the Cold
more than 1,000 miles. However, rather than delay thé/ar as a way to achieve long-term ICBM survivability,
introduction of this significant addition to the nationes placed the ICBMs in both fixed silos and in a mobile
deterrent capability, SAC allowed the installation of 15ail garrison configuration.
of the sshorter rangeZ Minuteman IAs at Malmstrom However, both program scope and basing modes
AFB. Subsequent missile deployments consisted of thwere subsequently scaled back during the 1980s, being
Minuteman IB, with the first 150 IBs activated atredesigned as a Minuteman silo-basing program. In
Ellsworth Air Force Base, S.D., in 1963. January 1984, the Peacekeeper in Minuteman silo-bas-

In 1965, SAC began to incorporate a furtheing program began the transition from full-scale devel-
improved version of Minuteman, the LGM-30F opment to production with the goal of 100
Minuteman I, into its inventory. The Minuteman |l Peacekeepers in Minuteman silos.
looks very similar to its predecessors, utilizing the same In November 1985, however, the U.S. Congress
first- and third-stage solid-propellant rockets. Howeverreduced the number of Peacekeepers to be deployed in
a slightly longer second stage provided Minuteman Hilos to no more than 50. Just over one year later, in
with a length of 57.6 feet, which translated to more rangeecember 1986, Initial Operational Capability of 10
than Minuteman | (8,300 nautical miles versus 6,300 fdteacekeeper missiles in Minuteman silos was achieved
Minuteman I). Additional improvements included high- at F.E. Warren Air Force Base, Wyo. Full Operational
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For Almost 60 Years, Air Force Satellite Programs Have
Provided Insight from Space

|

oday, satellites perform a range of func-

tions unimagined by their earliest propo-

nents. Weather forecasting, navigational While the notion of an object orbiting the earth by

aid, and international treaty verification man's direction stretches as far back as the first balloon

are just a few of the satellite-enabledascensions in the late 18th century, the first truly practical
processes we take for granted. Though their tasks maynsideration given to operating satellites was made after
differ, satellites share the same fundamental purposeWorld War I1. In 1946, the Army Air Forcees Project RAND
they provide and transmit information. By lifting our report (sPreliminary Design of an Experimental World-
perspective hundreds of miles above the earthes surfaCacling SpaceshipZ) authoritatively affirmed the potential
these largely invisible pieces of technology have providf satellites, stating, A satellite vehicle with appropriate
ed the people and military of the United States witinstrumentation can be expected to be one of the most
irreplaceable signs from above. potent scientific tools of the Twentieth CenturyZ
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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 Il successfully
reached orbit in January 1961. Eight more
SAMOS launches were attempted through August
1962, several of which encountered technical
problems.

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
Il took off in May 1960 but suffered telemetry
eeRailure. MiDAS Il reached orbit in July 1961 and

e scientists their first concrete test data. Like

c- Discoverer/CORONA, the MiDAS program went
JeblackZin 1962.
ca- A second group of infrared EW satellites,
n#nown as Program 461, was launched in 1966.
treguipped with more powerful infrared sensors

capable of detecting solid propellant missiles,

these satellites proved more successful than their
first USAF reconnaissance satellite to fly would bepredecessors. However, more than a dozen were required
film-return satellite called Discoverer. The Air Forcen orbit for complete EW coverage, and DoD cancelled
publicly presented the system as a scientific satellttee program, citing costs.

project, but in reality it was a pure reconnaissance sys- In the same year a proposal was made to use satellites
tem known to only a few by the classified name geosynchronous orbit. With larger sensors to compen-
CORONA. sate for their higher orbit, a few such satellites could

Discoverer | first flew on Feb. 28, 1959. Though ieffectively detect launches. The Air Force chose TRW and
carried no reconnaissance payload, the Lockheed-bulierojet to build the new satellites, and subsequently
satellite established orbit and was declared a successamed the project the Defense Support Program, or
Discoverer Il, launched in April, became the first satellit®SP. The first DSP satellite took flight in 1971, and some
to be stabilized in three axes, to be maneuvered on cofb to 17 were launched through the early 1990s.
mand, and to send its reentry vehicle back to Earth. Improved DSP satellites demonstrated the ability to
Despite this success, the next 10 Discoverer satellitletect other heat sources, including military aircraft, sur-
failed due to problems ranging from inadequate boost tface-to-air missiles, nuclear reactor activity, and forest
improper reentry. Discoverer XV was the first truly sucfires. (Six pairs of Vela satellites were placed in orbit
cessful reconnaissance satellite, returning images of thetween 1963 and 1970 to verify compliance with the
U.S.S.R.to U.S. intelligence in August 1960. 1963 Nuclear Test Ban Treaty.) DSP sensing proved par-

Publicly, the Discoverer program ended with thdicularly useful during the first Gulf War and encouraged
launch of Discoverer XXXVII in February 1962.the Air Force to embark on a new program using high-

19
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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 |l 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 Il satellites
reached orbit in November 1973, and by
1979 a full network of four DSCS lIs was
in place. Sixteen DSCS Il satellites were
built, and the last was launched in 1989.

Planning for Phase Ill DSCS began in
1973. DSCS Il satellites offered better
jamming resistance and still more com-
munications capacity. The first DSCS IlI
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 |
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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 Americaes 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

Titthe first Titan | in June 1958 and
upgraded Titan Il first launched in March

1962, and more than 140 such Titans
system referred to as the National Polar-orbitingvere eventually built, becoming the USAFes most prolific
Operational Environmental Satellite System (NPOESShooster vehicle. A wide variety of Air Force satellites relied

po
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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 Statese stockpile of interconti-
nental ballistic missiles.

radar stations covering the southeast of England. Radar The DEW Line began operations in February 1954.
was a tool to the embattled Spitfire and Hurricane pilotRadar stations dotted the tundra of northern Greenland,
of Royal Air Force Fighter Command, who defeated th€anada, and Alaska, each providing overlapping cover-
Luftwaffe in history's first air-to-air military campaign. age to detect approaching aircraft. Logistics experts
As the war progressed, all nations had radar, but it waskbught tons of equipment to the Arctic and construct-
little use when Nazi Germany hurled ballistic missiles ad no fewer than 58 DEW Line sites in just over two
the British Isles in 1944 and 1945. There was no practigalars.
way to detect an incoming V-2 rocket and no defense It began with an experimental radar site.
against it. In 1958, a handful of U.S. scientists, specialists, and
When victory in World War Il gave way to the ten-military men went to Trinidad in the British West Indies
sions of the Cold War, the United States was all too wille begin tests of a prototype for the nation's first missile-
ing to invest hundreds of billions of dollars to defenddetection radar. The Ballistic Missile Early Warning
itself. All along, some experts saw the V-2 rocket as 8gstem (BMEWS) Trinidad site was used to gather data
omen, but the focus was a perceived bomber threain friendly missiles fired over the Atlantic, as well as an
Experts in the West overestimated the Soviet bombeccasional meteor, but its purpose was to prove out a
force and underestimated the willingness of the Soviatencept for detecting hostile missiles ... a significant step
to leapfrog past the manned bomber to the missile. Evéoward creating a missile shield for North America.
during the Korean War, from 1950 to 1953, the Pentagon The then Air Force Chief of Staff, Gen. Thomas D.
spent more on defense against bombers than on fightiMghite, is usually credited with coining the term eaero-
in Korea. The building of Thule Air Base, Greenlandspace,Z a word that has been in and out of favor since the
begun in 1952, was one of the most ambitious construd950s as the Air Force has continuously redefined its
tion projects ever undertaken, and the primary reasogpace, and space defense, mission. By 1959, the Air Force
was to support a Distant Early Warning line ... a DEW&d officially taken responsibility for the space arena and
line ... of radar stations running across the polar regitimee word saerospaceZ had become part of its official
from Greenland to Alaska. vocabulary.
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The Soviets elected to defend Moscow with theifhe site had been created, largely in secret, to track
nuclear-tipped Galosh system while the United Stat&oviet missile tests impacting on the Kamchatka
opted to defend the Minuteman missile fields in théPeninsula. The site's advanced AN/FPS-108 phased-
northern tier of the nation. Safeguard became operarray radar replaced two earlier radar systems similar to
tional on Oct. 1, 1975, with 30 Spartans and 70 Sprinthose at Pirinclik. As the decade progressed, the com-
Some called the system a partial *shield,Z but it wasand added other space tracking radars to its now-
flawed. For one thing, its radars would have been blindvorldwide network.
ed by the electromagnetic pulse from exploding nuclear In 1991, Iraq used the Scud theater ballistic missile
warheads on the Safeguard interceptors. against U.S. forces and its allies in the Persian Gulf. They
Primarily because of cost, Congress immediatelyroduced the first American combat casualties ever
ordered the program shut down, and Safeguard went oatused by ballistic missiles. That year, under President
of the business of shielding America in 1976. Except f@eorge H. W. Bush, the nation adopted a strategy of
radars associated with the system, Safeguard was fdijveloping a defense against limited missile strikes ...
operational for only a few months. The process of shutnore than the theater defense mounted in the Persian
ting it down was completed in 1978. The Soviet Uniosulf but less than a strategic effort. Numerous changes
retained its system and has updated the Gazelle anti-bialthe missile bureaucracy and in terminology occurred
listic missiles in place today. under President Bill Clinton and President George W.
By then, the Air Force had been at work for severBlush, while the target date for a limited missile defense,
years on an improved, phased-array radar known as Paygerated by the Missile Defense Agency and manned by
Paws, or AN/FPS-115. Capable of detecting missilesAimy National Guard personnel, kept slipping. The
greater distances and of identifying and tracking therhreat of tactical ballistic missiles was soon reinforced by
more accurately, Pave Paws began operations at Otis #ie threat of intercontinental weapons in the hands of
National Guard Base, Mass., in April 1980. In due coursmgue states, principally the Taepo Dong 2 ICBM fielded
Pave Paws sites operated at four installations in thg North Korea, which in 2004 acknowledged having
United States. 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.
Air Force Space Command was created Sept. 1, 1982.The command took over the former Naval Space
It resulted from a major restructuring of the oversight oBurveillance System, also known as sthe FenceZ the
all space surveillance and missile warning assets, ungltiones oldest sensor built to track satellites and debris
then operated separately by Air Defense Command aimd orbit around the Earth, during ceremonies at
Strategic Air Command. Although his predecessor GeBahlgren, Va., on Oct. 1, 2004. The transfer of Fence
James Hill and others played a significant part, Geoperations to the Air Force brings an end to more than
James V. Hartinger is credited with the vision of a servid® years of Navy control of the sensor. Lt. Col. James
headquarters that would operate on a par with Strategitogan, 20th Space Control Squadron commander, who
Air Command, Tactical Air Command, and Military now operates the Fence, gave credit to the Navy for a long
Airlift Command. period of tradition: «For 43 years, Navy has stood watch
As soon as it was activated, Air Force Spaoser space with the Fence and has one of the first seats at
Command began to grow. In 1983, the commandhe table of space surveillance,Z Hogan said.
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 In 2004, the nation was preparing to field its latest
radars at Pirinclik, Turkey. This site had been in operaspace shield, under an arrangement that seemingly
tion since 1955, gathering intelligence on Soviet missidaced operational readiness ahead of testing.
launches. Pentagon officials said they would be unable to com-
On March 23, 1983, President Ronald Reagan spogkete an overdue flight test of critical elements of the
of countering the Soviet missile threat by developingnti-missile system before activating the system in
defenses that would make enuclear weapons impotef@ictober 2004. The decision delayed a key design
and obsolete.Z The Air Force was involved mostly on theview for the Missile Defense Agency's Multiple Kill
periphery of the Strategic Defense Initiative, or StaWehicles program by about four months. The Pentagon
Wars, which cost $100 billion over the next decade arsdid that more work, including unspecified sadditional
contributed mightily to scientific knowledge, but neverisk reduction on critical kill vehicle subsystems,Z was
provided a missile shield. needed.
The command also took over the long-operating The delay meant the system would be deployed
Cobra Dane radar on Shemya in the Aleutian Islandaithout a flight test having been carried out for two
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The distinguished panel members included co-mod- 1954 was a pivotal year in the development of Air
erators ... Maj. Gen. Michael A. Hamel, USAForce space and missilesZ echoed Maj. Gen. Klotz. «In
(Commander, 14th Air Force) and Maj. Gen. Frank GFebruary of that year, the Teapot Committee, which was
Klotz (Commander, 20th Air Force) ... with panel memalso known as the von Neumann committee [Dr. John von
bers Brig. Gen. William G. King, Jr., USAF (Retired); MajNeumann was the committee chairman], released its
Gen. Robert A. Rosenberg, USAF (Retired); Lt. Gen. Jay ¥port, which urged the development of an American
Kelley, USAF (Retired); Maj. Gen. Donald G. HAW&GAF intercontinental ballistic missile. The next month, RAND
(Retired); Gen. Thomas S. Moorman, Jr., USAFCorporation released a report, R-262 ... also known as
(Retired); Lt. Gen. Arlen D. Jameson, USAF (RetiredyProject FeedbackZ ... which recommended that the Air
Maj. Gen. Thomas H. Neary, USAF (Retired); and LtForce also develop a reconnaissance satellite program. In
Gen. Eugene D. Santarelli, USAF (Retired). July of 1954, the Western Development Division was acti-

While some of the speakers used the occasion vated and began the race with the then Soviet Union to
address current and future challenges, the bulk of tHeld an operational ICBM. The following month, then
speakers offered aspects of their personal experieBrdy. Gen. Bernard Schriever assumed command of the
that helped illuminate the pivotal roles of the earlyWestern Development Division. In October 1954, the
space and missile pioneers. ICBM Scientific Advisory Group recommended integrat-

For example, in establishing a historical frameworing space and missile programs under the Western
for the early pioneering success, Maj. Gen. Ham&evelopment Division. Finally, in November of that piv-
opened the panel by explaining that the post-Worlatal year, the Air Force issued the requirement for weapon
War Il era was ea very different worldZ from what thesystem 117-L, to develop a reconnaissance satellite pro-
panel audience knew today. gramZ

*As the Cold War was developing, f we saw the <But 1954 was just the start of Air Force space and
development of technologies that were able to underpimissiles,Z Klotz continued. *In those early years, the Air
our strategic nuclear deterrent and global stability foForce fielded numerous research and development sys-
nearly half a century,Z he said. tems, many of which evolved into operational systems.

pue
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