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Jet Missiles Developed During World War II

Test flight of the JB-2, an American copy of the German V-I.

A static test firing of the JB-2 guided missile at Eglin Field, Florida,
November 1944.
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As an alternative to the JB-2, the AAF developed a "flying wing"
missile-the JB-l.

~

The JB-I0, an improved version of the JB-l, being prepared for a test
night at Eglin AFB.
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The JB-3, among the most promising missiles at the end of World War II.

Lt. Gen. Barney M. Giles,
Chief of the Air Staff,
AAF, advocated mass
production of the JB-2.
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BALLISTIC MISSILES

of the nation, had to be prepared to repel all attacks-Iand, sea, and air.
Hence, the AAF should have unlimited freedom to obtain any type of
weapon, whether aerodynamically sustained or self-propelled in flight.24

Norstad's statement came before the General Staff and, in February
1946, led Gen. Dwight D. Eisenhower, the new Army Chief, to order a
review of the McNarney Directive. General Spaatz again recommended
assigning all missile development to central AAF control. He argued that
missiles required autopilots, remote control devices, and airfoils-all items
developed and procured by the AAF. Moreover, continuing War Depart-
ment disagreement in the missile field might result in an uncontested victory
for the Navy. Ordnance, however, adamantly refused to relinquish its
interest in developing missiles maneuverable in flight.

The AAF then offered to prepare military characteristics for all
air-Iaunched missiles and for those surface-Iaunched missiles employed in
strategic and air defense missions, whereas the AGF would prepare state-
ments for all close support and unguided air defense missiles. Therefore, the
AAF would develop all missiles controllable in flight and the ASF would
govern in the area of non-controllable missiles. Under the proposal, each
organization would use the technical capabilities of the other. Both would
encourage joint contracting and submit missile projects to the New Devel-
opment Division in order to avert duplication. The AAF planned to

Gen. Joseph T. McNarney.
In October 1944, as Army
Deputy Chief of Staff, he
assigned the AAF
responsibility for
developing all air-Iaunched
missiles and certain
surface-Iaunched missiles.
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Gen. Henry H. (Hap)
Arnold, Commanding
General of the Army Air
Forces.

demonstrate its abilities through a 1,OOO-mile remote-controlled flight of a
B-29 aircraft nicknamed Project Banshee.2s

General Spaatz .submitted the AAF proposal in April 1946, but
because of the pending War Department reorganization, it was delayed for
some time before being rejected. Maj. Gen. Henry S. Aurand, an Ordnance
officer who was named the Army General Staff's Director of Research and
Development in the summer of 1946, expressed the view that missiles were
basically rockets. He reasoned that, since the AAF was concerned with
pilots, it had a dubious claim on the missile field.26 Although AAF leaders
acknowledged the primacy of flying, they also recognized that "the
1ong-range future of the AAF lies in the field of guided missiles." 27

The AAF-Navy rivalry had its roots outside the missile arena in
long-standing controversies concerning roles and missions. The Navy's air arm,
for example, served as a major irritant, contradicting the AAF's doctrine of the
indivisibility of air power. The AAF also considered the Navy a serious threat
to its air defense and strategic bombardment missions. Conversely, the Navy
resented the AAF's monopoly on delivering the atomic bomb and the challenge
it posed to the future of sea power. At the close of World War II, however,

*He succeeded General Arnold as Commanding General, AAF on March 1, 1946.
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Dr. Theodore von
Klirmlin, scientific adviser
to the AAF on missiles
and technology.

Meanwhile, after readjusting its missile organization at the end of
1944, the Air Staff conducted a complete review of the existing guided
missile program, surveying all of the available information on design,
construction, and the availability of test facilities. Early in 1945 the
Assistant Chief of Air Staff, Operations, Commitments, and Requirements
concluded that missile development was hampered by a lack of suitable
statements of military requirements. There also had been a tendency to label
virtually all missiles as "urgent," with the result that the Air Technical
Service Command. did not know where to focus its attention. Over the next
several months, in an attempt to solve these problems, the Operations,
Commitments, and Requirements office established requirements for
guided missiles, t set realistic completion dates, and promoted the construc-

tion of additional wind tunnel and test facilities. Believing that guided
missile goals exceeded technical capabilities, the Air Staff asked the
command to formulate a plan that divided missiles into two groups: those
that could be developed immediately and those expected to be completed
within five years.39

* On August 31, 1944, Materiel Command and Air Service Command were combined into

the Air Technical Service Command.
tMindful of the AAF versus AGF-ASF rivalry over roles and missions, the Operations,

Commitments, and Requirements office blanketed its requirements over the entire missile field
in an attempt to strengthen the AAF's position.
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Dr. Robert H. Goddard stands beside his liquid-fuel rocket prior to its
historic launch on March 16, 1926, at Auburn, Massachusetts.

























Test-firing of an MX- 774 at White Sands Proving Ground, New Mexico.
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BALLISTIC MISSILES RESEARCH

Vannevar Bush, head of
the Joint Research and
Development Board.

issue. The AAF sought to gain exclusive control over all missile develop-
ment, while the Navy favored the creation of a national program to silence
critics of the military's handling of missile projects. The Army leadership
sided with the Navy, and on April I, 1946, the two service secretaries issued
a joint statement supporting a comprehensive national guided missile
program, including joint procurement, testing, and training. Despite this
declaration, interservice conflicts over development responsibility contin-
ued, and no national program was implemented.36

Two months later came a further step toward interservice program
management. On June 6, 1946, the Joint Research and Development Board
(JRDB) was chartered with Vannevar Bush, the wartime head of OSRD, as
its chairman. The JRDB formed a Committee on Guided Missiles in
August, and two weeks later the JCS dissolved its GMC. Composed of two
Army and Navy representatives and three civilians, the JRDB missile
committee reflected the partisan tendencies and vested interests of its
members.

During its existence the committee resisted attempts to apportion
missile projects among the contending services. Wherever possible, the
committee avoided controversy and sought compromise. Consequently, the
committee concentrated on reviewing and questioning technical approaches
pursued on various projects. Given an uninterested JCS and a weak JRDB,
it was inevitable that the services would exploit the situation, unconcerned
with accountability. The only restraint on service duplication and waste, it
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the development area. He reasoned that, although more than one service
might demonstrate a legitimate requirement for a missile, it was not
necessary for all the services to develop that missile. When asked how it
hoped to avoid the duplication inherent in the GMC's proposal, the RDB
responded in August 1950 with a review of all its weapons policies, not just
missiles. Thus, after five years the problem of missile development respon-
sibility remained unsettled.43

In December 1949, with the question of budget cuts still unresolved,
Johnson assigned Air Force Secretary W. Stuart Symington to conduct a
detailed review of all Department of Defense (DOD) missile projects and to
propose a joint services missile program. Symington formed the Special
Interdepartmental Guided Missiles Board (known as SIB or SIGMB) with
his assistant, Harold C. Stuart, as its head.

The Stuart Board was stymied from the first by the issue of opera-
tional responsibility. The Air Force charged that the Army and Navy were
illegally developing surface-to-surface missiles with ranges beyond 500
miles. Properly, these missiles belonged in the strategic class and, therefore,
to the Air Force. The services also traded accusations of unwarranted
duplication and waste, with the Air Force noting the Navy's development of
three air-to-air missiles as gross examples, while the Army and Navy

Secretary of Defense
Louis A. Johnson.
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Harold C. Stuart,
Assistant Secretary for
Civil Affairs, headed the
Special Interdepartmental
Guided Missiles Board.

characterized the Air Force's Snark and Navaho surface-to-surface projects
as wasteful and costly. The Air Force proposed that each service be limited
to developing only one missile in any category in which it had operational
responsibility. Had this policy been adopted, it would have reduced the
entire national missile program to thirteen projects.44

When finally completed in January 1950, the Stuart Report was a
complex document containing long lists of disagreements. The services
agreed on only two points: (1) the operation of a missile range by each
service, which would be used jointly; and (2) the desirability of reestablish-
ing an interdepartmental operational requirements group for guided mis-
siles. The Stuart Report, including comments by the service secretaries, was
submitted to Johnson in February.

The Secretary of Defense was still dissatisfied by the lack of consensus
among the services and considered appointing an outsider to bring order to
the missile program. Stuart Symington, however, persuaded Johnson to
allow the JCS to undertake another review. This time the JCS created a set
of priorities for missile projects that covered weapon development, compo-
nent development, design study, and research study. The JCS also agreed to
conduct annual reviews of the missile program, beginning in September
1950. Finally, it assigned to the Air Force formal and exclusive responsibility

















A Navaho cruise missile
test-Iaunched. The
piggyback arrangement
would be used years later
by the space shuttle.

The Air Force invested heavily in Northrop's jet-propelled, subsonic Snark
missile.
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Saville absorbed into his new office both his former directorate as well as the
Directorate of R&D from the Deputy Chief of Staff for Materiel.

Project MX-1593 Atlas

Following the cancellation of Project MX-774,* in July 1948, the
Guided Missiles Committee of the Research and Development Board urged
the Air Force to continue studying long-range rockets as an expansion of its
work on artificial earth satellites. The Air Force then directed Project
RAND to monitor the field and to recommend initiation when the military
utility of rockets appeared feasible. This event occurred during 1950, and in
December of that year RAND reported that significant advances in rocket
engines and guidance systems made long-range missiles technologically
feasible. Some Air Force officers, however, remained skeptical about what
they labelled as RAND's "highly theoretical" conclusions and proposed to
investigate long-range rockets from an engineering point of view. To that
end the Air Force signed a contract on January 23, 1951, with Convair-the
contractor on the MX-774. The Korean War had prompted increased
military spending, so supplemental FY 1951 funds were available to support
several missile projects.1

First Commander of the
Air Research and
Development
Command-Maj. Gen.
David M. Schlatter.
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Maj. Gen. Gordon P.
Saville was Deputy Chief
of Staff for Development.

Designated Project MX-1593, the Convair effort involved a 2-phase
study. The first phase would decide whether a ballistic rocket or a glide
rocket was preferable for a long-range missile. This 6-month study cost
$500,000 and required Convair to define a vehicle that could carry an
8,000-pound atomic warhead a distance of 5,000 nautical miles and strike a
target with a Circular Error Probable (CEP) of 1,500 feet.* A minimum
speed of Mach 6 over the target was desired. Phase I included (1) a
determination of time and cost to develop both ballistic and glide rockets,
(2) a configuration analysis, and (3) an assessment of problems anticipated
with each type of rocket. An intense study of these problems would be

performed in Phase 11.2
Actually, the RAND reports questioned by the Air Force were not

entirely theoretical. After Project MX-774 was canceled, Convair invested
its own funds in missile research, including the solution of problems related
to pressurized tanks, separation of the warhead (or reentry vehicle) from the
missile airframe prior to reentering the atmosphere, and thrust vector
steering. t Throughout this period Convair's engineers, led by Karel J.
Bossart and William Patterson, lobbied the Air Force to resume sponsoring
research on rockets. Moreover, while the Air Force had canceled MX-774,
it had continued to support Convair's research in missile guidance. As a
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Brig. Gen. John W.
Sessums, Jr., pushed for
accelerated development of
long-range ballistic
missiles.

As Director of R&D on the
Air Staff, Donald N. Yates
advocated a slower
developmental path for the
Atlas missile.
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John A. McCone,
Undersecretary of the Air
Force, believed that guided
missiles deserved a higher
priority.

Secretary of the Air Force
Thomas K. Finletter.

81







The Air Force's Matador short-range missile.
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John R. Sutherland. As a
colonel, he argued against
giving missiles any special
status.

-

written and articulated by Col. John R. Sutherland, Deputy Assistant Chief
of Staff for Operations, Guided Missiles. Sutherland pointed out that since
1946, when Operation Crossroads had demonstrated the utility of atomic
weapons in tactical warfare, the Army had decided to combine atomic
energy with guided missiles as a means of ensuring its continued role as the
"mainstay of U.S. forces." Similarly, the Navy had sought to perpetuate its
strategic role by developing guided missiles in the 2,000-mile range and by
using the necessity for antisubmarine operations as its rationale.56

Sutherland argued that, at the end of World War II, missiles had been
held in awe and regarded as something unique that required special
handling. Since then, he said, the Air Force had come to recognize that
guided missiles were simply another type of aircraft and designated them as
such. "Push button war," Sutherland contended, would not be achieved for
many more years. He believed that the time had come to break down the
needless segregation between aircraft and missiles in the Air Force.57

Lt. Gen. Earle E. Partridge, ARDC's Commander, however, blasted
Air Force Letter 136-3, especially the conclusion that missiles were not

revolutionary weapons. He asked how anyone could not consider a weapon
revolutionary that promised to transport hydrogen bombs over a distance of
more than 5,000 miles. Partridge was convinced that the Air Force should
recognize the fundamental changes that missiles were about to produce.
Rather than integrating missiles within the Air Force organizational struc-
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ture, Partridge called for entirely new assumptions requiring "a realignment
of our thinking." Failure to recognize this truth, he warned, might produce
two divergent schools of thought within the Air Force. "One of these
schools will be small but vigorous and will insist that the job can be done by
the guided missile. The other group, representing the old fogies, will
continue to insist that we adhere to the tried and proven aircraft." Partridge
cited as evidence past military splits that had separated flying and seaborne
elements in the Navy and ground and air elements in the Army.58 Lt. Gen.
Thomas D. White, the Deputy Chief of Staff for Operations, did not revise
Letter 136-3, possibly because he regarded as overriding the threats to Air
Force roles and missions posed by the Army and Navy. White informed
Partridge, "I tore up reply to you. You have some very cogent points." 59

As of mid-1953 the roles and missions controversy still remained unre-
solved. The Army continued to claim that all missiles launched from the
ground belonged in its province, as they were merely extensions of artillery. The
Navy, intent on maintaining its roles and missions, pursued a large number of
missile projects in various areas. For its part, the Air Force firmly believed that
the Army and Navy were bent on capturing Air Force roles and missions.
Everywhere, it seemed, there was evidence of a conspiracy.

For example, procurement of long lead-time equipment for the
Matador apparently was delayed unnecessarily. Approval for the procure-

ARDC Commander Lt.
Gen. Earle E. Partridge
was convinced that missiles
were revolutionary
weapons.
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Harold E. Talbott Oeft) is sworn in as Secretary of the Air Force in a
White House ceremony in February 1943. President Eisenhower (center)
looks on as the oath is administered by Frank K. Sanderson.

of Technology. After the war Gardner had joined the General Tire and
Rubber Company. of California as General Manager and Executive Vice
President. And in 1948 he formed and became President of Hycon
Manufacturing Company, an electronics firm in Pasadena, California.
According to General Doolittle, Trevor Gardner was a "sparkplug," an
active individual who did "a tremendous job in expediting the development
of the missile, in directing funds and brainpower into the missile program."
Also described as "sharp, abrupt, irascible, cold, unpleasant, and a
bastard," Gardner did not endear himself to senior Air Force officers, who
were unaccustomed to taking orders from young, upstart civilians.3

The new Special Assistant immediately assembled a joint services
committee to evaluate all military guided missile projects. In a departure
from past practices, the Gardner Committee chose not to grapple with the
difficult roles and missions issues but addressed only performance consid-
erations. The committee met throughout the summer and fall of 1953 before
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drafting its report. Its recommendations were couched in broad terms,
seemingly to avoid controversy: no promising missile project should be
abandoned; unwarranted duplication should be eliminated; and, where
practical, missiles should be standardized for production and use by all of
the military services.4

Acting on the committee's advice, Secretary of Defense Wilson, in
November, superseded all of the existing missile procurement procedures
that had required approval by the OSD Director of Guided Missiles. (That
office had become defunct with the departure of K. T. Keller in September.)
Instead, Wilson authorized the service secretaries to approve their own
missile programs after coordination with the newly established assistant
secretaries of defense. Donald A. Quarles, Assistant Secretary of Defense
for Research and Development, was impressed with the work of the Gardner
Committee and incorporated the group under his office as the Coordinating
Committee on Guided Missiles.5

While he fully supported Wilson's economy objectives, Trevor Gard-
ner soon concluded that a growing communist threat overshadowed the
need for fiscal restraint. That threat stemmed from several sources, includ-
ing the Korean War; intelligence reports pointing to a Soviet lead in
long-range missile development; and the announcement, in August 1953,
that the Russians had tested a hydrogen device.6

Trevor Gardner, the
young, energetic Special
Assistant for Research and

Development.
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Retired Lt. Gen. James H. Doolittle. As General Vandenberg's Special
Assistant, he recommended forming a nuclear weapons panel on the Air
Force's Scientific Advisory Board.

Simon Ramo, member of
the Teapot Committee and
a chief officer of the

Ramo-Wooldridge
Corporation.
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Head of the nuclear
weapons panel and later
Chairman of the Teapot
Committee-Dr. John von
Neumann.

Change of leadership. Gen. Hoyt S. Vandenberg (right) succeeded Gen.
Carl A. Spaatz (left) as Air Force Chief of Staff in July 1948. Secretary of
the Air Force W. Stuart Symington (center) congratulated both leaders.
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this could be done by the 1958 target date, and doubted that even if
completed on time it would prove reliable. In September 1954 Gardner
called for a comprehensive Snark review to resolve the issue.27

Presuming that the Atlas would remain under its control, rather than
that of a superagency, the Air Force acted to ensure the program's success.
A major supporter of the Atlas program was the Air Force Chief of Staff,
General White, who one observer recalled "lectured the Air Staff on
ballistic missiles-they were here to stay, he told them, and the Air Staff had
better realize this fact and get on with it." On May 14, 1954, General White
assigned Project Atlas the highest Air Force development priority-with the
concurrence of the Secretary of Defense-and directed its acceleration "to
the maximum extent that technology would allow." As earlier indicated, he
vested development responsibility in a special ARDC field office, to be
established on the west coast.28

The decision to speed Atlas development under special managerial and
organizational arrangements forced the Air Staff to reexamine its missile
doctrine, particularly its 1952 assessment that missiles represented "just
another type of weapon"* that it could handle in normal functional fashion.

* See page 89.

Gen. Nathan F. Twining,
Air Force Chief of Staff
(June 1953-June 1957).

106







REORGANIZATION

Assistant Secretary Trevor
Gardner and WOO
Commander Maj. Gen.
Bernard A. Schriever
shared a devotion to
building a strong missiles

program.

Air Materiel Command had first obtained contracting authority in
1950 by delegation from the Secretary of the Air Force. Although AMC
could redelegate this authority, it rarely did. Gen. Edwin W. Rawlings, its
Commander, opposed this practice in principle because he believed that the
previous creation of numerous small, special contracting entities had badly
dissipated scarce Air Force resources. General Brentnall, the Assistant Chief
of Staff for Guided Missiles, agreed with Rawlings's position and conse-
quently approved the collocation of an independent AMC contracting office
with WDD. He informed Schriever, however, that the arrangement would
be scrapped if it proved unworkable.37

The newly created AMC field office was initially designated the
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economical. Trevor Gardner successfully rebutted this claim on the grounds
that parallel development insured against failure and provided a means of
buying time through competition."

The Air Force's decision to establish the Western Development
Division and to hire Ramo-Wooldridge to help manage the ICBM program
caused much resentment throughout the aircraft industry. The industry had
not accepted the Air Force's rejection of the single prime contractor
approach in ICBM development and had exerted heavy pressure to reverse
the decision. General Schriever and his staff repeatedly refuted industry
allegations that ICBM development was being delayed because the Air Force
had injected competition in selecting contractors. The WDD Commander
also countered a rash of industry propaganda "extolling the virtues" of
Convair and General Dynamics while denigrating WDD and R-W.'2

In February 1955 Schriever delivered a stinging ten-page rebuttal of
these allegations, in a memo to Gen. Thomas S. Power, ARDC Com-
mander, which justified his actions and defended the Air Force's manage-
ment technique. He noted that the aircraft industry's primary goals were
"avoidance of strong Air Force system management control" and the
elimination of R-W as a competitor. Reviewing the aircraft industry's

Air Force Secretary Talbott (left) swears in Roger Lewis (right) as Assistant
Secretary for Materiel.
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agency. One major impediment to an acceleration of the ICBM program
was known as the "dispersal policy." .This Eisenhower Administration
policy required that future missile development be conducted away from the
seacoasts-where the airframe and electronics companies were
concentrated-so as to effect a wider national distribution of missile
development and production. The dispersal was also intended to lessen the
vulnerability of these industries to enemy attack. Gardner asked Talbott to
exempt development of the alternate ICBM from the dispersal policy
restrictions, adding that General Rawlings, the AMC Commander, had
agreed to attempt to locate that missile's production facilities in the central
United StAtes.15

Talbott, however, acting on a conflicting directive from President
Eisenhower not to erect new facilities in California, rejected in unmistakable
terms Gardner's recommendation to waive the dispersal policy:

Edwin W. Rawlings. As a
four-star general, he
commanded Air Materiel
Command and managed
missile procurement.
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Hyde Gillette, Air Force
Deputy for Budget, was
the principal author of the
Gillette Procedures.

Members of the Gillette Committee included General Schriever, Gen.
Charles M. McCorkle, Dr. H. Guyford Stever, Richard Homer, Joseph
Hoover, Col. Ray E. Soper, Col. William Rogers, Col. E. N. Ljunggren,
Cot. William Leonhard, Col. Harold T. Morris, Lt. Col. Vincent J. Ford,
Lt. Col. Charles Waldecker, and Maj. E. C. Saltzman. In October the
committee submitted what was officially called the Air Force Plan for
Simplifying Administrative Procedures, or simply the Gillette Procedures.

This document proposed to confirm that WDD alone would be respon-
sible for planning, programming, and directing ballistic missile development in
the Air Force. It also recommended establishing a single level of formal
approval in the Air Force, to be known as the Ballistic Missiles Committee.
Similarly, it called for the creation of a single committee at the OSD level to
exercise ultimate review and decision authority. Overall, the Gillette Procedures
streamlined the review process by cutting the number of reviewing authorities
from forty-two to ten.35 (See Chart 5-3.)

On October 15 Quarles submitted the Gillette Procedures to Deputy
Defense Secretary Reuben B. Robertson, Jr. for approval. Quarles re-
quested that the Air Force be granted expediting authority until the ICBM
attained an emergency, or initial operational capability. (It was expected
that beginning with the production phase, the ICBM would revert to regular
DOD procurement procedures.) 36

OSD approved the Gillette Procedures on November 8 and announced
the creation of an OSD Ballistic Missiles Committee (Chart 5-4). Chaired by
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weapons that were still under development and included activating one or
two operational bases. General White understood the limitations of this
"capability" and fully accepted that "initially, the ICBM will probably
incorporate certain marginal technical features." He assigned the IOC to
the Air Research and Development Command and directed the Strategic Air
Command to "establish the closest possible working relations" with
ARDC. This close relationship was meant to facilitate the later transfer of
the ICBM force to SAC.43

Gen. Curtis E. LeMay, the Commander in Chief of SAC, acknowl-
edged the long-term value of ICBMs in qualified terms: "I consider an
ICBM with capability of instantaneous launch and with acceptable reliabil-
ity, accuracy and yield to be the ultimate weapon in the strategic inventory."
For the interim, however, LeMay viewed missiles principally as aids to the
penetration of manned bombers. This view conflicted with official Air
Force policy, which called for the speediest possible integration of missiles
and aircraft. LeMay believed that the military worth of ICBMs lay in their
"political and psychological value," but in no case would ICBMs alone "be
capable of destroying the target system." 44

SAC's position notwithstanding, Generals LeMay and Power met on
September 27 to discuss the ICBM initial operational capability. As a result
of the talks LeMay agreed to assist ARDC by formulating the ICBM
operational concepts and establishing prototype bases. Brig. Gen. John P.

Gen. Curtis E. LeMay
commanded Strategic Air
Command, which would
gain operational control
over the new missiles.
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A model of Sputnik Ion display at the Academy of Sciences Pavillion
Agricultural and Industrial Exhibition, Moscow.
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During July Maj. Gen. Samuel R. Brentnall, the Assistant Chief of
Staff for Guided Missiles, advised General White to oppose Secretary
Quarles's position. In August General Brentnall's successor, Brig. Gen.
Charles M. McCorkle, did the same. The generals cited the September 1955
National Security Council action, which called for an ICBM operational
capability "at the earliest possible date." Quarles's "Poor Man's" ap-
proach, they contended, would not satisfy the military requirements. Worse,
it threatened to create an imbalance in ICBMs between the United States
and the Soviet Union by 1960. But General White declined to engage in a
dispute with the Secretary of the Air Force. Instead, he awaited the findings
of a WDD cost-saving study aimed at retaining the major objectives
outlined in the disapproved IOC plan. 16

Undersecretary of the Air Force James H. Douglas (second left)
congratulates Donald A. Quarles (extreme right) on his appointment as
Secretary of the Air Force. Secretary of Defense Charles E. Wilson (second
right) and Air Force Chief of Staff Gen. Nathan F. Twining (extreme left)
look on.
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Gen. Thomas D. White
served as USAF Vice Chief
of Staff until he became
Chief of Staff in July
1957.

On September 19, WDD presented its eagerly anticipated study to the
Air Force Ballistic Missiles Committee. Much to the committee's conster-
nation, however, WDD's program estimate of $1.672 billion for Fiscal Year
1958 represented an increase despite Quarles's clear demands to reduce
costs. And, while WDD had recommended several cost-saving features, it
favored keeping the original objective of fielding 120 operational missiles by
March 1961.17

Although the Air Staff sympathized with Schriever's program, it also
appreciated the necessity of meeting the cost reductions demanded by
Secretary Quarles. Noting that the National Security Council had not
specified the size of the ICBM IOC force, the Air Force Council recom-
mended deleting from the plan one of the three programmed ICBM groups
and one of the three missile support bases. The council favored thereby
eliminating the Titan program. But General Schriever argued that canceling
or deleting the Titan threatened to delay Atlas development because of the
close interrelationship in subsystems testing between the missiles. The
council, therefore, agreed to recommend one of the Atlas groups for
elimination while keeping the scheduled end date and the quick reaction
features. On September 26 General White approved the council's
recommendations. IS

The next day the Air Force Ballistic Missiles Committee was briefed on
the development plan. It accepted the Air Force Council's proposals to
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reduce the ICBM force and to maintain the unit activation dates. But
"because of the indicated magnitude of the resources required," the
committee rejected the plan's cost estimates and once again returned the
development plan to WDD for revision. 19

WDD's second revision, submitted in November 1956, reduced the
Fiscal Year 1958 budget estimate to $1.335 billion, about twenty percent less
than the previous submission. Besides eliminating one group of Atlas (forty)
missiles, Schriever canceled North American's sustainer engine program for
the Titan. He also curtailed Titan nose cone tests and spread out the
missile's operational dates and costs over a span of several years. The Air
Force Council and General White endorsed the new plan and warned that
program costs and objectives were ''as low as we dare go." The plan was
next approved by the Air Force Ballistic Missiles Committee and signed by
Quarles on November 19.20

Although now approved by the Air Force, the program still had to
clear other hurdles before it could be implemented. On December 5, General
Schriever presented his plan to the OSD Ballistic Missiles Committee, which
approved, but only "in principle." The revised plan advanced to the
National Security Council on January 11, 1957, as part of the annual DOD

Eger V. Murphree,
Wilson's Special Assistant
for Guided Missiles.
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its 13.8 percent rate (a ratio of overtime to total hours) to 8 percent by the
end of the year. The OSD committee approved the action in July 1957.47

At a July 3 briefing on the missile programs, the National Security
Council admonished Secretary Wilson that program costs were too high in
light of other national requirements. Wilson subsequently announced his
intention to reduce strategic missile. costs to $1 billion annually. As the Air
Force's program alone exceeded that figure, the decision spelled trouble.48

At the end of July, Wilson submitted a list of proposed changes to the
ballistic missile program, including some rather drastic measures. Atlas
retained its high priority, but Titan's rating dropped; contractor overtime
was curtailed further; Thor and Jupiter production plans were suspended
pending the results of an ad hoc study for a single land-based IRBM. On
August 1, President Eisenhower and the National Security Council readily

Maj. Gen. Bernard A. Schriever (left), Commander of the Ballistic Missile
Division, with his Army counterpart, Maj. Gen. John B. Medaris, head of
the Army Ballistic Missile Agency.
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Lt. Gen. Donald L. Putt,
Deputy Chief of Staff for
Development.

The first reversal occurred on October 5, when Wilson approved the
4-4-4 production plan. This plan, it will be recalled, contemplated having a
three-Iauncher complex of Atlas operational by July 1959 and the complete
four-squadron force by October 1961. The first Titan element was to be
ready by November 1961 and the complete four squadrons byOctober 1962..
Wilson was soon succeeded as Secretary of Defense by Neil McElroy, who
advised the President that existing ballistic missile plans were "of historical
interest" only.59

In the fall of 1957, syndicated columnists Joseph and Stewart Alsop
first broke the news disclosing the existence of U.S. radars in Turkey.
Through a secret agreement with Wilson, the Alsops promised to withhold
the story of Russian long-range missiles, if the Administration did not deny
the existence of the Turkish radars. The agreement held until Wilson made
a disparaging remark about the Alsops and freed the brothers to disclose the
missile activity. The episode suggests that Defense officials were not as
surprised by Sputnik as many have contended.60

In the wake of Sputnik, various plans were advanced to accelerate the
U.S. ballistic missile program. Carried out against the backdrop of a
Congressional inquiry t and under a tremendous wave of public pressure,
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William M. Holaday informed the Army and Air Force that they
should plan on production and deployment of four squadrons each. The
first Thor squadron was scheduled to have a limited capability in June 1958
and to become operational before the end of December. The second
squadron was to be ready by July 1959, the third by October 1959, and the
fourth by March 1960. (Jupiter was assigned an identical deployment
schedule.) The Thor production was set at six missiles per month, whereas
five Jupiter missiles would be built each month. There was one more thing:
the Air Force would operationally deploy both IRBMs.71

The decision did not please Air Force leaders, and they protested this
"dual approach" as inherently wasteful in terms of time, money, and effort.
The total of eight IRBM squadrons authorized represented about half the
number required.. On December 3 General White persuaded Secretary
Douglas to press OSD for a reversal of the decision, to terminate the Jupiter
program, and to increase Thor squadrons. The political considerations here
proved overwhelming, however, and McElroy reaffirmed his decision on

William M. Holaday had a
key role in production and
deployment decisions as
Director of Guided
Missiles in the Office of
the Assistant Secretary of
Defense.
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Atlas. In May 1957 work began on Atlas facilities, and in June construction
of Thor launchers started.86

While deliberating on Cooke, BMD formed another panel to investi-
gate suitable Atlas and Titan base sites. In August 1957 the Air Force
selected Warren AFB, Wyoming as the first Atlas operational base and
Lowry AFB, Colorado as the first Titan site. By October, work was
completed at Cooke for siting two Atlas launchers and a contract was let for
design and construction of a Titan launch and support facility. The Titan
silo was to be hardened to withstand nuclear explosive overpressures of up
to 100 pounds per square inch.87

Convair had started Atlas fabrication in February 1955 and delivered
the first missile to the Air Force on August 29, 1956. By that time the
various subsystems had undergone static testing, intended to build confi-
dence in the success of the actual flights. Ground test facilities included
stands at Edwards AFB, Sycamore Canyon, and Point Loma-all in
California. Missile 4A-the first Atlas flight vehicle-arrived at the Air
Force Missile Test Center, Patrick AFB, Florida, in December 1956. After
passing a series of rigorous static tests, Atlas 4A was launched on June 11 ,
1957. Ten seconds after ignition the missile lifted off its pad at Complex 14,

A Convair Atlas ICBM on the launch pad at the Air Force Missile Test
Center, May 20, 1957.
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Samuel E. Anderson.
As a lieutenant general,
he commanded the Air
Research and Development
Command (August 1957 to
March 1959).

Rawlings, Power, Anderson, and Schriever, together with Brig. Gen. Ben I.
Funk,. agreed to recommend abolishing the IOC concept for missiles and
reverting to normal procedures used in fielding aircraft. Consequently, all
missile training, units, and bases were to be transferred to SAC. In
announcing these changes before the National Press Club, General White
emphasized the imperative to augment air power with ballistic missiles to
meet the challenges of the future.1O2

General Schriever and SAC's Chief of Staff, Maj. Gen. Charles B.
Westover, ironed out the details of the transfer in the course of several
meetings and formalized the change through a memorandum of understand-
ing signed at the end of December. Effective January 1, 1958, SAC assumed
responsibility for the training and deployment of all ballistic missile units,
including the 704th and 706th Strategic Missile Wings and the several
subordinate groups and squadrons. BMD's Office of Deputy Commander
for Plans and Operations was also transferred and redesignated as the Office

.Funk headed AMC's Ballistic Missile Office, which had replaced the Special Aircraft
Program Office and was responsible for ICBM/IRBM procurement and production matters.
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The erector is lowered away from a Titan ICBM prior to a test launching at
Cape Canaveral, Florida, April 3, 1959.
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An Atlas lies in its
unprotected coffin at
Vandenberg AFB, 1961.

contemplated during 1958 included shifting from radio-controlled to all-
inertial guidance; changing to the 1 x 9 configuration; launching from
inside the silos; and employing storable or noncryogenic. propellants.
Shifting to the all-inertial guidance system would facilitate the change to the
1 x 9 configuration. The Air Force also contemplated eliminating the
elevator and launching the Titan t directly from the silo. This launch mode

would reduce missile exposure time, eliminate the cost and maintenance of
elevators, and speed reaction time. The Air Force formally incorporated
these changes into its April 1959 proposal and offered it as a supplement to
the Fiscal Year 1960 development plan.21

In July 1959 the AF-BMC adjusted the Atlas-Titan plans in several
ways. First, it increased the hardening criteria of the eighth Atlas squadron
from 25 to 100 pounds per square inch and raised to 10 the number of Atlas
squadrons. Next, the committee pared $25 million from the Titan budget
through reduction of certain training facilities and requirements. It also
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nations of models, launch modes, and schedules. Among the major issues
considered were the effects of different operational dates on the "missile
gap"; consequences of overlapping between the liquid-fueled Atlas and
Titan and the solid-fueled Minuteman; and budgetary considerations. The
latter exerted powerful control over many issues, including technical deci-
sions. For example, the Air Force achieved considerable cost savings simply
by adjusting the site separation distances between missile silos rather than
providing a separate control facility for each.28

Under the December 1959 development plan-which evolved from the
fall review-there would be 4 Atlas D squadrons, 1 each at Vandenberg and
Offutt, and 2 squadrons at Warren Air Force Base. Three Atlas E squadrons
were projected, 1 each at Fairchild, Forbes, and Warren Air Force Bases.
The E series featured 9 launchers per squadron and an 18-mile dispersion
distance between launchers. Atlas E's missiles would be hardened to 25 psi
and would employ all-inertial guidance. Six Atlas F squadrons were
proposed, 1 each at Schilling, Lincoln, Altus, Dyess, Walker, and Platts-
burgh Air Force Bases. Again, 91aunchers were contemplated per squadron,
but dispersion would only be 7 to 10 miles. The all-inertial Atlas Fs were to
be hardened to 100 pounds per square inch. One Atlas E training launcher
was planned for Vandenberg AFB's 576th Strategic Missile Squadron, but
no Atlas F training site had been approved.29

A forest of USAF missiles.
Maj. Gen. Osmond J.
Ritland displays models of
R&D programs being
managed by the Air Force
Ballistic Missiles Division.
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cause an explosion. Moreover, as LOX could not be stored inside the
missile, each launch was preceded by the transfer of the liquid from the
storage tanks to the missile. This was an extremely delicate and hazardous
operation because of the tendency of LOX to sustain combustion when
combined with alcohol, kerosene, or hydrazine. A chance spark or "com-
bustion instability" in the engine could trigger an explosion.

The propellant loading system used mainly "off-the-shelf" compo-
nents, but many modifications, such as new valves, had to be developed to
meet specifications. The Atlas missile held approximately 11,500 gallons of
RP-1 fuel and 18,600 gallons of LOX. During countdown, the fuel tanks
were filled in 4 minutes and 45 seconds (from T minus 12:15 to T minus
7:30) at a rate of 3,500 gallons per minute. The LOX tanks were loaded in
4 minutes and 50 seconds (from T minus 6:00 to T minus 1:10) at a rate of
5,500 gallons per minute. Next, the operational procedure called for an
hour's "hold" before launch, and then "topping off" the tanks during the
countdown with an additional 0.5 percent of fuel.s3

The installation and checkout phase consisted of a demonstration of
all the weapon system components except the missile itself. BMD's Atlas
Program Director was responsible for the overall management and technical
direction, but Convair performed about seventy percent of the tasks. Prior
to January 1958, when SAC assumed responsibility for the IOC, contractor
engineers employed research and development equipment used at Cape
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the Mod 2 and Mod 3 guidance systems. During the Atlas C series tests, the
first flights were made into the Atlantic Missile Range Impact Locator
System net and the first recovery of a reentry vehicle was achieved.60

The Atlas D flight tests aimed at verifying the operational configura-
tion missile. Beginning in April 1959 and running through the end of the
year, 15 Atlas D flights were conducted. There were 3 successive failures
before the program began producing positive results. This test series
demonstrated that the missile's accuracy was considerably better than the 1
nautical mile circular error probable expected. Also, the Mark 3 ablative
type reentry vehicle was shown to be operationally sound, and Atlas D
missiles flew to an extended 7 ,800 nautical miles range. Seven of the flights
provided initial testing of the all-inertial guidance system designed for the
Atlas E.

On September 9, 1959, the Air Force first successfully launched a
model of the Mercury-Atlas vehicle, thus paving the way for manned orbital
space flights.* Other tests included biomedical and space environment
experiments aided by the use of telemetry and recoverable reentry vehicle

Flight test of an Atlas
ICBM at Cape Canaveral,
August 1958.
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An Atlas missile on its
launching platform,
flanked by its service
tower, Cape Canaveral,
1958.

Transporting a new nose cone, to be flight tested on an Atlas missile, 1959.
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Titan missile Site 1A, under construction at Lowry AFB, Colorado, February
1960.

program, Ramo-Wooldridge had been approached to undertake consulting,
development, and production of space-related projects. The proposal to
Ramo-Wooldridge drew criticism from both governmental and industry
sources, who were opposed either to the company's systems engineering
concept or to the details of its involvement. Some objected to the high
salaries of Ramo- Wooldridge officers; others attacked the company's
privileged position within the Air Force and its relationship with Thompson
Products. Competitors in the ballistic missile field feared that Thompson
Products would monopolize the supply of structural parts for missiles and
that Ramo- Wooldridge would capture the electronics market.72

From the start, the Air Force had attempted to mitigate industry
suspicions by banning Ramo-Wooldridge from hardware production. A
contract clause forbade the company from "development or production of
any components for use in the ICBM field. ..except with the express
approval of the Assistant Secretary of the Air Force (Materiel) or his
authorized representative." 73

Thompson Products and Ramo-Wooldridge merged on October 31,
1958, to form Thompson-Ramo-Wooldridge (TRW). Subsequently, Space
Technology Laboratories became an independent but wholly owned subsid-
iary of TRW, and James H. (Jimmy) Doolittle was named Chairman of the
Board. The Air Force extended the hardware exclusion clause to TRW and
to STL. When charges of conflict of interest continued to be expressed,
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million. SAC opposed this plan, fearing that it might jeopardize the 1964
objective force of 805 Minuteman missiles as well as SAC's B- 70 program
and space plans.78

In March 1961-as part of the Administration's sweeping review of
strategic forces-Secretary McNamara issued a list of ninety-two major
programs and issues for the services to comment upon. Included on this list
were the following topics: substituting fixed-base Minuteman sites for
mobile Minuteman squadrons; increasing missile production; retiring Atlas;
settling the status of Titan II; and requiring additional ICBM training and
reliability testing. Later that month, with only a few studies completed,
McNamara decided to defer plans for three mobile Minuteman squadrons
and to cancel two of the eight Titan II squadrons that had been pro-
grammed. The approved Atlas- Titan force structure comprised thirteen
Atlas and twelve Titan squadrons, as shown in Chart 7-2.79

Both decisions were contrary to Air Force recommendations, and
McNamara appeared before a Congressional committee to defend his
actions. The Defense Secretary stressed the advantages of shifting from the
costly, cumbersome, liquid-fueled Atlas and Titan to the solid-fueled
Minuteman and Polaris missiles. The Atlas comprised some 40,000 parts,
including many delicate electronics components that overburdened mainte-
nance and operational crews. Also, the extreme caution necessary in fueling

President John F. Kennedy
tours Vandenberg AFB,
accompanied by Secretary
of Defense Robert S.
McNamara (left), SAC
Commander Gen. Thomas
S. Power (right), and Lt.
Gen. Howell M. Estes, Jr.
(right background), March
1962.
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our opinion that the purposes achieved have justified the concept. Time is
the key to national security and concurrency has saved a great deal of
time."99

Still another investigation-by the Senate Subcommittee on Govern-
ment Operations-also vindicated the Air Force's program management.
Reviewing labor walkouts at ICBM sites, the subcommittee found that,
from the start of construction in 1956 until March 31, 1961, there had been
327 work stoppages by construction workers at 19 operational and test sites,
and 162,872 man-days had been lost. Moreover, half of the strikes occurred
at Patrick, Edwards, and Vandenberg AFBs-the 3 sites where research and
development presented the most critical and difficult problems.loo

Meanwhile, Secretary Zuckert announced that the Air Force would
reorganize its site activation program to ensure faster settlement of contrac-
tor claims. The action came partly in response to directives from the
President and the Secretary of Defense and from the findings of the
Sheppard Committee. It also acknowledged the need for new management
to control the growing space program.1O1

In May 1959, a weapon systems study had been initiated under a group
headed by Gen. Samuel E. Anderson of AMC, General Schriever of ARDC,
and Maj. Gen. Mark E. Bradley, Acting DCS for Materiel. The study group

A ten-story Titan II, ready
for launching from its
underground silo at
McConnell AFB, Kansas.
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~,

Attending ceremonies marking operational readiness of a Titan site near
Lowry AFB are (left to right) Gen. Bernard A. Schriever, Maj. Gen.
Thomas P. Gerrity, Lt. Gen. Archie J. Old, and Lt. Gen. Howell M. Estes,
Jr., May 1962.

advanced three plans. Bradley proposed to extend the BMD/BMC dual-
responsibility approach to aeronautical and electronics systems. General
Anderson wanted to recombine AMC and ARDC. Schriever supported
Bradley's plan, but also proposed creating two commands: one to manage
weapons acquisition and the other responsible for logistical support.
General LeMay, who commissioned the study, favored Bradley's version.

Various reorganizations were considered over the next two years, but
nothing substantive resulted. In early 1961 Roswell L. Gilpatric, the new
Deputy Secretary of Defense, suggested that the Air Force might win the
space mission if it straightened out the AMC-ARDC relationship. Gilpatric
had been Undersecretary of the Air Force and a board member of the
Aerospace Corporation. 102

General White immediately convened the Air Force Council and
announced a new command arrangement. The details of the reorganization
were worked out over the next few months. To facilitate the changeover,
General Anderson-who had opposed Schriever's plan-was assigned to
Europe, and Gen. William F. McKee was installed as Commander of the
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Production facilities, however, were not included in the budget submission,
and the Air Force noted that this omission limited its production to 150
Minuteman missiles by 1965. In July 1958 the AF-BMC approved the
Minuteman plan. The plan also gained approval of the OSD-BMC, the
ICBM Scientific Advisory Board, and the Weapon Systems Evaluation
Group; the latter called the Minuteman superior to any other missile system
in terms of cost effectiveness. Finally, Congress backed the Minuteman by
increasing its appropriation from $50 to $140 million.121

In August 1958, Air Force Secretary Douglas stated that the Air Force
was willing to reprogram $70 million to attain the $210 million required for
Minuteman development. Despite the Air Force's enthusiasm, however,
William Holaday remained unconvinced. He questioned the need for a
multiplicity of missiles-all to become operational at about the same
time-and asked the Joint Chiefs of Staff for a recommendation.122

As had happened so often before with regard to rnissi1es, the Joint Chiefs
were unable to agree. Air Force planners blamed lack of consensus on Army
and Navy stalling tactics, which included proposals for drastic changes in the
Minuteman operational mode such as hardened underground SilOS.123

On September 17, 1958, Holaday abruptly slashed the Air Force's

A Minuteman ICBM, ready for testing at the Air Force Missile Test Center,
Florida, January 1960.
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First flight of a Minuteman ICBM, launched at the Air Force Missile Test
Center, Florida, 1961.
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