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Preface
On Friday, November 18, 1995, a group of present and former
industry and Air Force of¤cials gathered for a black-tie event at the Los Angeles Airport Marriott Hotel. The event was a twenty-¤fth anniversary gala
in celebration of the Defense Support Program (DSP).
The DSP satellites that had been launched into orbit for the previous
twenty-¤ve years could detect the infrared emissions of missile plumes from
their stations 22,300 miles above the earth. They would have provided the
¤rst warning of a possible Soviet missile attack (as well as a means of con¤rming the accuracy of subsequent radar reports that missiles were headed
toward the United States). By eliminating U.S. reliance on a single means of
warning and extending the warning time that U.S. leaders would have in the
event of a Soviet attack, they represented one of several technological achievements that had helped stabilize the precarious U.S.–Soviet nuclear standoff
during the 1970s and 1980s.
The evening began at 6:00 p.m. with cocktails, followed by dinner. The
attendees had been scheduled to hear a 9:00 p.m. address by General Thomas
S. Moorman Jr., the Air Force vice chief of staff. Moorman had served in a
variety of intelligence and reconnaissance assignments since joining the Air
Force in 1962, including a stint as the staff director of the supersecret National Reconnaissance Of¤ce. More recently, in 1990, he had become commander of the Air Force Space Command, whose responsibilities included
operating the DSP satellites.
Moorman was to be there to praise the DSP program. However, many
of those who had been involved in that program were not happy about either
his prospective presence or the event’s focus. Some felt the anniversary event
slighted the contributions of those involved in the Missile Defense Alarm
System (MIDAS) and 461 programs, DSP’s forerunners. Others were displeased at Moorman’s presence, for they felt he had been among key Air
Force of¤cials who were denigrating the capabilities and accomplishments of
DSP, in order to push for a new, costly infrared satellite program.
Because of events in Washington, Moorman never made it to the dinner. But the schisms that revolved around the event, including Moorman’s
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planned address, represent part of the history of MIDAS and DSP—one of
intense debates, disagreements over technical feasibility and proposed programs, and, at times, hard feelings.
America’s Space Sentinels: DSP Satellites and National Security tells that
story. But it also tells several other, far more important, stories. One of these
concerns the creation and evolution of the MIDAS/DSP programs, which
has involved design of the original satellites and sensors, the establishment of
the original ground stations and subsequent ¤xed and mobile terminals, improvements in the sensors carried on the satellites, and upgrades of the ability
to process and disseminate the data collected.
The consequences of these improvements and upgrades have included
more accurate estimates of missile launches and impact areas, the reduction
in coverage gaps (some of which resulted from changes in foreign missile capabilities), as well as the ability to employ DSP in support of theater con®icts
such as Operation Desert Storm. In the near future the DSP system will be
replaced by the Space-Based Infrared System (SBIRS), whose satellites will
have different infrared sensors and a greatly reduced dependence on overseas
ground stations.
As will become clear, much of the evolution of the U.S. satellite early
warning system has occurred in response to changes in the international political and military environment, as well as changes in U.S. strategic policy.
Thus, the development of improved sensors and mobile ground terminals
was the direct result of a shift in U.S. strategic nuclear policy initiated by
the Carter administration and vigorously pursued by the Reagan administration. More recent changes, such as the Air Force Attack and Launch Early
Reporting to Theater (ALERT) and Army-Navy Joint Tactical Ground Station (JTaGS) programs, are the product of a world in which intermediaterange ballistic missiles (IRBMs) ¤red by Iraq, Iran, or North Korea, with
their short ®ight times and theater targets, are considered a more pressing
threat than intercontinental ballistic missiles (ICBMs) sitting in Russian or
Chinese silos.
The history of the DSP program also serves as a case study of a system
that performs well beyond expectations. It is not simply that DSP satellites
exhibited far greater lifetimes than had been expected as well as greater accuracy in identifying the location of missile launches, even prior to sensor
upgrades. DSP satellites also proved to be valuable in a variety of missions
beyond their primary mission of detecting Soviet or Chinese intercontinental or submarine-launched ballistic missiles and their secondary mission of
monitoring nuclear detonations in the atmosphere.
DSP satellites, even the earliest generation, would prove useful in detect-
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ing and monitoring the launch of IRBMs (such as Scuds), detecting aircraft
®ying on afterburner, monitoring the movements of other spacecraft, and
providing data on events such as explosions at weapons depots, airplane
crashes, the detonation of meteorites in the atmosphere, and raging forest
¤res. Some DSP capabilities are only now beginning to be fully exploited.
When a system proves to be so versatile and able to satisfy the data requirements of a much wider range of consumers than anticipated, complications can arise; this, in fact, did occur with DSP. More customers can produce fear on the part of the system “owner” (in DSP’s case, the Air Force)
that the system will be diverted to other missions and compromise the original, primary mission. As a result, the owner may prove reluctant to see the
system’s capabilities fully exploited. Thus, the Air Force was uninterested
when one of the DSP contractors suggested employing DSP data to detect
the movements of Soviet Back¤re bombers that might threaten the U.S. ®eet.
Years later, the Air Force was also concerned that Army and Navy involvement in the DSP program might dilute DSP’s primary mission of warning of
Soviet missile launches.
The DSP’s history also illustrates how such a program, because of the
need to locate ground stations on foreign territory and the value of the data
produced to other governments, can play a role not only in U.S. foreign relations but even in the domestic politics of a number of governments. A ground
station may become a target for protesters and a national political issue, which
the host government may seek to manage through a policy of secrecy. Issues
concerning the host government’s role in ground station operations may become a point of contention between the host and guest. At the same time, the
strategic relationship with the host government may grow stronger—both because the need for a ground station allows the host government to successfully negotiate for a greater role in the program and because it becomes dependent on the data. Eventually, the guest government may seek to avoid the
vagaries of depending on a foreign host.
A program such as DSP may also play a role in relations with nations that
have no formal role in the program. The data produced by DSP may be offered by the United States as an inducement to other nations to pursue programs such as theater missile defense, or demanded by allies (such as Israel)
who see it as an important means of reducing their vulnerability to missile
attack. Thus, the history of the DSP can broaden a reader’s understanding of
subjects such as the impact of policy decisions and a changing international
environment on weapons and space systems development, the impact of competing bureaucratic interests and priorities on the chances of fully exploiting
a warning/intelligence system such as DSP, and the signi¤cant role a rela-
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tively unknown program such as DSP can have in relations with a number
of nations.
But aside from its implications for such issues, the history of DSP is important because DSP was an important space program during the Cold War
and remains one in the post–Cold War era. As noted, it added stability to the
U.S.–Soviet strategic relationship by improving U.S. warning capability. In
addition, it has enhanced U.S. intelligence capability with respect to foreign
missile and nuclear programs, played a significant role in Operation Desert
Storm, and is, to an increasing extent, being enlisted in the causes of disaster
relief and prevention as well as scientific exploration.
* * *
Since 1999, the history and evolution of the DSP and SBIRS programs have
added to the lessons that could be drawn from the programs’ earlier years
and have also provided additional lessons.
DSP’s employment for a multitude of functions beyond the detection of
strategic missile launches and atmospheric nuclear detonations became an
accepted and valued part of its capability. As a result, those capabilities—including detection of theater missile launches, the detection of military and
nonmilitary infrared events on the surface of the earth (such as aircraft flying
on afterburner, forest fires, and detonations), and the monitoring of orbiting
space systems—have become standard elements of the SBIRS mission.
The last few years of the DSP program, whose launch history concluded
with DSP Flight 23 in 2007, also demonstrated the fragility of space systems,
and how failure in orbit can quickly turn an extraordinarily sophisticated piece of
hardware into little more than a piece of space junk. Such failures, coming at the
end of a program, and after a decision to close down the production line, put additional pressure on the successor program to deliver its first spacecraft on time.
Unfortunately, SBIRS provided one of the primary examples of some of
the problems plaguing several of America’s national security space programs
at the end of the twentieth century and the beginning of the twenty-first.
Those problems included the expansion of requirements to satisfy potential
customers seeking SBIRS data and an undisciplined requirements process
that caused the continual addition of requirements long after the spacecraft
entered the development phase.
Such problems helped kill another key national security space program,
the electro-optical component of the National Reconnaissance Office’s
Future Imagery Architecture. SBIRS was almost another casualty, but it
survived; as of early 2012, it has produced two highly elliptically orbiting
payloads and one geosynchronous satellite. But it will still be several years
before SBIRS has completed the takeover from DSP and before it will be
possible to judge the extent of the program’s success.
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ONE

Bad News Travels Fast
From September 8, 1944, to March 27, 1945, over a thousand
German V-2 (Vengeance Weapon Number Two) missiles landed on London,
killing and injuring thousands. The V-2, which had been known as the A-4
until renamed by Joseph Goebbels’s Propaganda Ministry, was only one of a
number of German missiles that had reached various stages of design, testing,
or production before the Nazi Reich crumbled in May 1945.1
Nazi Germany’s ultimate failure in the war did not prevent either the
United States or the Soviet Union, allies on their way to becoming adversaries, from appreciating the accomplishments of German scientists in the aviation and missile ¤elds—or from seeking to acquire their future services as
well as the results of their wartime endeavors.2 The U.S. Army had to move
quickly, for many of the key sites in the German missile program were located
in what would be the Soviet zone of occupation. The U.S. Army Ordnance’s
Special Mission V-2 had managed to determine the location of the archive for
Peenemunde, the German missile research and development center, located
on the Baltic. On May 27 U.S. Army trucks hauled away fourteen tons of
documents. The United States also acquired parts for 100 V-2s, as well as
Wernher von Braun and other scienti¤c talent.3
German missile facilities located in the Soviet occupation zone included,
in addition to Peenemunde, the Zentralwerke V-2 assembly facility and the
Mittelwerke Gmbtl production plant in Thuringia. In its march through
Poland, the Red Army had captured a facility at Lehesten, where the Nazis
had conducted missile ®ight tests and static test ¤rings of V-2 rocket engines.4
With the potential value of such facilities in mind, the Soviets sent scienti¤c intelligence teams to investigate. A 1944 visit to Poland by Soviet missile
experts was followed, beginning in 1945, by a more extensive effort. The Soviets sought to collect as much V-2 hardware and as many launch facilities,
blueprints, engineers, and technicians as possible.5
In September 1945 Sergei Korolev arrived in Germany to join the effort.
Korolev was a rocket scientist who had fallen victim to Stalin’s reign of terror,
having been sentenced to ten years’ imprisonment in September 1938 for his
alleged subversion of military projects. After about a year of forced labor in
1
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the bleak arctic gold mines at Kolyma, he had been transferred to a sharaga,
a penal institution for engineers and scientists who worked on military projects while serving their sentences.6
Like many scientists in the Soviet Union and the United States who
would pioneer the development of ballistic missiles and satellites, Korolev had
become engrossed in the romance of space and rocketry as a youngster. He
had been inspired by the work of Konstantin E. Tsiolkovskiy, who wrote of
spaceships and interplanetary travel, and became one of the leaders of the
rocket enthusiasts who formed the Moscow-based Group for the Investigation of Jet Propulsion (GRID).7
Korolev and his fellow Russians were disappointed by what they found at
Peenemunde. The Germans had stripped the center of much of its equipment
when they evacuated the facility in early 1945, while the forces defending it
had blown up many of the buildings. In addition, the invading Soviet forces
had already made off with some of what was salvageable.8
What Korolev and the Soviets could not get from the remains of the German facilities they hoped to get from the scientists who had worked there.
In the spring of 1946 they selected Helmut Groettrup, who had served as
the liaison between the guidance development unit of the Wehrmacht’s rocket
program and the staff of program head Walter Dornberger, as the director
of the German contingent. By September 1946 the 5,000 personnel under
Groettrup and Korolev’s guidance had produced a V-2 variant, designated the
R-1 by the Soviets. Its range was about 167 miles, only marginally greater
than that of the V-2.9
In the early morning of October 22, 1946, only hours after a symposium
to consider German suggestions for further missile development, the Soviets
abruptly deported all of the important missile specialists to the Soviet Union,
along with their families and some household goods. Thousands of other specialists from the eastern zone were also relocated. In addition, the Soviets
brought along the Nazi missile plants, some V-2 rocket engines, and blueprints and engineering studies for other advanced long-range weapons.10
After arriving in Moscow on October 28, a small number of scientists,
including Groettrup, were settled about thirteen miles north-northeast of
central Moscow, near Kaliningrad, where Scienti¤c Research Institute-88
(NII-88) had been established. About 175 of the German scientists were
shipped off to the institute’s Branch 1, on Gorodomyla Island in Lake Seliger,
approximately 150 miles to the northwest of Moscow.11
The Germans would be employed to help the Soviet Union move far
beyond the capabilities embodied in the V-2s. On March 14, 1947, Soviet
Premier Georgi Malenkov told a meeting of aircraft and rocket designers that
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“we cannot rely on such a primitive weapon; our strategic needs are predetermined by the fact that our potential enemy is to be found thousands of
miles away.”12
The next day, at a Politburo–Council of Ministers meeting, Soviet dictator Josef Stalin observed: “Under Hitler, German scientists have developed
many interesting ideas. . . . a rocket [with intercontinental range] could
change the fate of the war. It could be an effective strait jacket for that noisy
shopkeeper, Harry Truman. We must go ahead with it, comrades. The problem of the creation of transatlantic rockets is of extreme importance to us.”13
A few months later, work at NII-88 came to a halt when several German
experts were ordered, without warning, to board a train. A week later the
train arrived near Kapustin Yar, a small village southeast of Moscow, on
the banks of the Volga River, which became the ¤rst Soviet ballistic missile
test range. Awaiting their arrival were several thousand engineers from the
Red Army as well as Soviet military of¤cers. The Germans were to assist in
test launches of the ¤rst R-1s. The ¤rst successful R-1 launch, in October
1947, landed a substantial distance from the intended target. By that time the
Soviets were also at work developing the R-2, which had a projected range of
365 miles.14
In July 1949 Korolev was summoned to a meeting in Stalin’s of¤ce to
discuss the future of the missile program. Stalin’s focus was still on a missile
with a far greater range than that of the R-1 or R-2; he told the rocket designer, “We want long, durable peace. But Churchill, well he’s warmonger
Number One. And Truman, he fears the Soviet land as the devil’s own stench.
They threaten us with atomic war. But we’re not Japan. That’s why . . . things
must be speeded up!”15
As part of that process a new missile program was initiated in 1950,
one that involved three distinct designs. One was the R-3, a seventy-¤ve-ton
missile with a range of 1,860 miles. Although it could not reach the United
States, it was conceived of as the ¤rst Soviet strategic missile, with the ability
to reach American bases in England, Japan, and elsewhere.16
Stalin’s death in March 1953 was followed by a general reevaluation
of strategic weapons programs. At a summer 1953 meeting, attended by
Vyacheslav A. Malyshev, head of the nuclear weapons program, and Dmitriy
Ustinov, director of the strategic missile and bomber program, Korolev suggested that the R-3 program be canceled because of the missile’s limited
range. What was really required, he argued, was a missile with a range of
4,200 to 5,000 miles, which thus would be capable of delivering a nuclear
warhead to U.S. territory. By this time, studies concerning the feasibility of
such missiles had been under way for several years.17
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Despite initial opposition to Korolev’s suggestion, a study of his proposal
led to approval, in May 1954, of a program to begin development of the
Semyorka, or R-7 intercontinental ballistic missile (ICBM), which would be
designated the SS-6 SAPWOOD by the U.S. intelligence community. Along
with the new missile program the Soviets decided to construct a new and
more intricate test center, choosing a site they code-named Tashkent-50, near
the Tyuratam railroad station in the Kazakhstan desert.18
The ¤rst static test ¤rings of the R-7 engines began in February 1956.
After several postponements the ¤rst launch was ¤nally scheduled for March
1957. Liftoff would ¤nally take place on the third attempt, on May 15, 1957.
But at T+50 seconds, the missile exploded over the test range.19
On August 21, 1957, several weeks after a U.S. Atlas missile test had
ended in failure, another in a long line of failures, an R-7 lifted off from its
Tyuratam launchpad and made a successful journey to the Paci¤c Ocean. All
systems worked properly, resulting in the ¤rst ®ight of an ICBM. The missile’s dummy warhead splashed down in the Paci¤c, after a journey of about
4,000 miles. On August 26 TASS, the of¤cial Soviet news agency, announced
the August 21 test and observed that “a super-long-range multi-stage intercontinental ballistic rocket” had been successfully tested, demonstrating that
“it is now possible to send missiles to any part of the world.” A second successful test followed on September 7.20
Even before the ¤rst successful tests, Soviet ICBMs were operational politically. Beginning in 1955, First Secretary Nikita Khrushchev denigrated
the capabilities of bombers, in which the United States had a signi¤cant advantage, and praised the utility of missiles. In a December 29, 1955, speech,
Premier Nikolai Bulganin boasted of Soviet successes in missile development.
Less than two months later, foreign ministry of¤cial Anastas Mikoyan asserted that, using planes or missiles, the Soviet Union could deliver a nuclear
weapon to any point on earth. During his April 1956 state visit to Britain,
Khrushchev claimed that the Soviet Union would soon have “a guided missile with a hydrogen warhead that can fall anywhere in the world.” Later that
year, in response to the British-French-Israeli invasion of Egypt, Khrushchev
“rattled his rockets.”21
The Soviet military was also trumpeting the value of missiles and discussing the strategy for their use. In his speech on Soviet military accomplishments to the Twentieth Party Congress in 1956, Defense Minister Georgi K.
Zhukov referred to long-range and “mighty” missiles. Between July 1955
and December 1956, the number of Soviet technical personnel assigned
to research and development programs increased by almost 25 percent. A
1957 Soviet article cited three advantages that would accrue to the owner of
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ICBMs: the missiles could be used with mobile launchers; they could operate
under all weather conditions and cut through air defenses; and they would be
capable of launching surprise attacks from concealed positions.22

While Soviet scientists had been developing and testing their
missiles, and Soviet leaders talked of rocket warfare, the U.S. intelligence
community had been investigating, wondering about, and attempting to project the course of the Soviet missile program. In the early 1950s very little
concrete information was available. Colonel Georgi Tokaty-Tokaev, deputy
chairman of the Soviet state commission on missile production, had defected
in 1948 and was debriefed shortly afterward. There were also the German
scientists who had been repatriated. In 1954 a U.S. listening post in Turkey
began intercepting signals from Kapustin Yar. But that was about all.23
The October 1954 National Intelligence Estimate (NIE) entitled Soviet
Capabilities and Probable Programs in the Guided Missile Field re®ected the
sparse sources of information. Its authors noted that “we have no ¤rm current intelligence on what particular guided missiles the USSR is presently developing or may now have in operational use.”24 However, based on evidence
concerning Soviet interest in missile development, including the exploitation
of German experience in the area, Soviet capabilities in related ¤elds, and
several other factors, U.S. intelligence concluded:
We believe that the USSR, looking forward to a period, possibly in the
next few years, when long-range bombers may no longer be a feasible
means of attacking heavily defended US targets, will make a concerted
effort to produce an [ICBM]. In this event it probably could have ready
for series production in about 1963 (or at the earliest possible date in
1960) an [ICBM] with a high yield nuclear warhead.25
Over the next few years, additional intelligence was obtained from new
aerial and ground collection operations. A British Canberra photo reconnaissance aircraft had over®own Kapustin Yar by 1955. Further coverage was obtained after U-2 over®ight missions began in 1956. An intercept station at
Peshawar, Pakistan, began operations in 1957, with Tyuratam as one of its
targets. That same year an over®ight of Tyuratam produced a picture of an
ICBM on its launchpad.26
On March 12, 1957, the Intelligence Advisory Committee (IAC) approved a new NIE on Soviet missiles, relying on these sources of information.
The estimate predicted that the Soviets might have an ICBM ready for operational use by 1960 or 1961.27
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The tests of August and September provided additional data for the U.S.
intelligence community to study. As a result, the forecast for Soviet missile
development, contained in NIE 11-4-57, published on November 12, 1957,
advanced to 1959 (“or possibly even earlier, depending upon Soviet requirements for accuracy and reliability”) the date at which the Soviets could attain
a marginal missile capability with up to ten ICBMs in the ¤eld. The estimate
assumed the missiles would have a maximum range of 5,500 nautical miles
and a 50 percent chance of landing within 5 nautical miles of the target.28
But virtually before the ink on the new NIE had dried, the Soviet Union,
on October 4, 1957, placed the earth’s ¤rst arti¤cial satellite, Sputnik (“Traveling Companion”) into orbit. The satellite weighed only 184 pounds, but it
was substantially heavier than the 3.5-pound Vanguard, America’s ¤rst satellite-to-be, and had a traumatic effect on the American public. Even sophisticated scientists were moved to expressions of panic. John Rinehart of the
Smithsonian Astrophysical Observatory announced, “No matter what we do
now, the Russians will beat us to the moon. . . . I would not be surprised if
the Russians reached the moon within a week.” Edward Teller, a father of the
H-bomb, declared on national television that the United States had lost “a
battle more important and greater than Pearl Harbor.”29
Some prominent senators, including Henry M. Jackson of Washington
and Stuart Symington of Missouri, were also alarmed. To Jackson, Sputnik
was “a devastating blow to the prestige of the United States.” Symington
urged President Dwight Eisenhower to call a special session of Congress. In
a telegram to Richard Russell, chairman of the Senate Armed Services Committee, Symington called Sputnik “proof of growing Communist superiority
in the all important missile ¤eld.” Russell agreed, telling his Georgia constituents that the “Russians have the ultimate weapon—a long range missile
capable of delivering atomic and hydrogen explosives across continents and
oceans.” 30
Compounding the fear, Sputnik II, weighing 1,121 pounds, was orbited
on November 3; it carried research instrumentation and a living dog. The
Soviets also orbited the entire second stage of the booster, bringing the total
package in orbit to 4,000 pounds. The launchings seemed to reinforce the
warning of the 1957 report of the Security Resources Panel (a subcommittee
of the Scienti¤c Advisory Committee of the Of¤ce of Defense Mobilization)
that the Soviet Union had “probably already surpassed” the United States
in ICBM development and that the Strategic Air Command (SAC) bomber
force was threatened by the prospect of an early Soviet ICBM capability.31
A Special National Intelligence Estimate (SNIE) was commissioned in
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the wake of Sputnik, completed in December 1957, and approved by the IAC
on December 17. The SNIE concluded that the “USSR is concentrating on
the development of an ICBM which, when operational, will probably be capable of carrying a high-yield nuclear warhead to a maximum range of about
5,500 nautical miles.” The estimate also predicted that the Soviets would
probably have an initial operational capability of up to ten prototype ICBMs
between mid-1958 and mid-1959. Within a year after achieving that initial
capability, it could have 100 operational ICBMs, and 500 about one or two
years after that.32

In the early 1950s, before the missile threat really arrived, the
United States began a series of projects to allow detection of attacking Soviet
bombers. In 1952, work on the Pinetree Line of radars in Canada commenced. In February 1954 President Eisenhower approved the Distant Early
Warning (DEW) Line project. Construction of the radars began in the spring
of 1955 and ended early in 1957. These ground-based radar systems would
provide the SAC with one or two hours’ tactical warning of any approaching Soviet bombers.33 But one or two hours of warning that Soviet missiles
had been launched would not be available. Only thirty minutes after the missiles left their launchpads, their warheads would detonate on U.S. soil. Maximum warning required placing detection systems where they could provide
the earliest possible warning.
On January 14, 1958, in reaction to the Sputnik launch, Secretary of Defense Neil H. McElroy approved construction of the Ballistic Missile Early
Warning System (BMEWS). BMEWS would consist of large ground-based
radars at Clear, Alaska; Thule, Greenland; and Fylingdales Moor in Yorkshire,
along with a complicated system of rearward communication lines to bring
the information to commanders in the United States.34
But even before the Sputnik launch, concern over obtaining adequate
warning of a Soviet missile attack had led to the investigation of the possibility of detecting missile launches even earlier than radars could manage—via
heat generated by the missile and the infrared emissions of missile plumes.35
In 1948 J. A. Curcio and J. A. Sanderson of the Naval Research Laboratory
produced a report that discussed the use of lead sul¤de detectors to distinguish the infrared signal from the rocket motor plume. In 1955 two RAND
Corporation scientists, Sidney Passman, an expert on infrared technology,
and William Kellogg, an expert on high-altitude earth observation, commented:
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It appears to be a basic characteristic of an ICBM that aerodynamic heating causes it to get hot during takeoff and even hotter during re-entry
into the atmosphere. Since hot metal is a good emitter of infrared radiation, it would be expected that the missile could be detected by infrared
detectors during its ®ight through the atmosphere. The emission of infrared radiation by the rocket ®ame during the boost stage further increases
this expectation, with the added possibility that there may be enough radiation to permit infrared detection during that part of the powered
®ight which occurs above the atmosphere.36
The RAND experts explored techniques for detecting ICBMs during
and after their boost phase, including a ®eet of “picket airplanes” that would
patrol the Soviet periphery in search of missile launches.37 There was, however, according to Kellogg and Passman, a serious problem with any plan to
use aircraft for the infrared early warning mission. Because of the curvature
of the earth, much of the boost phase would be unobservable. There would
then be a serious risk of detection failure once the powered phase of the missile’s ®ight had ended. Kellogg and Passman noted that
during the early stages of the [ICBM] takeoff there is more than enough
infrared emission, but the earth gets in the way. . . . After burnout there
is not nearly enough infrared signal to give detection at any useful
range. . . .
The ¤gures . . . lead one to speculate on the increased warning time
and perhaps more accurate trajectory prediction that might be possible
by getting around this geometrical limitation with a very-high-altitude
search station—perhaps with a satellite-borne infrared search set.38
In June 1956 the Air Force selected Lockheed’s Missile Systems Division
to build a military photographic reconnaissance satellite. Lockheed also proposed a number of additional systems, such as electronic and weather reconnaissance satellites, largely following suggestions made by RAND experts
since the late 1940s. Joseph Knopow, a young Lockheed engineer, proposed
using a satellite equipped with an infrared radiometer and telescope to detect both the hot exhaust gases emitted by long-range jet bombers and large
rockets as they climbed through the atmosphere.39
Such thinking was the motivation for Lockheed’s proposal for a constellation of accurately positioned polar orbiting satellites, which would sweep
over the vast Sino-Soviet land mass and instantly report any detection of missile launches to one of three strategically located ground stations. If the idea
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proved workable, satellites equipped with infrared “eyes” would signal the
departure of large rockets as soon as they left their launchpads.40
Two individuals who played an important role in persuading military
of¤cials of the feasibility and value of such a system were Colonel William G.
King Jr. and Lieutenant Colonel Quentin Riepe of Detachment 1 of the Air
Research and Development Command (ARDC). They frequently traveled
from their Wright Field, Ohio, headquarters to espouse the potential of satellites for reconnaissance and surveillance to often skeptical Air Force of¤cers.
In addition, the work of Kellogg and Passman “had captured the attention
of various science advisory committees” and created support for an infrared
warning satellite.41
As a result, before the end of 1957, Lockheed’s proposal became Subsystem G of Weapons System 117L (WS-117L), the overall Defense Department space-based reconnaissance and surveillance program. WS-117L consisted of three programs: the SENTRY radio-return reconnaissance satellite
project, the Discoverer experimental satellite (which served as a cover for the
Central Intelligence Agency’s (CIA’s) CORONA ¤lm-return reconnaissance
satellite project), and Subsystem G.
Although Lockheed would be the prime contractor for the spacecraft,
it would not design the critical payload. Among the companies Lockheed
turned to was Aerojet-General of Azusa, California, which had been formed
in 1942 by California Institute of Technology scientist Theodore von Karman
and four associates. Aerojet had been involved in the development of rockets
and in studying the possible infrared detection of ballistic missiles for a number of years (and had provided some of the data that had been used by Curcio
and Sanderson). By the end of 1956, a number of scientists and engineers
who would be heavily involved in the infrared detection program in the years
ahead had joined the staff.42
Subsequent to the October Sputnik launch, Aerojet received a follow-on
contract. But Aerojet would not be alone in trying to design a suitable spaceborne detection system. Its competition came from Baird-Atomic of Cambridge, Massachusetts. Of course, at that time it had yet to be demonstrated
that a reliable payload could be designed by anyone. It would be several more
years before the issue would be settled.
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