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W hile the ballistic missile itself is less flexible than the 
manned bomber when comparing weapon with weapon, its addi- 
tion will definitely add a considerable measure of ttexibility to our 
forces as a whole. Its reaction time and speed of flight are very 
valuable characteristics in a situation requiring immediate re
sponse to an attack. T he ballistic missile will also permit greater 
versatility for our forces by relieving the manned bomber of those 
heavily defended targets where the cost of attacking with bombers 
would be too high and where precise accuracy is not mandatory. 
In considering the characteristics of the bomber and the ballistic 
missile, it appears that for many years to come an optim um force 
will make best use of both weapons.

T he creation of the ballistic missile has been a tremendous 
undertaking, surpassing even the M anhattan Project in scope and 
goals. In the not too distant future the ballistic missile will enter 
our forces as an operational weapon. We must be ready to receive 
it and use it effectively. It is sufficiently different in almost every 
phase of Air Force experience to create many problems. Some of 
the problems which we are facing and will face in the future are 
discussed in this issue of the Quarterly Review  so that Air Force 
members may see them in context and begin thinking about them.

W ith each passing year the ballistic missile will become more 
im portant as an instrum ent of national policy. As the missiles 
take their place alongside manned bombers, we in the Air Force 
must bend ourselves to the task of creating for our country the 
best possible air power we can produce. O ur problem is to exert 
a steady, unrem itting pressure against war over the years ahead. 
We must hold ready, night and day, for every day of every year, a 
counterstroke so powerful, so swift, and so deadly that no aggressor 
could resort to war against us and expect to survive.

Headquarters United States A ir Force



The U S A F
Ballistic M issile Pro ram

Ma j o r  Ge n e r a l  Be r n a r d  A. Sc h r ie v e r

T
HE USAF ballistic missile program is the largest military 
development program ever undertaken by this nation in 
peacetime. Compared to previous programs, it involves 
many simultaneous technical advances in the State of the missile 
art. Among these are development of equipm ent to produce 

high engine thrusts, great accuracy of guidance, and equipment 
to resist high speeds and temperatures. It also requires greater 
expansion of production and test facilities than has been true of 
any other Air Force program. It is a single, integrated program, 
based upon years of Air Force missile and aircraft experience. 
From it operational weapon systems will emerge for the inter
continental mission and the intermediate-range mission. T he Air 
Force with its firm belief in utilizing all elements of Science and 
industry has assembled the strongest scientific-industrial-military 
development team that it could to perform the complex and vital 
development-operational task for these missiles.

Program origins
The Air Force has been actively interested in ballistic mis

siles since the closing days of W orld W ar II, beginning with our 
knowledge of the German V-2 program. The V-2, remarkable 
development that it was in view of the time allotted for develop
ment and operations, had notable shortcomings. Its payload was 
small and its accuracy questionable. Economically, as a military 
weapon, it was costly. Its range was far less than that of aircraft, 
which could deliver more payload with greater accuracy. It was 
only resorted to when the Allied air forces drove the Germans 
from the skies.

These facts were well known to us. Consequently Air Force 
ballistic missile development work following W orld W ar II con-
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centrated on first extending the State of the missile art, particularly 
in propulsion and guidance.

In 1946 the Air Force began an orderly and systematic missile 
development program. Contracts were negotiated with North 
American Aviation for rocket propulsion and long-range missile 
(Navaho) development, and with Consolidated-Vultee Aircraft 
(now the Convair Division of General Dynamics Corporation) for 

study and investigation of missile guidance and control, rocket 
engine swiveling, and lightweight missile structures.

O ur most advanced rocket power plant today is a direct result 
of this North American contract. Similarly our current ballistic 
missile program profited heavily from Consolidated-Vultee design 
and testing under Project MX-774.

T he Air Force ballistic missile program benefited during the 
postwar years from other Air Force long-range guided missile pro- 
grams such as Matador, Snark, and Navaho, and from air defense 
missile developments. All contributed to the solution of ballistic 
missile propulsion, guidance and control, and structural problems. 
Also aircraft and engine programs contributed advances in turbo- 
pumps, heat-resistant materiais, combustion theory, autopilots, 
radio-inertial and all-inertial guidance, and so forth. Such progress 
was cumulative and did much to solve outstanding technical prob
lems of long-range missiles.

The Air Force ballistic missile development program was 
kept at a relatively low levei until 1950, because more conven- 
tional guided missiles appeared to offer the best and easiest solu
tion to the range/payload/accuracy problem which faced long- 
range strategic missile designers. Economic factors related to the

M ajor G eneral B ernard  A. Schriever, Texas A&M: M.S. S tanford  University, is 
C om m ander, Ballistic Missile D ivision, H q Air Research and  D evelopm ent Com- 
m and . Receiving a reserve com m ission in the Field A rtillery upon graduation  
from  college, he com pleted flying tra in in g  in 1933. In 1937 he reverted to in- 
active status and  becam e a p ilo t fo r Northwest A irlines. Re-entering the Air Corps 
w ith a regu la r com m ission in 1938, he becam e a test p ilot at W right Field in 
1939. H ere he also attended the Air Corps E ngineering  School. In  1942 he went 
to the Southw est Pacific with the 19th Bom b G roup, where he flew 63 com bat 
m issions. In 1946 he becam e Chief, Scientific Liaison Section, D eputy Chief of 
Staff, M ateriel. A fter g raduating  from  the N ational W ar College in 1949 he 
served as Assistant fo r E valuation, Office of the D eputy Chief of Staff, Develop
m ent. In May 1954 he becam e Assistant to the C om m ander, ARDC, and in 
August of that year he en tered  on his p resen t assignm ent. As C om m ander of BMD, 
with his headquarters in Inglewood, C alifórn ia, G eneral Schriever has im m ediate 
control and supervision over all aspects o f the  Air Force ballistic missile program .
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cost of development also played a part in this situation. In par
ticular, two inhibiting factors were the lack of an attractive pay- 
load in terms of weight versus yield, and concern over how to 
protect this payload on re-entry. T he re-entry problem was con- 
sidered to be a particularly knotty one.

By 1950 Air Force development agencies felt that enough 
progress had been made in these areas to warrant study and 
limited design of an intercontinental ballistic missile. A contract 
was awarded to Convair* in early 1951 for the development of an 
ICBM. This was the original Atlas program, on which conserva- 
tive development policies were followed because of the technical 
problems still to be solved. By 1953 impending solution of most 
of these problems allowed design and initial construction of Atlas 
vehicles.

The “thermomiclear breakthrough”
This was the status of the program when several new factors 

altered the development picture. T he first was the “thermonu- 
clear breakthrough” of 1952-53, when Atomic Energy Commission 
advances in nuclear weapon technology pointed the way to the 
design and production of small, high-yield warheads.

To this factor, tremendous in its implications as it was, must 
be added a second. In 1953 the Department of Defense conducted 
a vigorous examination of all long-range missile programs. In its 
report the Department of Defense guided missiles study group of 
the Armed Forces Policy Council recommended that strategic mis
sile programs could best be evaluated by a special group of the 
nation’s leading scientists. T o  perform this evaluation, Mr. Trevor 
Gardner, then Air Force Special Assistant for Research and De
velopment, established the Air Force Strategic Missiles Evaluation 
Committee, also known as the “T eapot” Committee. It was com- 
posed of outstanding scientists and engineers and chaired by the 
late Professor John von Neumann,** then of the Princeton In- 
stitute for Advanced Study and later an AEC Commissioner.

Thoroughly aware of the implications of the thermonuclear 
breakthrough, and supported by independent studies of organiza- 
tions such as the RAND Corporation, Mr. Gardner and his group 
made positive recommendations that a redirected, expanded, and 
accelerated Atlas program be established. In its report the Com-

‘ Convair had carried on studies of its own ii> ICBM areas a fte r com pletion of its o rig inal 
ballistic missile contract in 1948.

* *O ther m em bers of the Com m ittee were Professor C lark B. M illikan , C alifórnia Institu te  
of lerhnology ; Professor Charles C. L auritsen , C alifórnia Institu te  of Technology: Dr. I.ouis G. 
O unn, C alifórnia Institute  of rechnology; Dr. H endrik W. Bode, Bell T elcp ho ne Laboratories; 
Dr, Allen E. Puckett, Hughes Aircraft Com pany; Dr. George B. Kistiakowsky, H arvard  Univer- 
sity, Professor J. B. W iesner, Massachusctts Institu te  of Technology; M r. Lawrence A. H yland, 
Bendíx Aviation C orporation; Dr. Simon Ram o, R am o-W ooldridge C orporation ; and Dr. Dean 
W ooldridge, Ram o-W ooldridge C orporation.
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mittee concluded that if the program was given increased priority 
and funding, and if direction of the program was placed under 
the control of a strong development-management organization, an 
operational ICBM could be achieved years sooner than might 
otherwise be possible.

T he Air Force approved the "T eapot” Committee’s recom- 
mendations in May 1954. Directives were issued assigning the 
program the highest priority in the Air Force. The Air Research 
and Development Command was directed to establish a field 
organization with a general officer in command to exercise com
plete authority and control over all aspects of the program. Direc
tives were issued that the program was to be reoriented and 
accelerated to the maximum extent that technology would permit.

In August 1954 the Western Development Division (now the 
Air Force Ballistic Missile Division of Headquarters ARDC) was 
established in Inglewood, Califórnia, to perform these tasks. At 
the same time, to perform procurement and contracting functions 
for the new program, the Air Materiel Command established the 
Special Aircraft Project Office (now the Ballistic Missiles Office, 
Directorate of Procurement and Production, Headquarters AMC), 
at the Inglewood location. This organization, under Brigadier 
General Ben I. Funk, performs the normal range of AMC func
tions on an expedited basis.

In early studies of what type of organization should be set 
up to manage and direct the program, all advisers were insistent 
that centralizecl management control of the project was necessary. 
T he task of technical direction and systems engineering was con- 
sidered more complex than that encountered on the original atom 
bomb project. After study, the decision was made that the Air 
Force would retain over-all system responsibility and contract for 
a technical and scientific staff. Obviously a strong team of scientists 
and engineers was required to perform these functions. After 
thorough consideration of this need, the Ramo-Wooldridge Cor
poration was selected to provide the im portant systems engineer
ing and technical direction of the associate contractors who made 
up the development team. They provide the scientists and engi
neers needed to perform the complex technical and scientific 
analysis and systems engineering. Together with their counter- 
parts of the Air Force Ballistic Missile Division, the R-W technical 
and scientific personnel were integrated into a development-man
agement team, with all the elements working on a side-by-side, 
counterpart basis. This organizational integration permitted close 
working relationships and savecl time in getting on with the job.
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The program development-management concept
W ith this brief historical background in mind, it is time to 

turn to consideration of the development-management concept 
and policies used in the program. Contrary to some impressions, 
these are not new. They are derived from experiences gained in 
carrying out other complex research and development programs 
and from our weapon system concept. As indicated, there are 
parallels in the Manhattan Engineering District project.

Development concepts and policies used in the past have 
changed considerably from one weapon system to the next as 
Systems have become more complex and costly. For the past few
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years we have tended to rely more and more on the “prime con- 
tractor’’ approach to weapon system development in order to speed 
system development and integration. Studies of the classic develop
ment cycle (broadly, the time it takes to translate an idea into an 
operational weapon system), in which study, development, test, 
production, and introduction into the military force take place 
more or less discretely and in series, indicate that this process 
averages about seven years. This is a long time, especially in view 
of limited in-service life and rapid technological advances which 
today quickly outmode many weapon systems. One possible solu- 
tion to this situation is to shorten the development cycle by taking 
concurrent development, production, and operational actions. 
Obviously this can be done only when a weapon system has such 
promise of success and great potential that it is worth taking risks. 
Long-range ballistic missiles are such weapons. Viewed from this 
light, the ballistic missile program is engaged in shortening the 
normal weapon system development-to-operational cycle.

It should be clearly understood that no criticism is implied

AF Development-Operational Cycle

Normal
Cycle

Research and Development Production
Operational Capability

IOC fo rce  b u ild u p

Ira in ing operotion

ICBM—
IRBM
Cycle

Comparison of the normal sequence of research and development and operational 
capability with the sequence of the accelerated ballistic missile program. In an 
aircraft program the operational capability is not achieved until research and 
development have been virtually completed. In the ballistic missile program these 
events had to be considerably overlapped, primanly to save time. Also the char- 
acteristics of the weapon required that data from experience ivith the initial opera
tional capability (IOC) be fed back into the development cycle as soon as possible.
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of our normal development policies. They have been carefully 
evolved and appear to suit normal circumstances. Likewise it 
should not be implied that the development-management ap- 
proach followed in the ballistic missile program can be applied to 
just any program. This system appears to be best applied only to 
large-scale, especially im portant programs where it offers a means 
of developing and producing complex systems, where things must 
be done on a large scale, where many industrial concerns, many 
Government agencies, new and expensive facilities, and large 
funds are involved.

Basically, then, the development-management approach for 
the project is geared to a strong management team composed of 
the Air Force Ballistic Missile Division, the Ballistic Missiles Office 
of AMC, and the Guided Missiles Research Division of the Ramo- 
Wooldridge Corporation. This team took over the job of cen- 
tralized direction and proceeded to devise and manage a reoriented 
and accelerated program. This process was carefully scheduled in 
phases in order to meet projected time scales:

Phase I Program study and reorientation
Phase II Contractor selection
Phase III Hardware fabrication and test
Phase IV Missile test
Phase V Operational capability

The study phase embraced careful program analysis and plan- 
ning. Scientific and engineering analyses were made of all aspects 
of the program. From the study, analyses, and planning, certain 
conclusions and recommendations emerged. The development- 
management structure for the program was clarified. Steps were 
taken to reorient the program by scaling down missile size and 
gross weight, thus simplifying many technical and development 
problems. A positive conclusion was reached that in order to 
accelerate the program, to provide competition, and to ensure 
success, a multiple approach should be used in the development 
of subsystems. Selective industrial competitions would be used 
to pick the associate contractors. A third result of the study 
analysis and planning was an integrated development-test-facility 
plan.

The selection of contractors marked an im portant phase of 
the ballistic missile program. Contractors were carefully chosen, 
through a highly selective, competitive method that identified the 
contractors with the highest capability. In this process, the Divi
sion management team prepared a statement of the job require-



Ballistic Missile Program

The Air Force ballistic missile program is truly Nationwide. The dark circles 
denote the major contractors, the white circles the major subcontractors, and the 
triangles the directly participating Air Force installations. The vendors (not 
shown) who supply the subcontractors are located in every state of the Union.

ments. After study of these requirements, an AM C/ARDC team 
prepared a recommended list of the best qualified contractors. 
T hen  these contractors were given a preproposal briefing, after 
which they prepared their technical proposals. Concurrently with 
the contractor preparation of technical proposals, a joint evalua- 
tion board with members from ARDC, AMC, and independent 
agencies was established. This evaluation board prepared suitably 
weighted proposal evaluation criteria. All contractor proposals 
were then reviewed and evaluated by board members and spe- 
cialists. Following this review and evaluation, the board recom
mended a winner. This recommendation was forwarded to ARDC, 
AMC, and USAF for approval. By means of this selective com- 
petition method, the basic subsystem contractors for the program 
were chosen.

T he outstanding feature of this method was the speed with 
which the selection of contractors was accomplished. In most cases 
the entire process from the statement of job requirements through
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to notification of contractor selection took place within ninety 
days. Immediately on notification of selection, contractors were 
put to work through the use of letter contracts. T he letter con- 
tracts were used in order that no time be lost in definitization of 
contracts before getting the program under way.

Contractor selection by this process was completed by the 
end of 1955. The contractors themselves were grouped into teams 
for individual missile development. This was possible through the 
utilization of dual-source subsystem development efforts for each 
individual subsystem. These dual-source subsystem developments 
played an important role in the program: for example, the IRBM 
development was introduced into the Air Force ballistic missile 
program late in 1955 through the simple process of reorienting 
certain ICBM contractors and of adding Douglas Aircraft Cor
poration as the airframe contractor for the IRBM No. 1. Much 
time, effort, and cost were saved through this process.

A factor which has conditioned the ballistic missiles program 
from the very beginning has been the emphasis placed on the 
development-test concept. Unlike an aircraft test program, bal
listic missiles, once launched, cannot be re-used. Moreover, test 
facilities of the size and scope required for the accelerated missile 
program were virtually nonexistent in 1954. Consequently a 
large-scale test facility program had to be laid down, as well as one 
for production facilities.

Before the test plan and facility requirements were prepared, 
we reviewed and analyzed all previous missile and aircraft pro- 
grams so that we could prepare a rational test philosophy. This 
review was based on all previous missile testing experience, as 
well as the requirements of the accelerated program. A test pro
gram was planned with the aim of reducing the num ber of costly 
'one way” missile flight tests and of getting required information 

as early as possible. Insofar as possible, components would be 
thoroughly tested on the ground prior to flight tests. T he method 
utilized provided a step approach, beginning with component 
tests, then assembly tests, then captive tests of propulsion and air
frame, and captive tests of complete missiles prior to flight testing. 
In this way reliability could be checked at the lowest possible leveis 
and systems interaction tests could be performed as subsystems 
were mated. This test philosophy was adopted and is in use in the 
program today.

This plan provides the maximum likelihood that the more 
advanced and costly systems tests will not fail because of failure 
of components or minor assemblies and that information on over-
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flight test
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all systems interaction will be available before we embark on 
large-scale flight tests. Another im portant element of the test 
philosophy is that there are no special-purpose test vehicles.* In 
other words, no “dead end” testing would take place. The ballistic 
missiles themselves will serve as data-collecting test vehicles. Thus 
development-test effort is all applied to the missiles themselves. 
Needless to say, such a plan was only possible because of our work 
with missiles over the past decade.

Having worked out a logical test philosophy, the next step 
was to apply it. This required careful test facility planning to 
ensure the availability of such facilities in the numbers and at the 
time they were needed. At the start of the program practically no 
facilities suitable for missile or component testing on the scale re-

•E xcept for the re-entry test vehicle to ga ther nose cone rc-entry data.



Philosophy

Multiple-Approach-with-Backup Philosophy

quired for the ballistic missile program existed. Many sucb facili- 
ties were required as quickly as possible—facilities of considerable 
size, complexity, and cost. For example, large rocket engines had 
to be developed and tested, requiring new and unique testing 
facilities; captive tests of complete missiles required large test 
stands of great strength together with complex instrum entation 
and blockhouses. The contractors needed industrial facilities for 
fabrication testing of components. The problem was doubly diffi- 
cult since unique test facilities of the type desired require a long 
lead-time to design and build. A plan was evolved that would 
provide these facilities at the times needed. Unprecedented action 
on the part of the Air Force and the Army Corps of Engineers was 
required to accomplish the necessary actions and approvals under
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expedited conditions. T o complete the facilities which had been 
closely matched to the R and D schedule, the construction con- 
tractors in many cases worked on m ultiple shifts seven days a week.

By such means the necessary test and industrial facilities were 
provided. The fact that the facilities were completed in such a 
relatively short time is indicative of the speed, diligence, and 
competence with which the Air Force installations personnel, the 
Army Corps of Engineers, and the construction contractors 
worked. As an indication of the size and importance of these 
facilities, to date nearly $500,000,000 of new development, test, 
and production facilities have been completed or are programed 
for the Air Force ballistic missile program. Of this total, approxi- 
mately $400,000,000 has been provided by the Government and 
$100,000,000 by the participating contractors. This program has 
provided the nation with a base of missile-test and industrial facili
ties superior in quantity and quality to any in the world today.

One outstanding accomplishment of our test program is worth 
mentioning. This is the answer to one of our most difficult prob- 
lems—that of re-entry. T he problem was to design a re-entry

A I R  U N I V E R S IT Y  Q U A R T E R L Y  R E V IE W

High as a four-story build- 
ing, the Lockheed X-17 test 
missile points skyward ready 
for flight at Patrick AFB, 
Florida. The six-ton, three- 
stage rocket is saving mil- 
lions of dollars. Its flights 
help solve problems con- 
nected with ballistic missiles 
that otherwise might be an- 
swered only after many fir- 
ings of those much more ex- 
pensive missiles themselves.
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body (nose cone) that would not burn up as it re-entered the 
earth’s atmosphere at meteoric speeds. T o solve the problem, 
many extensions into the regions of hypersonic research were 
required and empirical verification of this research was needed. 
An intense program was laid on: study contracts were let to con- 
duct shock-tube tests, materiais research, hypersonic wind tunnel 
and ballistics research, nose-cone drop tests, and hypersonic flight 
tests.

For the latter, the Division contracted with the Lockheed 
Aircraft Corporation to develop a re-entry test vehicle, called the 
X-17. Its job was to simulate re-entry conditions at high Mach 
numbers in order to validate hypersonic theories. It is a three- 
stage missile. The first stage drives the missile to a high altitude 
where it falis over and starts its descent; then the second and third 
powered stages drive the nose cone to higher and higher hypersonic 
speeds as it descends through the atmosphere. Telem etered data 
derived from the flight provide the needed design information. 
This re-entry test vehicle proved to be a quick and accurate way 
to gain reliable data without flying a full-scale missile. It was 
successful in proving out the theories of heat transfer and design 
shapes of nose cones and it reassured us that our theoretical calcu- 
lations on nose-cone design were valid.

The operational development program
After the missile development program was under way, the 

Division received additional directives to undertake operational 
development programs for the missiles. These directives rounded 
out the ballistic missile program by making the Division respon- 
sible for all actions necessary to achieve the initial operational 
capability (IOC) with these weapon systems. W ith this assign- 
ment, the Air Force ballistic missile program became an integral 
one. A single agency was now responsible for the entire weapon 
system development-operational program. Moreover, the two pro
grams are concurrent rather than in series. W hile missile develop
ment and test are under way, so also are all the actions ensuring 
that when development is completed an operational force will be 
trained to handle the missiles and that the force will be ready for 
the Strategic A ít  Command. This is an unprecedented assignment 
for the Air Research and Development Command. It has absorbed 
a great deal of effort, particularly since we are dealing with new 
weapon systems with which we have little experience. Our opera
tional experience must be gathered out of the development and
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test program. Again, through this combination of missions the 
development-operational cycle for the systems should be shortened, 
since the agency which is accumulating this experience will be 
able to put it to use quickly.

Integration of this responsibility was aided by the fact that 
from the beginning BMD had a staff to study system operational 
planning. W ith the addition of the responsibility for initial oper
ational capability, the operational planning staff has expanded 
considerably in both size and mission. From it have come not only 
the operations, personnel, logistics, and installations concepts 
which furnish the guidelines for the organization and employment 
of the IOC force, but the actual detailed plans that are at the 
present time being put into effect.

T urn ing  these concepts into practical, usable plans and then 
implementing them have required detailed work and coordina- 
tion. Organizational structure and composition had to be planned. 
Facility requirements for operations and training had to be identi- 
fied and action had to be taken quickly to obtain these long-lead- 
time items. A procedure for locating and assigning personnel with 
the abilities and experience necessary to man the units had to be 
worked out. Programs for training personnel had to be deter- 
mined to the extent of writing course lesson plans, designing 
training aids and equipm ent, and determ ining training evaluation 
procedures. This latter process has already produced several 
changes in the missile and its test and handling equipm ent to 
adapt it more closely to the abilities of the airman who will do the
j° b •

Logistics plans are being worked out in detail in coordination 
with the logistics and missile maintenance concepts. AMC is 
instituting an entirely new type of logistic system, based upon 
electronic data processing, for use with the ballistic missile forces. 
An explanation of this system appears elsewhere in this issue.

BMD could not develop all these details itself and expect 
them to be realistic. Active participation of other Air Force com- 
mands was mandatory. Therefore liaison offices were established 
at BMD by the Strategic Air Command, the Air Training Com- 
mand, ARDC’s Air Force Personnel and Training Research 
Center, and Air University. In addition coordination was accom- 
plished with Headquarters USAF, the U.S. Army Corps of Engi- 
neers, Air Force W eapon System Phasing Groups, and others. 
T he ballistic missile program is truly Air Force-wide.

Actions in the IOC area have taken place rapidly. Recently 
the field unit to command the initial operational capability force,
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the lst Ballistic Missile Division, was activated. Under it will 
come the wings and squadrons, some of which are now being 
formed, as well as ballistic missile bases within the United States. 
Cooke Air Force Base, Califórnia, is the first of these bases, where 
training will be performed. Facilities are under construction and 
the base is being manned.

Program control
The ballistic missile program is nationwide in all aspects. 

The work of seventeen major system contractors located in every 
part of the United States has to be coordinated and kept in phase. 
The magnitude of the program is such that if a slippage occurred 
in any area, the whole program could be delayed. T o  keep abreast 
of the entire program, the efforts of all the members of the man- 
agement-development team are closely monitored in a central 
place in BMD—the Program Control Room. T he joint BMD— 
B M O -R -W  Program Control Room is the nerve center for the 
project. As a management tool it provides “management visi- 
bility” by displaying information on the status of every aspect of 
the project in graphic form.

This management information is provided through frequent 
visits with contractors, use of the extensive Communications net- 
work between BMD and the contractors and field offices, written 
reports, and periodic meetings of BMD, BMO, and R-W person- 
nel. The information is not displayed until it has been double- 
checked and coordinated by the offices concerned with that phase 
of the program. Any problems are spotted early and acted upon 
quickly. Those that may produce schedule slippages are identi- 
fied with a “red flag” and carry that identification until they are 
solved. The red flag” problems are given immediate treatm ent 
and their status is considered each time a review is made.

The program pulse is felt continuously. It is presented form- 
ally once a month to key members of the management team. In 
these presentations, the rule of ‘‘management by exception” is 
followed. There are hundreds of items that could be considered. 
It would take several days to treat them all. Instead, only progress 
and problem areas are noted and discussed.

Today we are in the fourth phase of the program, the flight 
test phase. In all respects this is the most criticai phase. We 
have entered it with confidence that the missiles will indicate the 
results of the carefully structured test program. Realistically, we 
must recognize that this is the phase where troubles appear. We 
think that our careful planning will enable us to meet these
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troubles. We have laid down careful procedures for their correc- 
tion. Some setbacks are to be expected, since after all we are in 
the "Model T ” age of missiles. Another way of putting it—we 
stand today with ballistic missiles where aircraft were forty years 
ago. However, we have a far superior scientific knowledge of 
these complex birds than the early aviators had of their aircraft. 
T he application of modern technology to our missile programs 
will ensure success.

Through rigorous attention to program needs, we have re- 
mained on schedule. T he bugaboo of most missile programs, 
slippage, has been pretty well contained. All major milestones 
for the Atlas, T itan, and T hor development programs have so 
far been passed essentially on schedule. In addition the IOC force 
is being built and trained. We are confident that the program will 
continue to meet its schedule and that the United States will soon 
have its long-range ballistic missile operational capability.

The f  uture
T he Air Force ballistic missile program does put us on the 

threshold of space travei. T he long-range ballistic missile is in 
fact a space vehicle. T he airframe, propulsion, and guidance sub- 
systems developments and the data which will become available as 
ballistic missile test flights are made will make possible a whole 
series of follow-on projects.

Take for example the propulsive unit. The same propulsive 
unit that boosts a heavy nose cone with its warhead to 25,000 
ft/sec could boost a somewhat lighter body to the escape velocity 
of 35,000 ft/sec or to an orbital path around the earth. The same 
guidance system that enables the warhead of a ballistic missile to 
reach its target within a permissible accuracy would also be suf- 
ficiently accurate to hit a target much smaller than the size of the 
moon, even at that increased range. These same propulsive and 
guidance components could also be used for surface-to-surface 
transport vehicles of various sorts experimentally to carry mail or 
strategic military material to criticai sites. Structural advances 
of the ICBM have brought us to new heights in the ratio of total 
weight to structural weight. Perhaps 90 per cent of the unmanned  
follow-on projects that one could visualize for the future can be 
undertaken with propulsive, guidance, and structural techniques 
presently under development in the Air Force ballistic missile 
program.

There is one final question—what will we have achieved when 
we reach our goal—when ICBMs and IRBMs have become reli-
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able, operational weapon systems produced in quantity? Para- 
doxically, the best we can hope for is that we will never have to 
use these weapons; that our ballistic missile capability will be 
so highly respected by all potential aggressors as to indefinitely 
deter them from attacking us.

This should not imply that the ICBM and IRBM are “ulti- 
mate weapons” as they are frequently called, nor that the ballistic 
missile will replace the manned intercontinental bomber. But it 
will undoubtedly become one of the most potent and convincing 
arms in our arsenal of strategic weapon systems.

It is hard to believe that any one single weapon, no matter 
how powerful, can by itself enforce peace in this uneasy world. 
But we are confident that weapons like the ICBM and IRBM will 
help the Air Force to enable the free world to maintain deterrent 
forces which no aggressor in his right mind dare challenge.

Air Force Ballistic Missile Division, H q ARD C



A ir Force M issile Experience
COLONEL EDWARD N. HALL

I
T  IS probable that more misinformation has been generated 

on the subjects of guided missiles, long-range missiles, ballistic 
missiles, intermediate-range missiles, and intercontinental 

missiles than on almost any other conceivable subject. W hat are 
these devices, how do they differ from each other, why have they 

come into being, what has been their past history? T he answers 
available to the general public have been fragmentary and fre- 
quently misleading, primarily because of their inevitable security 
restrictions. This has been a highly justifiable policy in the past, 
bu t at this time the American public and its high-ranking civil 
administrators are being confronted with crucial decisions con- 
cerning these weapons, their control, and their use and are pos- 
sibly being forced to conclusions based upon a paltry smattering 
of factual background. This article. is being written in an effort 
to dispel some of the mists of obfuscation that pervade this field.

Missiles may be divided into two categories: ballistic and 
airfoil controlled. Both categories have been somewhat arbi- 
trarily further divided into guided and unguided species. The 
word arbitrary is employed here because it is hard to conceive of 
any justification today for a truly unguided missile, one deliber- 
ately designed to take off and capriciously land, “I know not 
where.” Guided missiles follow trajectories that may be altered 
by signals from some guidance device well after the moment of 
launch; unguided missiles are those in which all guidance in- 
fluence ceases within an extremely short time after launch.

Both ballistic and airfoil-controlled vehicles have been em
ployed by mankind for a very long time. Ballistic weapons as 
rocks hand cast by primitive man preceded their airfoil-controlled 
cousins, arrows launched from bows and controlled by tail feath- 
ers, by a significant period of time. A greater amount of effort 
through the years has gone into the ballistic-contrólled vehicles 
than into the airfoil-controlled ones (e.g., rocks thrown by hand
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or catapult and gun-propelled slugs and shells). Only recently 
has serious consideration been given to the development of rela- 
tively long-range airfoil-controlled weapons. An essential ingredi- 
ent in the development of relatively long-range ballistic devices 
was the creation of a basic Science of ballistics. Similarly a sizable 
mass of data in the field of aerodynamics was a necessary precursor 
to the development of long-range airfoil-controlled vehicles.

Ballistic Science is much the older of the two, stemming back 
pretty directly to Keppler’s Laws of Motion, which have been 
constantly and repeatedly confirmed by such phenomena of celes
tial mechanics as the motions of the moon, planets, and comets. 
Aerodynamics could not support accelerated development of long- 
range devices until late in the 19th century. Exercising these two 
general Sciences man has developed a series of missiles.

In the course of this activity, cross-pollinization in the two 
fields has occurred to such an extent that the course of individual 
developments has in many cases become obscure. For many years 
ballistic missiles, considered apart from their launching devices, 
were simple. The shell hurled from a big gun, although differing 
in degree of sophistication, had much in common with the rock 
launched from the hand of primitive man. Aerodynamic effects 
in both cases were small. The trajectories resulted largely from 
the interplay of gravity, conservation of momentum, and, in the 
case of extreme ranges, centrifugai force. Extremely strong, light- 
weight structures were not needed.

Significantly the method of propulsion employed in the gun 
involved the use of very heavy launching devices of a relatively 
declining effectiveness as muzzle velocities in excess of about 4000 
feet per second were reached. Projectiles were guided by accur- 
ately aligning the gun in the direction and elevation desired. No
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guidance signals were transmitted to the projectile after exit 
from the gun barrei. While stability was imparted by projectile 
spin, even at this relatively early levei of missile sophistication a 
certain degree of hybridization occurred; fin-stabilized gun- 
launched projectiles were developed, in which a certain amount 
of aerodynamic Science was drawn upon. T he serious develop- 
ment of long-range, aerodynamic-controlled missiles had to await 
the development of the airplane.

Quite early in this saga attempts were made to apply this 
newer Science to long-range missiles. Even during W orld War I 
efforts were made to load military airplanes with bombs and 
direct thern without pilots to specified targets. O ut of aerodynam
ic Science grew automatic control devices such as autopilots, auto 
navigation equipment of both radio and inertial varieties, auto
matic bombing systems, and the advent of reliable, efficient pro- 
pulsion systems. It became evident that a proper integration of 
these sophistications could make practical an unmanned, long- 
range, aerodynamically-controlled missile. During W orld W ar II 
several instances of the operation of such devices took place.

Up to this point a fairly distinct demarkation existed between 
ballistic and aerodynamic approaches. Ballistic vehicles were 
dense, unsophisticated structures, most of them propelled by 
expanding gases generated by combustion of solid propellants in 
gun barreis. No provisions were made for internai control, guid
ance, or propulsion equipm ent. Aerodynamic missiles, on the 
other hand, sprang directly from airplane experience. In these 
were automatic control systems, strong, lightweight airframes, 
sophisticated guidance systems, and advanced propulsion units.

M odem  missile beginnings
Until the W ar the potential performance of long-range mis

siles was largely misunderstood. T he barrier to be overcome wras 
not of sound, or heat, but of the mind, which is really the only 
type that man is ever confronted with anyway. A traditional ap- 
proach by the aerodynamic people to the problem of range versus 
speed had convinced them that an inverse relationship existed 
between these two parameters and that, consequently, truly long- 
range, airfoil-controlled vehicles would have to travei at relatively 
slow speeds. The ballistic advocates, also limited by mental blocks. 
thought in terms of thousands of yards rather than thousands of 
miles. Although the latter group had had rockets at its disposal 
for hundreds of years, it had employed them in a manner highly
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analogous to the gun. Thus aerodynamicists talkcd about rela- 
tively slow devices capable of ranges up to 10,000 miles or so, 
employing reciprocating or compound engines with conventional 
propellers and high-aspect-ratio airfoils. Military ballistic people 
were thinking in terms of rocket- and gun-propelled projectiles 
with unsophisticated structures and very limited guidance and 
control systems capable of ranges of hundreds of thousands of 
yards.

Between these two placid pools of specialized interest there 
wrere several small, disturbing anomalies. Dr. Robert Goddard 
in the United States and the Weapon Development Group of the 
German Army were pursuing programs of high-performance 
rocket development. Dr. Goddard was completely unsuccessful 
in his efforts to interest the United States armed forces in his work, 
and the German effort, until a time too late to be of any influence 
in deciding the outcome of W orld W ar II, was similarly ignored. 
The efforts of both of these groups were aimed at the development 
of a desirable hybrid in which the sophistication of the aerody- 
namic approach would be effectively applied to a ballistic ve- 
hicle. These efforts incorporated the subtle structural talents of 
the airframe industry and the highly sophisticated guidance and 
control mechanisms developed for im parting stability to, navi- 
gating, and controlling bomb release from modern airplanes—all 
this married to a high-performance rocket-propulsion system to 
produce an entirely new species of vehicle.

Except for the propulsion system all elements stemmed di- 
rectly from the airplane development art. And the rocket pro
pulsion systems employed on these devices, in the United States 
at any rate, have also stemmed from the propulsion development 
programs of the United States Air Force. The problems of heat 
transfer, turbine operation, combustion, and pumping are intrin- 
sically the same as those that plagued the developers of recipro
cating engines, turbojet engines, ramjet engines, and other aero- 
nautical power plants. These rocket engines have been developed 
by the same U.S. Air Force and affiliated organizations that de
veloped the preceding types of power plants mentioned, using 
the same basic philosophies. The result is that large liquid-rocket 
power plants are available today as reasonably reliable, producible 
items to provide the extreme propulsion requirements of the long- 
range guided ballistic missiles. The rapid advance of the Air 
Force ballistic missile program has been predicated upon this rich 
background of familiarity with, and development of, all the key 
elements required for success in its field.



The rate of development progress
The rate of progress achieved in ballistic missile development 

has been limited by two categories of factors: the operational and 
the technical. That ballistic missile development can only be 
carried out by the armed Services is an accepted fact. Armed Serv
ices, however, must ahvays seek to justify their development 
activities in terms of the economic validity of the gains to be 
achieved. No new weapon, however spectacular, can really be 
justified unless it promises to perform military tasks at a lower 
gross cost than will any weapon system preceding it. A rocket-pro- 
pelled, guided ballistic missile of short range would be question- 
able from an economic standpoint if compared to the operating 
cost of the manned bomber. Even a relatively long-range missile of 
this variety would be questionable until the detonation magnitude 
of its warhead and the accuracy with which it could be positioned 
made it less costly per unit of effectiveness than the piloted 
bomber. Questions would still arise about the methods of recon- 
naissance and bomb-damage assessment that could be employed 
as a necessary adjunct to such a weapon system.

A lim iting factor in the missile development drive until very 
recently was the questionable effectiveness of available warheads 
and guidance systems. Obviously the use of a T N T  warhead on a 
ballistic missile with a range of more than a thousand miles would 
be extremely costly. W ith missiles dispersing several miles in the 
target areas, as they must with today’s guidance systems, several 
thousand would be needed to destroy a specihc target of limited 
size. As the accuracy of the guidance system improves and as the 
detonation effectiveness of the warhead increases, the numbers 
of missiles required to perform any specihc military task drop— 
as do comparative costs.

T he atomic bomb greatly improved the destructive potential 
of this type of missile, but even it, when coupled with available 
guidance accuracies, did not guarantee economies beyond the use 
of manned bombers. W ith the atomic warhead such economies 
could only be achieved by the development of extremely accurate 
guidance systems. It was the therm onuclear bomb that altered 
this picture radically. This weapon promised economical divi- 
dends in the destruction of military targets by means of long-range 
ballistic missiles. So it is that from the operational point of view 
the drive to develop these missiles was compromised by lack of 
clear-cut evidence that their employment was militarily justified 
until improvements in warhead and guidance techniques occurred.

A much more basic lim itation to the development of long-
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range ballistic missiles existed up to 1950: adequate propulsion 
systems. The long-range ballistic missile consists of guidance, 
control, structure, warhead, and propulsion. Each of these must 
be adequate if there is to be a worthwhile inilitary missile. The 
propulsion system is in a somewhat different category from the 
others. This is the one component without which the missile 
could not fly at all. In fact the long-range ballistic missiles are 
so intimately tied up with rocket propulsion systems that fre- 
quently the terms missile and rocket are used interchangeably.

A fallacious concept, formerly widely cherished by air power 
“experts,” that the relationship between range and speed was an 
inverse one has already been mentioned. There was evidence 
upon which to base this false conclusion in the form of ranges and 
speeds of the aircraft developed prior to the 1950’s. Some of 
this evidence centered on the assumption that lift for these long- 
range vehicles would inevitably be supplied aerodynamically.

As soon as one accepts the fact that centrifugai force is quite 
as reliable as aerodynamic lift—attested to by the degree of assur- 
ance man has developed that the moon will not fali down—the 
picture becomes greatly clarified. W hile the attainm ent of Mach 
1 speeds was always accompanied by very limited ranges in that 
era, this limitation was largely a product of the characteristics of 
air-breathing engines, available conventional fuels, and aerody
namic drag. It was always evident that if one could get out of the 
atmosphere and reach orbiting velocities, terrestrial range would 
become unlimited. The problem lay in the development of a 
power plant and structural system capable of attaining orbiting 
speeds outside the earth’s atmosphere. W hat structures and what 
power plants can be used?

A survey of existing power-plant and structural concepts 
reveals that the choice is a narrow one. T he reciprocating engine 
and propeller combination is only effective at relatively low alti
tudes and speeds. Propeller efficiencies drop very rapidly at 
great altitudes unless the blades are extremely large and heavy. 
The ratio of thrust to drag attainable with this type of propulsion 
system is very unfavorable for high-speed flight. T urbojet and 
ramjet engines suffer the same general deficiencies, although the 
turbojet engine is greatly superior to its reciprocating brother in 
thrust-frontal area and thrust-weight ratios. But the value of the 
compressor element of the turbojet approaches zero as forward 
speeds rise above Mach 3. This is so because the inevitable rise in 
stagnation temperature brought about by the forward speed of 
the aircraft, when coupled with the further tem perature rise
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through the turbojet compressor, heats the incoming air to the 
no-thrust point in this speed range. This limitation is imposed 
by structural problems stemming from limitations in the strengths 
of available materiais at high temperatures. Advanced cooling 
techniques and further development of high-strength, high-temp- 
erature-resistant materiais may push this limit up but not to any 
useful degree when compared with the speed requirements neces- 
sary for orbiting the earth. The case for the ramjet, similar to 
that of the turbojet, is slightly more favorable. Here we do not 
have to worry about structural loads on centrifugally stressed 
turbine and compressor elements. T he high stagnation tempera- 
ture of the incoming atmosphere remains as a severe problem. 
T he twin necessities of furnishing a reasonable static pressure to 
support combustion and a very high forward speed to sustain 
flight cause stagnation temperatures in the combustion chambers 
and discharge nozzles to become limiting at about Mach 5. This 
is still very far from earth-orbiting velocity.

Only in the non-air-breathing rocket engine does none of 
these intrinsic limitations bar the way to earth-orbiting velocity. 
Since the rocket uses no air, high stagnation temperature of sur- 
rounding atmosphere is of no consequence to the power plant. 
Developing thrust more effectively in vacuum than in the at
mosphere, rocket-propelled vehicles may approach and exceed or
biting velocities without the problems associated with atmospheric 
friction. Theoretically, therefore, the rocket power plant should 
be capable of attaining earth-orbiting speeds and unlim ited ter- 
restrial flight ranges at very high velocities. Development of 
rockets of sufficient specific impulse, structural lightness, and re- 
liability for long-range ballistic application had to await the de
velopment of modern metallurgical techniques, of propellant 
chemistry, and of the thermodynamics required to determine 
what performance was available from the materiais at hand.

Rocket engine development program
At the conclusion of W orld W ar II the Air Materiel Com- 

mand of the Army Air Forces became interested in the further 
development of the German A-4 type rocket. As a result the rather 
battered components of tliree o ,̂ these engines were shipped from 
Germany to North American Aviation, the contractor designated 
by the project office at Air Materiel Command. At this time no 
large-scale liquid-rocket development facilities existed in the 
United States. Two large test stands and associated equipment
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for the development testing of these engines were to be erected 
at Edwards Air Force Base. Shortly after this, agreements were 
reached between the Air Materiel Command and the Curtiss- 
Wright Corporation for the use of Dr. Robert Goddard s patents 
in the Army Air Forces’ rocket development work. Additional 
work to establish the operational effectiveness of nitric acid as a 
rocket oxidant was contracted at Aerojet, Bell, and Kellogg.

It was the conviction at this time of the Army Air Forces, 
which became the United States Air Force in 1947, that the rocket 
development program should be handled in a manner like that 
of other engine development programs. Traditionally industry 
had always been regarded as a partner in these ventures. It was 
felt that a continuation of this policy would make available the 
most competent organizations and best brains for rapid exploita- 
tion of rocket art. The former Air Corps’ engine development 
programs, dating back to the days of the Hispano-Suiza and Lib
erty engines of World War I, had attempted to harness available 
sources of industry to development and production programs. The 
Air Force feels today that this was a wise decision. The fact that 
the only successful large liquid-rocket engine programs in the 
United States have been Air Force programs is in no sinall measure 
due to this manner of operation. This policy has greatly eased 
transition from applied research to development to production 
and has minimized scientific stagnation.

Since the inception of these rocket development programs 
the Air Force has spent large sums of money on the development 
of rocket engines. This expenditure was justified by the belief 
that only through the development of such power plants could 
high-speed, long-range guided ballistic and aerodynamic missiles 
be created. The men entrusted with the development of this de- 
vice for the U.S. Air Force were experienced in developing suc
cessful reciprocating and turbojet engines. They had no delusions 
about the relationship between demonstration of basic principies 
and completed development of rocket engines adequate in relia- 
bility and simplicity for inclusion in the military inventory. The 
Air Force understood that preliminary design and demonstration 
of feasibility of basic principies amounted to less than hve per 
cent of the costs of an engine-development program. Each rocket- 
development project, in the Air Force view, would be faced with 
a long period of component tests, engine shakedown, and redesign. 
This realistic attitude has meant that the activities have seemed 
unspectacular, and achievements have seemed to be attained at 
a relatively slow pace.
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N ava jo 1946 Large, lig h tw e ig h t th rus t cham bers, much design da ta  fo r  la rge  
liqu id -oxyg en -a lcoh o l engines, la rg e  in je c to r design techniques, 
much in e rt ia l gu idance  design d a ta . Illus tra ted  a ir-b e a rin g  gyro  
lim ita tions , and p rov ided  firs t successtul Am erican la rge  liqu id  
rocket eng ine.

MX-774 1946 C on tro l techn iques em p loy ing  sw ive ling  engines, lig h tw e ig h t 
structures fo r  tanks, and sepa ra tion  techniques.

A tlas 1951 U ltra  lig h tw e ig h t ta n k  structures, fe a s ib ility  o f very h igh  expansion- 
ra tio  d ischarge  nozzles, precision gu idance  and con tro l, deve lop- 
menf o f h igh  specific im pulse from  conventiona l p rope llan ts , ap- 
p rec ia tion  o f p ro p e lla n t u tiliz a tio n  problem s and techniques o f 
a tta ck in g  them.

Rocket 1951 Large hyd roca rbon  liq u id  oxygen  rocket engines, advanced high
Engine suction specific  pumps, ve ry  lig h tw e ig h t g im b a lin g  systems, fluo -
Advancem ent rine  rocket techno logy , techniques lead ing  to  extension o f stable
Program com bustion lim its o f rocket engines, p rac tica l methods o f ig n itio n  

and h a n d lin g  o f s ta rtin g  transien ts, lim ita tio n s  and methods o f 
th ro tt lin g , ve ry  la rg e  tu rb o  pumps and th rus t chambers. This 
p rog ram  has p ro v id e d  the  basis fo r  a ll the  la rge  oxygen h yd ro 
ca rbon  rocket eng ine  w o rk  in the  U nited States.

N a la r 1951 Extensive p ro p e lla n t pe rfo rm ance  and ig n itio n  w ork , short combus
tio n  cham bers, ra p id  ig n it io n  a t low  tem pera tures, ingen ious 
positive  expu ls ion tanks.

Shrike 1947 First closely co n tro lle d  series p roduc tion  o f pressurized h yd ro 
carbon  n itr ic  acid  rocket.

Rasca 1 1947 Turbo-pum p d riven , tw o  leve led-thrust engines, au tom atic  contro l 
systems, p rac tica l acid  hyd roca rbon  gas generators.

X-2 1947 H ig h -ra tio , continuous th ro tt lin g  o f liqu id -oxygen -a lcoho l engines, 
e a r ly  em p loym ent o f common p ro pe lla n ts  fo r  th rust cham ber and 
gas g e n e ra to r, ta nk  p ressuriza tion  by tu rb in e  d ischarge heat 
exchanger, d irec t-d rive n , h igh-speed p ro p e lla n t pumps, spark p lug
ig n itio n .

LR-45 1949 M echanica l techn iques lea d in g  to  safe o p e ra tio n  o f n itr ic  acid 
hyd roca rbon  rockets, a u tom a tic  h igh-response-rate  con tro l systems, 
h igh -perfo rm ance  p ro p e lla n t pum ps and specia lized bearings and 
lu b rica tio n  systems.

LR-63 1951 Safe, h ig h ly  re lia b le , hyd roca rbon  acid , lig h tw e ig h t rocket system, 
e ffec tive  use o f re fra c to ry  ceramics, h ig h ly  com pact components.

Bomarc 1951 H ot gas pressuriza tion  d a ta , la rge  eng ine  a p p lica tio n  o f re frac
to ry  m ate ria is , design techn iques fo r  in te rac tion  o f sloshing and 
Controls, low  cost p rac tica l low  ig n it io n  ene rgy  p ro pe lla n ts  and 
com bustion techniques, sw ive ling  eng ine  con tro l system.

Falcon 1950 Q u a lity  con tro l techn iques fo r  rubber-base  p rope llan ts , design 
d a ta  fo r  case-bonded g ra ins , a g in g  characteristics o f rubbe r- 
base p rope llan ts .

16 NS 1000 1953 Large-scale e x p lo ita tio n  o f low-cost rocket p o te n tia l o f ammonium 
n itra te .

O h io  State 1949 Pum ping, h a n d lin g , and com bustion o f liq u id  hydrogen  and liqu id
Project flu o r in e .
S e rgean t* Large, h igh-m ass-ra tio , so lid  rocket techniques.
C o rp o ra l* Pressurized, n itric -ac id  rocket techniques.
N ike 1944 In itia te d  jo in tly  by O rdnance  and A ir  Force. Jo in t study p rogram  

led A ir  Force to  deve lopm ent o f G apa  and Bomarc fo r  im proved 
perform ances.

*  JPL p rogram s jo in tly supervised by m ilita ry  Services.
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By 1949 the first large engines based on the recoverecl V-2 
fragments had been fired at the new rocket facilities of Nortli 
American Aviation. They developed thrusts and thrust-weight 
ratios considerably in excess of the German units. But the Air 
Force and its contractors, with a now respectable backgrouncl of 
rocketry, realized that the basic German approach to the power 
plant was rather limited. During 1950 it was decided that th is 
initial engine effort would no longer meet more ambitious Air 
Force requirements, and the entire program for large liquid- 
rocket engines was reoriented toward larger, lighter, higher-per- 
formance units. This enlarged program produced rocket engines 
useful not only to the Air Force but to the Army as well. WJien 
the U.S. Army Ordnance Corps, sponsoring the Redstone Missile 
Development Program, had no adequate engine available within 
its own facilities, the Air Force made its engine available to Army 
Ordnance. It has since been successfully employed as the power 
plant for the Redstone missile.

During this same period, vigorous programs to develop a 
family of nitric acid—hydrocarbon rockets were being sponsored 
by the Air Force at various contractor plants. One of these de
velopment programs, intended for airplane application, involved 
subscale unit firings to establish the basic characteristics of this 
propellant pair. This subscale unit went througli many meta- 
morphoses of development and finally provided the basic device 
around which the current Nike engine is built.

Development philosophy
Although the bulk of Air Force development work is left to 

industrial contractors, the role played by Air Force engineers 
should not be overlooked. Air Force development procedures 
have been designed to receive the most irom industry for the tax- 
payers’ dollar—to develop power plants that are practical ventures 
yet press the current limits of the State of the art. A key element 
in this development is availability of Air Force ofhcers of sufficient 
technical competence to recognize real potentials of scientific 
development, to discard pseudoscientific hogwash, and to apply, 
through good management techniques, lessons learned on previous 
engine programs. There is no way in which the responsibility for 
setting up weapon-development programs can be divorced from 
the military. If the objectivcs of such a development program are 
unreal, the contractor, regardless of his intrinsic competence, will 
fail. If proper guidance is not supplied by the military, the con-
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tractor’s program will be so prolonged as to invite exceedingly 
high costs and produce vcry little of technical merit.

Because the Air Force was convinced that long-range rocket- 
propelled missiles would become necessary weapons and that the 
development of suitable rocket engines would be the pacing factor 
for these missiles, its rocket programs continued even through the 
years of lean appropriations prior to the Korean War. As a result 
when the ballistic missile designers’ job was suddenly and dra- 
matically eased by the advent of practical, lightweight thermo- 
nuclear warheads, the Air Force was ready to begin matching 
th is development with a ballistic missile delivery vehicle. Rocket- 
propellant pairs had been selected as best for this job because of 
economy, availability, performance, and handling characteristics; 
engine components were in a realistically advanced State of de
velopment, and the means of estimating facility, manpower, and 
dollar requirements to meet accelerated programs had been de- 
veloped. On the firm foundation of this continuous, vigorously 
prosecuted Air Force rocket development program, all the long- 
range and intermediate-range ballistic missiles now in develop
ment by the United States have been based. Again at this stage 
of the development of rocket engines, the Air Force has made 
available its rocket engines to the Army Ordnance Corps for use 
in the Júpiter program.

Structure and control
All the components of long-range ballistic and aerodynamic 

missiles, except for the rocket-engine power plants, are direct 
descendants of basic components in modern military aircraft. The 
Air Force and its contractors spent twenty-five years developing 
structural materiais and m anufacturing techniques that offer high 
strength and low weight. A high percentage of the cost of the 
development of lightweight alloys and high-temperature alloys in 
this country has been underw ritten by the U.S. Air Force in one 
form or another.

In ballistic missiles, range is an especially sensitive function 
of the ratio of propellant weight to total weight. Two items es- 
sential to long ballistic ranges are high-performance rocket power 
plants and extremely low weights of structural elements. In recog- 
nition of this, shortly after W orld W ar II the Army Air Forces 
started a program with Convair for intensive studies of structure, 
control, and guidance of long-range ballistic missiles. This pro
gram eventually led to impressive advances in control of ballistic
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missiles through gimbaling of rocket engines, better understand- 
ing of the requirements of guidance components, and a light- 
weight structural concept now employed in the Air Force ICBM 
program. The basic structures of all the long-range and inter- 
mediate-range guided missiles, ballistic and aerodynamic, of the 
USAF are highly sophisticated and employ subtle techniques 
coupled with carefully chosen materiais to attain strength-weight 
ratios of a very high order. Each of the Air Force missiles lias de- 
veloped a structure peculiarly suited to the specific purpose. T hat 
these structural approaches have produced superior results is in- 
dicated by the recent action of the Army Ordnance Corps. After 
it examined the basic structure of the Air Force T hor missile, 
Army Ordnance decided to alter its basic structural design of the 
Júpiter missile to permit employment of the materiais and fabri- 
cation techniques utilized on Thor.

The extension of missile control systems beyond performance 
limits of piloted aircraft has not proved as difficult as extrapola- 
tions of other elements. In the operational employment of mis
siles themselves many other conventional Air Force elements must 
be brought into play. Thus a long-range or intermediate-range 
missile would be of limited use without Air Force target-system 
information, reconnaissance, and communication nets, all inte- 
grated under central control. Only with these can missile devices 
be efficiently meshed into the operations of present manned bomb- 
ers so as to destroy with a m inimum effort the most significam 
items of potential enemy resistance.

The Air Force missile program encompasses both ballistic and 
aerodynamic types of vehicles designed to cover many applications 
over both long and intermediate ranges. This program has been 
based upon a consistem philosophy systematically pursued over 
a long period of years. The Air Force mission in this field has 
been well understood, was reiterated in the Key West agreement 
reafhrming roles and missions of the three Services, and further 
confirmed by the Secretary of Defense in his recent memorandum. 
This program has proceeded along lines of development demon- 
strated to be effective through past extensive experience with large 
airborne vehicles. This program has not been spectacular, but 
massive and sound. There is every reason for confidence that it 
will do the job well and on schedule.

Air Force Ballistic Missile Division, H q A RI)C



Notes on Technical Aspects 
of Ballistic Missil es

T e c h n i c a l  T r a i n i n g  a n d  S c i e n t i f i c  R e l a t i o n s  G r o u p  

G u i d e d  M i s s i l e  R e s e a r c h  D i v i s i o n  

T h e  R a m o - W o o l d r i d g e  C o r p o r a t i o n

TH E S E  n o te s  a re  in te n d e d  to  p ro v id e  a b r ie f  in t r o d u c t io n  to  th e  te c h n ic a l 
a sp e c ts  o f  th e  IJS A F  b a l l is t ic  m iss ile  p ro g ra m . P a r t i c u la r  e m p h a s is  is 
g iv e n  to  p ro b le m s  th a t  a re  n e w  o r  n ew ly  c r i t ic a i. T o p ic s  a re  c o v e re d  in  

a n  o r d e r  su g g e s te d  by th e  r e la t io n s h ip s  a m o n g  th e m .

The Systems Concept

A b a l l i s t i c  m iss ile  sy stem  o b v io u s ly  c o n sis ts  o f  a t r e m e n d o u s  n u m b e r  o f  com - 
p o n e n ts  a n d  d e ta i le d  p a r ts  th a t  m u s t b e  d e s ig n e d , d e v e lo p e d , a n d  a sse m b le d  
in to  a w o rk in g  system . L ess o b v io u s , p e rh a p s , is th e  fac t th a t  th e  systerns 
engineering d e v o te d  to  th e  s tu d y  a n d  p l a n n in g  o f  th e  o v e r-a ll system  is a 
s ig n if ic a m  a n d  v ita l  p a r t  o f  th e  p ro g ra m . S ystem s e n g in e e r in g  is d is tin -  
g u ish e d  by its p r im a ry  e m p h a s is  o n  th e  r e la t io n s h ip s  o f  th e  v a r io u s  p o r t io n s  
o f  a  sy stem  to  o n e  a n o th e r  a n d  to  th e  o v e r-a ll system  p e r fo rm a n c e .

I n  a  systerns e n g in e e r in g  a p p r o a c h  a m iss ile  is in i t ia l ly  p l a n n e d  in  b ro a d  
o u t l in e ,  e s se n tia l ly  in  b lo ck  d ia g ra m  fo rm , a n d  th e  in te ra c t io n s  o f  th e  d iffe r-  
e n t  p a r ts  w ith  o n e  a n o th e r  a re  s tu c lie d  in  c le ta il b e fo re  a n y  h a rd w a re  de- 
s ig n s a re  co m m ittec l to  th e  m iss ile . N e ce ssa rily  th e  p o te n t ia l i t ie s  o f  d e ta i le d  
h a r d w a r e  m u s t p la y  a n  im p o r ta n t  p a r t  in  th e  s e le c tio n  o f  p o ss ib le  systerns fo r 
s tu d y  a n d  in  th e i r  e v a lu a t io n ,  b u t  th e  e m p h a s is  is f u n d a m e n ta l ly  o n  veritv - 
in g  th a t  th e  system  as a w h o le  c an  b e  a p ra c tic a l , r e l ia b le .  a n d  su ffic ien tly  
p re c is e  s o lu t io n  to  th e  m il i ta ry  p ro b le m .

I n  a n  a l te r n a te  a n d  less sa tis fa c to ry  in i t i a l  a p p ro a c h  v a r io u s  d e s ig n s  o f  
e n g in e s , g y ro sco p es , a i r f r a m e  s t ru c tu re s ,  a n d  so o n  m ig h t be  se lec ted  o n  th e  
bas is  o f  th e i r  sa tis fa c to ry  p e r fo r m a n c e  in  p re v io u s  m ili ta ry  d e v e lo p m e n ts ,  
m o c lif ie d  to  m e e t th e  m o re  o b v io u s  sy stem  re q u ir e m e n ts ,  a n d  th e n  co m m it- 
tecl to  th e  n e w  m issile . A n  in c re a s in g  e f fo r t  m ig h t th e n  be  a p p l ie d  to  w o rk in g  
o u t  f u r th e r  d e ta i ls  o f  th e  sy stem . S ueli a n  a p p r o a c h  in e v ita b ly  w o u ld  le a d  
to  a p ro lo n g e d  sc h e d u le , a n d  p e rh a p s  ev en  to  a n  in fe r io r  m issile . As th e  
p ro g ra m  m o v e d  o n , m a n y  d e c is io n s  w o u ld  h a v e  to  b e  re v e rse d  o r  m o d if ie d
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b ecause  o f system  re q u ir e m e n ts  th a t  w ere  n o t  u n d e r s to o d  a t  th e  b e g in n in g .
System s e n g in e e r in g  e v id e n tly  m u st n o t be  c o n f in e d  to  th e  in i t ia l  p la n -  

n in g  b u t  m u s t p e rm e a te  th e  e n t i r e  re sea rc li a n d  d e v e lo p m e n t p h ase s , a n d  
ev en  p ro d u c t io n . A lth o u g h  th e  in i t ia l  r e s e a r th e s  m u s t be  as th o ro u g h  as 
possib le , m an y  d ec is io n s  m u s t b e  m a d e  b o ld ly  o n  th e  basis o f  in c o m p le te  
in fo rm a t io n . In v e s tig a tio n  m u s t c o n t in u e  so as to  d e te rm in e  w h e th e r  f u r th e r  
d a ta  s u p p o r t  th e  d ec is io n s. A n y  in d ic a t io n s  o f  th e  n e e d  fo r  c h a n g e s  m u s t b e  
c a re fu lly  w e ig h ed .

T h e  system  c a n n o t  b e  p la n n e d  in i t ia l ly  in  c o m p le te  d e ta il .  W i th in  th e  
subsystem s th e  in p u t- o u tp u t  r e la t io n s h ip s  a n d  g e n e ra l  c o n f ig u ra tio n  o f  w h ich  
h av e  b e e n  te n ta tiv e ly  e s ta b lish e d , m o re  d e ta i le d  system s e n g in e e r in g  m u s t 
be c a r r ie d  o u t .  As th e  d e v e lo p m e n t p ro g resses , i t  m u s t re c e iv e  c o n t in u e d  
m o n ito r in g  f ro m  a n  o v e r-a ll system s e n g in e e r in g  p o in t  o f  vievv. T h i s  is 
e sp ec ia lly  im p o r ta n t  in  tim e s  o f  a p p a r e n t  crisis  su ch  as m ay  o c c u r  in  a n y  m is- 
sile  p ro g ra m , b ecau se  a p ro p o s e d  c h a n g e  in  p ro p u ls io n ,  fo r  e x a m p le , m ig h t 
r e q u ir e  a c c o m p a n y in g  ra d ic a l  c h an g e s  in  g u id a n c e  o r  o th e r  a rea s . I f  th e  
in i t ia l  p la n n in g  w as s o u n d  w ith in  th e  l im i ta t io n s  o f  a v a i la b le  in fo r m a t io n  
a n d  c o m p e te n t  e n g in e e r in g  is a v a i la b le  a t  b o th  system  a n d  m o re  d e ta i le d  
leveis, su ch  a n  a p p a r e n t  crisis o r d in a r i ly  is q u ic k ly  re so lv e d  by a few  m in o r  
chan ges.

T h u s  ít is seen  th a t  system s e n g in e e r in g  in  a b a ll is t ic  m iss ile  o r  a n y  
s im ila r  p ro g ra m  re q u ire s  e m p lo y m e n t o f  la rg e  n u m b e r s  o f  sp e c ia lis ts  a n d  
a lso  o f  a n  a d e q u a te  n u m b e r  o f  c o m p e te n t  a d m in is t r a to r s  w h o  c a n  c e m e n t 
th e m  to g e th e r  in to  a b ro a d -v is io n e d  e ffec tiv e  te a m . T h e  o v e r-a ll system s 
e n g in e e r in g  e ffo rt fo r  th e  p re s e n t  U S A F  p ro g ra m  is c a r r ie d  o u t  p r im a r i ly  in  
th e  G u id e d  M issile  R e se a rc h  D iv is io n  o f  T h e  R a m o -W o o ld r id g e  C o r p o r a 
tio n , in  a c c o rd a n c e  w ith  its  r e s p o n s ib i l i t ie s  as te c h n ic a l d i r e c to r  o f  th e  p r o 
g ra m  a n d  te c h n ic a l a d v is o r  to  th e  A ir  F o rce  B a llis tic  M iss ile  D iv is io n  o f 
H e a d q u a r te r s  A ir  R esea rch  a n d  D e v e lo p m e n t C o m m a n d , U S A F . T h e  m o re  
d e ta i le d  system s e n g in e e r in g  w ith in  th e  v a r io u s  su b sy s tem s is p r im a r i ly  th e  
re s p o n s ib ili ty  o f  th e  c o r re s p o n d in g  c o n tra c to rs .

At the request of the E ditors fo r some reasonably nontechnical exp lanation  of the 
principies and concepts underly ing  the developm ent of the long-range ballistic 
missile, D uane Roller (P h .D ., physics, C alifórnia In stitu te  of Technology) and 
his staff of the Technical T ra in ing  and Scienlifie Relations G roup wrote the ac
com panying “ Notes ' fo r the special Ballistic Missile edition o f the Q u a r tr r ly  R e -  
vietc, where they contribute m aterially  to fu lle r understand ing  of the USAF m issile 
program  depicted in the various articles. Associated with Dr. R oller in w riting the 

Notes were Charles T. Morrow (P h .D ., acoustics and Com m unications, H arvard 
L niversity ), Reed P. Berry (M .S., eng ineering , University of C alifórnia at Los An
geles), and John  H errick (B .S., aeronau ties; B.S., m eehanical eng ineering , Tri- 
?*tate College). The Notes” offer a b rief but rem arkahly  lucid exposition of the 
basir concepts of missile systems, subsystem s and com ponents, control and guid- 
ance, rocket engines, p ropellants, theory of tra jectories, testing, and m onitoring .



Systems and Subsystems of a Long-Range Ballistic Missile

A b a l l i s t i c  m iss ile  m ay  b e  c o n s id e re d  as a n  a ssem b lag e  o f a n u m b e r  o f  
in te r c o n n e c te d  a n d  in te r a c t in g  sy stem s a n d  su b sy stem s th a t  p e rfo rm  d is tin c t 
fu n c t io n s  in  th e  a c c o m p lis h m e n t o f  th e  m iss io n  o f th e  m issile . In  a  m ili ta ry  
m iss ile  th e  p a y lo a d  is a  warhead—h ig h  e x p lo s iv e , a to m ic , o r  th e rm o n u c le a r  
in  n a tu r e —th a t  is to  b e  d e l iv e re d  to  a n d  d e to n a te d  a t  a p r e d e te r m in e d  ta r- 
g e t in  e n e m y  te r r i to ry . T h e  w a rh e a d . to g e th e r  w ith  its a u x il ia ry  e q u ip m e n t ,  
su ch  as a fu z in g  system , is in c o r p o ra te d  in  th e  nose cone o f  th e  m issile .

D e liv e ry  o f th e  w a rh e a d  to  a p re d e te r m in e d  ta rg e t  r e q u ire s  in c lu s io n  in  
th e  m iss ile  o f  a guidance system. T h i s  sy stem  re g u la te s  th e  p o s it io n  a n d  
v e lo c ity  o f  th e  c e n te r  o f  m ass o f  th e  v e h ic le  d u r in g  p o w e re d  flig h t, w ith  th e  
p u rp o s e  o f  e s ta b lis h in g  a sa tis fa c to ry  tr a je c to ry  p r io r  to  th ru s t  c u to ff . A 
control system is a lso  n ecessa ry  so as to  m a in ta in  a t t i tu d e  s ta b i l i ty  o f  th e  
m iss ile  d u r in g  p o w e re d  flig h t, to  p r e v e n t  u n d e s ir a b le  re sp o n se s  w h e n  over- 
r id in g  g u id a n c e  s ig n a ls  a re  in t r o d u c e d , a n d  to  c o rre c t d e f le c tio n s  c a u se d  by 
w in d s , gu s ts , a n d  o th e r  d is tu rb a n c e s .

E le c tr ic  p o w e r  is r e q u ir e d  fo r  th e  g u id a n c e  a n d  c o n tro l  system s. T h is  
p o w e r , as w e ll as a n y  r e q u i r e d  h y d ra u l ic  o r  p n e u m a t ic  p o w e r , is fu rn is h e d  
by  a  su b sy s tem , th e  accessory power supply.

F o r  th e  propulsion system, p re se n t-d a y  lo n g -ra n g e  b a ll is t ic  m issiles u til iz e  
ro c k e t p o w e r  p la n ts  w ith  l iq u id  o x id iz e r  a n d  l iq u id  fu e l as th e  p r o p e l la n t .  
T h e  f u tu r e  m ay  see th e  d e v e lo p m e n t  o f  lo n g -ra n g e  m issiles w ith  so lid -p ro p e l-  
l a n t  ro c k e t e n g in e s . T h e  use o f  n u c le a r  p o w e r  a lso  is a n  e v e n tu a li ty .

Flight monitoring equipment, p a r t  o f  w h ich  is c a r r ie d  by th e  m iss ile , is 
n e e d e d  to  p ro v id e  su ffic ien t d a ta  fo r  e a c h  te s t f lig h t to  ju s tify  th e  e x p e n se  
a n d  e ffo rt o f  th e  firing .

F in a lly  th e re  is th e  airframe, th e  s u p p o r t in g  s t ru c tu re  fo r  e v e ry th in g  else 
in  th e  m iss ile . E ach  o f  th e  a fo re m e n t io n e d  system s o r  su b sy s tem s co m p rise s  
a  n u m b e r  o f  f u r th e r  su b sy s tem s, c o m p o n e n ts ,  a n d  c o m p o n e n t  p a r ts . F o r  
e x a m p le , th e  l iq u id - p r o p e l la n t  p ro p u ls io n  system  in c lu d e s  n o t  o n ly  th e  ro c k e t 
e n g in e s  a n d  p r o p e l la n t  ta n k s  b u t  a lso  th e  tu r b o p u m p s  fo r  fo rc in g  p ro p e l-  
la n ts  in to  th e  e n g in e s , th e  p r o p e l la n t  u t i l iz a t io n  sy stem  fo r  m o n i to r in g  a n d  
c o n tr o l l in g  th e  d isc h a rg e  ra te s  f ro m  th e  p r o p e l la n t  ta n k s , th e  ig n i t io n  cir- 
c u i t ry  fo r  s t a r t in g  th e  e n g in e s , a n d  so o n . H o w e v e r  i t  rn u st b e  e m p h a s iz e d  
th a t  w h ile  a ll th ese  s u b d iv is io n s  c a n  be  s tu d ie d  a n d  d iscu ssed  in d iv id u a lly , 
t h e i r  d e s ig n e rs  m u s t g iv e  fu ll  c o n s id e ra t io n  to  th e  in te ra c t io n s  b e tw e e n  th e m  
if th e  m iss ile  is to  o p e r a te  su ccessfu lly . T h u s  th e  m iss ile . a t  ev ery  s te p  o f 
its  d e v e lo p m e n t,  m u s t b e  c o n s id e re d  as a  c o m p le x  o f c lose ly  r e la te d  a n d  
in te r a c t in g  m ec h a n ism s .

Powered Flight of the Missile

P o w e r  p ro d u c e d  by ro c k e t  e n g in e s  is a p p l ie d  to  a n  IC B M  o r  a n  IR B M  o n ly  
d u r in g  th e  in i t ia l  p o r t io n  o f  its  flig h t, f ro m  th e  launch point to  th e  thrust-
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cutoff p o in t  B (F ig. 1). A ll n ecessary  g u id a n c e  a n d  c o n tro l  o f  th e  m issile  
m u s t be  a cc o m p lish e d  d u r in g  th e  p o w e re d  f lig h t, fo r  th e  m iss ile  m o tio n  can- 
n o t be  in H u en ced  w h e n  p o w e r  is n o  lo n g e r  a v a i la b le .

T h e  IC B M  a n d  th e  IR B M  a re  la u n c h e d  v e r tic a lly , fo r  th is  s im p lif ie s  
th e  la u n c h e r  r e q u ir e d  fo r  th ese  la rg e  v e h it .e s  a n d  a lso  s h o r te n s  th e  tim e  
th a t  th ey  a re  close to  th e  g r o u n d  d u r in g  tak e-o ff. A f te r  th is  in i t ia l  v e r tic a l 
c lim b  th e  v e h ic le  u n d e rg o e s  a p ro g ra m e d  tu rn  to w a rd  th e  ta rg e t . D u r in g  th is  
tu rn  th e  g u id a n c e  system  b e g in s  to  fu n c t io n  a n d  c o n tin u e s  to  d o  so u n t i l  
th e  d e s ire d  a l t i tu d e  h, speecl V, a n d  a n g le  y a re  a tta in e c l (a t B, F ig . 1), w h e re -  
u p o n  it  g ives th e  s ig n a l fo r  c u to f f  o f  th e  p ro p u ls iv e  p o w e r. P e rc e p tio n  a n d  
c o r re c t io n  o f v eh ic le  a t t i tu d e ,  e x e rc ise d  by th e  c o n tro l  system . a re  c o n t in u o u s  
d u r in g  th e  p o w e re d  flig h t. B o th  th e  a t t i tu d e  o f  th e  v e h ic le  a n d  th e  m o tio n  
o f  its  c e n te r  o f  g ra v ity  re la t iv e  to  th e  r e q u ir e d  tr a je c to ry  a re  a d ju s te d  by 
a l te r in g  th e  d ire c t io n  o f th e  th ru s t  o f  th e  ro c k e t e n g in e s , fo r  in s ta n c e , by 
p u t t in g  je t  v an es  in  th e  e x h a u s t  s tre a m  o r  by  g im b a lin g  th e  ro c k e t th ru s t  
ch am b e rs .

T h e r e  a re  m an y  sets o f  v a lu e s  o f th e  sp ee d  V, a n g le  y, a n d  s p a t ia l  posi- 
t io n  o f  B th a t  w ill p u t  th e  n o se  c o n e  o n  a tr a je c to ry  t e r m in a t in g  a t  th e  d e 
s ire d  ta rg e t;  b u t  som e se ts a re  m o re  fa v o ra b le  th a n  o th e r s  in  re s p e c t to  
a m o u n t  o f  p r o p e l la n t  c o n su m e d  by th e  e n g in e s  o r  r e q u ir e d  p re c is io n  o f a im . 
I t  is th e  fu n c t io n  o f  p o w e re d  flig h t to  im p a r t  to  th e  no se  co n e , as a c c u ra te ly  
as p o ss ib le , a fa v o ra b le  se t o f  th e se  p a ra m e te r s .

T h e  en e rg y  e x p e n d e d  in  p r o p e l l in g  th e  v e h ic le  d u r in g  th e  p o w e re d  
flig h t in c rea se s  w ith  th e  w e ig h t o f  th e  v e h ic le . B ecau se  b o th  th e  k in e t ic  a n d  
th e  p o te n t ia l  e n e rg ie s  a re  a p p ro x im a te ly  p r o p o r t io n a l  to  th e  w e ig h t o f  th e  
v eh ic le  a t  th ru s t  c u to ff , it is d e s ira b le  th a t  th is  w e ig h t b e  as l i t t l e  as p o ss ib le  
in  excess o f  th e  w e ig h t o f  th e  n o se  c o n e . T h i s  o b je c tiv e  is a id e d  v ery  m a te ri-  
a lly  by d iv id in g  th e  v e h ic le  in to  tw o  o r  m o re  p a r ts , o r  stages, w ith  each  s tag e  
c o n ta in in g  a ro c k e t p ro p u ls io n  system . L a u n c h in g  is a c c o m p lish e d  by s ta r t-  
in g  th e  e n g in e s  o f  th e  f irs t s tag e  a n d , in  so m e clesigns, a lso  o f  o th e r  stages. 
A t som e tim e  d u r in g  th e  p o w e re d  flig h t th e  f irs t-s tag e  e n g in e s  a re  s h u t d o w n , 
a n d  th is  s tag e  is je t t is o n e d  fro m  th e  r e m a in d e r  o f  th e  v eh ic le . T h e  e n g in e s  
o f th e  n e x t  s tag e  a re  th e n  s ta r te d , if th e y  a re  n o t a lre a d y  o p e r a t in g ,  a n d

free flig h t
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th ey  p r o p e l  th e  v e h ic le  o n  to w a rd  B. As th e  m issile  n e a rs  B, th e  e n g in e s  o n  
th e  la s t s tag e  a re  s h u t d o w n , a n d  th e  fin a l a d ju s tm e n t  o f th e  v e lo c ity  n e e d e d  
to  k e e p  th e  n o se  co n e  o n  a t r a je c to ry  th a t  w ill r e a c h  th e  ta rg e t  is accom - 
p l is h e d  w ith  ro c k e t e n g in e s  o f c o m p a ra tiv e ly  sm all th ru s t ,  c a lle d  vernier 
engines. T h u s  th e  te rm  thrust-cutoff point B re fe rs , a c c u ra te ly  sp e a k in g , to  
th e  p o in t  w h e re  th e  v e r n ie r  e n g in e s  a re  s h u t  d o w n  r a th e r  th a n  to  th e  sh u t- 
d o w n  p o in t  o f  th e  e n g in e s  o f th e  fin a l stage .

In  F ig. 2 is sh o w n  a p o ss ib le  c o n f ig u ra tio n  o f  a tw o -stage  IC B M . E ach  
s tag e  in c o rp o ra te s  o n e  o r  m o re  ro c k e t e n g in e s  E a n d  a p a i r  o f  p r o p e l la n t  
ta n k s  T 0 a n d  T,. T h e  e n g in e  o r  e n g in e s  o f  e ach  s tag e  a re  s u p p lie d  w ith  
th e  o x id iz e r  a n d  fu e l by p u m p s  Pa a n d  Pf, w h ic h  a re  d r iv e n  by a tu r b in e  T.

General Aspects of Control and Guidance
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I n  a  m iss ile  th e  p r im a ry  fu n c t io n  o f  th e  control system is to  c o n tro l  th e  at- 
t i tu d e ,  w h e re a s  th e  p r im a ry  f u n c t io n  o f  th e  guidance system is to  e s ta b lish  
a sa tis fa c to ry  tra je c to ry . W h ile  th ese  tw o  fu n c t io n s  a re  th u s  c le a rly  d is tin -  
g u is h a b le  a n d  a re  th e  r e s p o n s ib i l i t ie s  o f  d is t in c t  re s e a rc h  a n d  d e v e lo p m e n t

g ro u p s , th e  tw o  system s th em se lv e s  in te r a c t  w ith  each  
o th e r  in  n u m e ro u s  w ays. M o re o v e r  th ey  h a v e  c e r ta in  de- 
v ices in  c o m m o n , fo r  in s ta n c e , je t  v a n e s  o r  sw iv e lin g  
e n g in es .

A b a ll is t ic  m iss ile  is d e p e n d e m  o n  th e  c o n tro l 
sy stem  fo r  m a in te n a n c e  o f  a s ta b le  a t t i tu d e ,  e sp ec ia lly  
in  th e  lo w -sp eed  p o r t io n  o f  th e  tra je c to ry  im m e d ia te ly  
a f te r  tak e -o ff. T h e  c o n tro l  system  m u s t p re v e n t  th e  de- 
f le c tio n  o f  th e  m iss ile  d u r in g  a n d  a f te r  a n y  d is tu rb a n c e , 
su ch  as a g u s t, f ro m  b e c o m in g  u n a c c e p ta b ly  la rg e  a n d  
m u s t p re v e n t  w o b b lin g  in  a t t i tu d e  a f te r  a  g u id a n c e  
c o m m a n d . B ecau se  it is d ilf ic u lt to  m a in ta in  su ffic ien tly  
t ig h t c o n tro l  w i th o u t  m a k in g  th e  m iss ile  u n s ta b le  a t 
f re q u e n c ie s  fo r  w h ich  it r e a d ily  v ib ra te s , a s ig n if ic a m  
p o r t io n  o f  th e  c o n tro l  system  e n g in e e r in g  m u st b e  con- 
c e rn e d  w ith  e ífec ts  o f  a i r f r a m e  v ib ra tio n s , p r o p e l la n t  
m o tio n s , a n d  so f o r th  o n  th e  c o n tro l  system . S o lv in g  
th e  c o n tro l  p ro b le m  is s o m e w h a t lik e  t ry in g  to  b a la n c e  
a  fo u r- fo o t le n g th  o f  g a rd e n  hose  o n  its  e n d .

A lth o u g h  th e  p o ss ib ili ty  o f  in s ta b i l i ty  r e s u l t in g  fro m  
in te r a c t io n s  b e tw e e n  th e  g u id a n c e  a n d  c o n tro l  system s 
n e e d s  so m e a t te n t io n ,  m o st o f  th e  e ffo rt o f p la n n in g  
th e  g u id a n c e  in  a b a ll is t ic  m issile  p ro g ra m  goes in to  in- 
v e s tig a tio n s  o f  th e  d e ta ils  o f  th e  p o w e re d  a n d  b a llis tic  
tra je c to r ie s , th e  e s ta b l is h m e n t o f  c r i te r ia  to  e n s u re  th a t  
th e  m iss ile  w ill p ro c e e d  fro m  th e  th ru s t-c u to ff  p o in t  
to  th e  ta rg e t ,  th e  d e s ig n  o f a sy stem  fo r  m e a s u r in g  posi-
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Figure 2
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tio n  a n d  v e lo c ity  w ith  su ffic ien t p re c is io n , a n d  th e  d e v e lo p m e n t  o f  sa tisfac- 
to ry  c o m p u te rs  fo r g e n e ra t in g  p re c ise  c o rre c tiv e  m a n e u v e rs .

A  ch o ice  o f  tra je c to ry  m u s t be  m a d e  th a t  w ill ease  th e  p ro b le m s  o f 
p ro p u ls io n  a n d  g u id a n c e  as m u c h  as p o ss ib le . I f  th e  b a ll is t ic  t r a je c to ry  is 
su ffic ien tly  u n d e rs to o d  a n d  if  m e a s u re m e n ts  a n d  c o rre c t iv e  m a n e u v e rs  c an  
b e  m a d e  w ith  su ffic ien t p re c is io n  d u r in g  th e  p o w e re d  flig h t, th e  m iss ile  w ill 
h i t  its  ta rg e t.

Radio-lnertial Guidance

I n  radio-inertial, o r  radar-command, guidance th e  m e a s u re m e n t o f  th e  posi- 
t io n  a n d  v e lo c ity  o f th e  m iss ile  is p e r fo rm e d  by o n e  o r  m o re  g ro u n d -b a s e d  
ra d a rs , a n d  c o rre c tiv e  m a n e u v e rs  a re  c o m p u te d  by a  g ro u n d -b a s e d  C o m p u te r  
a n d  t r a n s m it te d  to  th e  m iss ile  as “ c o m m a n d s .” I n e r t i a l  e le m e n ts , su ch  as 
gy roscopes, m ay  a lso  b e  in c lu d e d  in  th e  m iss ile , th e i r  p u rp o s e s  b e in g  
to  k e e p  i t  a p p ro x im a te ly  o n  c o u rse  d u r in g  a n y  te m p o ra ry  loss o f g r o u n d  
g u id a n c e  a n d  to  p re v e n t  im p a c t o n  f r ie n d ly  te r r i to r y  in  case o f  c o m p le te  
loss o f  g r o u n d  g u id a n c e . H o w e v e r  p re c is io n  g u id a n c e  is o b ta in e d  p r im a r i ly  
fro m  th e  g ro u n d .

As in  o th e r  a p p lic a t io n s  th e  r a d a r s  th a t  m ay  b e  c o n s id e re d  a re  p r im a r i ly  
o f tw o  types, pulse radar a n d  Doppler radar. I n  th e  p u lse  r a d a r ,  p u lse s  o f 
m ic ro w av e  e n e rg y  a re  r a d ia te d  f ro m  a g r o u n d  s ta t io n , a n d  th e  tim e  lapses 
fo r  r e tu r n  o f  s ig n a ls  f ro m  th e  m iss ile  a re  m e a su re d . T h i s  m e a s u re m e n t p ro - 
v ides d ire c t  d e te rm in a t io n s  o f  th e  s la n t  r a n g e , o r  lin e -o f-s ig h t d is ta n c e , to  
th e  m iss ile  a t  a n y  in s ta n t ,  w i th in  l im i ta t io n s  im p o s e d  by th e  p re c is io n  o f  
p ra c tic a l t im e  m e a s u re m e n t a n d  th e  p re c is io n  w ith  w h ich  th e  v e lo c ity  o f  
m ic ro w av es  a lo n g  th e  b e a m  is k n o w n .
T h e  in s ta n ta n e o u s  v e lo c ity  o f  th e  
m issile  c a n  th e n  b e  c o m p u te d  in  
te rm s o f  th e  tim e -ra te  o f c h a n g e  of 
s la n t  ra n g e . In  th e  D o p p le r  r a d a r ,  
use is m a d e  o f th e  fac t th a t  th e  r e 
tu r n  s ig n a l is sh if te d  in  c a r r ie r  fre- 
q u e n c y  by  a n  a m o u n t p r o p o r t io n a l  
to  th e  v e lo c ity  w ith  w h ic h  th e  m is 
sile  is m o v in g  aw av  f ro m  th e  r a d a r  
(F ig. 3). T h u s  m e a s u re m e n t o f  th is  
sh if t  g ives th e  v e lo c ity  d ire c tly , w i th 
in  l im ita t io n s  s im ila r  to  th o se  fo r  th e  p u lse  r a d a r .  I n s ta n ta n e o u s  s la n t  r a n g e  
c a n  be  c o m p u te d  fro m  th e  v e lo c itie s  o r  by  c o u n t in g  th e  b e a ts  b e tw e e n  th e  
t r a n s m it te d  a n d  r e tu r n e d  s ig n a ls . E i th e r  ty p e  o f  r a d a r  c a n  a lso  b e  d e s ig n e d  
to  m e a su re  a n g le s  as w e ll as ra n g e . T h u s  c o m p le te  in fo r m a t io n  o n  th e  in 
s ta n ta n e o u s  p o s itio n  o f th e  m issile  m ay  b e  o b ta in e d  w ith  o n e  r a d a r  o r  by 
t r ia n g u la t io n  w ith  th re e  o r  m o re  ra d a rs .

Refraction of microwaves in clouds. W h e n  a tr a c k in g  r a d a r  is u sed  fo r

Fig. 3. Doppler Effect



Fig. 5. Flame Attenuation

g u id a n c e  o f a n  IC B M  o r  IR B M , o r  fo r  e v a lu a t io n  o f  th e  g u id a n c e  system , a n  
e r r o r  in  a p p a r e n t  d i r e c t io n  o f  th e  m iss ile  c a n  b e  p r o d u c e d  by r e f r a c t io n  o f 
th e  m ic ro w a v e s  in  c lo u d s  (F ig . 4). T h i s  p r o b le m  is u n d e r  e x p e r im e n ta l  a n d  
th e o re t ic a l  in v e s tig a t io n . I n  o n e  o f  th e  m o s t p ro m is in g  a n d  c o n v e n ie n t  ty p es 
o f  e x p e r im e n t ,  a r a d a r  a n d  a m ic ro w a v e  re f le c to r  a re  u se d  to  se n d  b e am s  o u t  
a n d  b a c k  b e tw e e n  s ta t io n s  in  a v a lley  a n d  o n  a  m o u n ta in  in  a  re g io n  w h e re  
in te r v e n in g  c lo u d s  a re  f r e q u e n t .  T h e  v a r ia t io n s  in  th e  a p p a r e n t  d ire c t io n  
o f  th e  re f le c te d  b e a m  as th e  c lo u d s  d r i f t  by  c a n  b e  s tu d ie d  a n d  d e s c r ib e d  in  
s ta t is t ic a l  te rm s.

Flame attenuation. A t h ig h  a l t i tu d e s  th e  e x h a u s t  flam e f ro m  th e  ro c k e t 
e n g in e s  sp re a d s  to  a la rg e  a n g le . W h e n  r a d io  c o m m u n ic a t io n  b e tw e e n  th e  
m iss ile  a n d  th e  g r o u n d  is n ecessa ry , th e  t ra n s m is s io n  p a th  m ay  b e  th ro u g h  th e  
flam e , a n d  th e  io n iz a t io n  o f  th e  gases in  th e  flam e  m ay  a t t e n u a te  s ig n a ls  to  
su ch  a n  e x te n t  th a t  r e c e p t io n  w ill b e  d iff icu lt (F ig . 5). T h i s  p ro b le m  is 
u n d e r  th e o re t ic a l  a n d  e x p e r im e n ta l  in v e s tig a t io n .

Inertial Guidance

A n  inertial guidance system is a  sp e c ia l so r t  o f  d e a d - re c k o n in g  system  th a t ,  
u n l ik e  r a d io  g u id a n c e , o p e ra te s  in d e p e n d e n t ly  o f  in f o r m a t io n  re c e iv e d  fro m  
o u ts id e  th e  m issile . I ts  C o m p u te r  a n d  se n s in g  in s t r u m e n ts —a se t o f  m u tu a lly  
p e r p e n d ic u la r  a c c e le ro m e te rs  m o u n te d  o n  a g y ro -s ta b iliz e d  p la t fo r m —fu rn is h  
s ig n a ls  to  th e  c o n tro l  sy stem . T h e s e  s ig n a ls  a re  b a se d  o n  d a ta  p re se t in to  
th e  g u id a n c e  system .

T h e  se t o f  a c c e le ro m e te rs  is u s e d  to  m e a su re  th e  c o m p o n e n ts  o f  th e  ve- 
h ic le  a c c e le ra t io n  a lo n g  th re e  m u tu a l ly  p e r p e n d ic u la r  a x es  (F ig . 6 ). V eloci- 
tie s  a re  c o m p u ta b le  f ro m  th e  a c c e le r a t io n s  a n d  p o s it io n s  f ro m  th e  v e lo c itie s . 
C o r re c tiv e  m a n e u v e rs  a re  th e n  c a lc u la te d  b y  th e  C o m p u te r. T h e  o r ie n ta t io n  
o f  th e  se t o f  a c c e le ro m e te rs  m u s t b e  p re c ise ly  k n o w n , fo r  o th e rw is e  th e  ac 
c e le ra t io n  c o m p o n e n ts  w ill n o t  b e  in te r p r e te d  p ro p e r ly  by th e  C o m p u te r. 
F u r th e r m o r e  it  is n ecessa ry  th a t  th e  effect o f  th e  e a r t h ’s g r a v i ta t io n a l  fo rce  
o n  th e  a c c e le ro m e te rs  b e  s u b tr a c te d  o u t .  S in ce  th is  c a n  b e  d o n e  o n ly  o n  th e



basis o f  p r io r  e s tim a te s  o f  th e  m a g n i
tu d e  a n d  d ire c t io n  o f  th is  fo rce , th e  
p la t fo rm  o n  w h ich  th e  a c c e le ro m e te rs  
a re  m o u n te d  m u st b e  s ta b iliz e d  w ith  
re sp e c t to  a k n o w n  fra m e  o f  re fe re n c e  
by  a  se t o f  p re c is io n  g y ro sco p es  a n d  
s u ita b le  se rv o m ech an ism s. T h e  r e f e r 
e n c e  fra m e s  th a t  m ay  b e  u sed  ra n g e  
f ro m  th o se  fixed  in  in e r t ia l  sp ace  
(see below “T h e o r y  o f  b a ll is t ic  tra - 

je c to r ie s ” ) to  th o se  f ix e d  re la t iv e  to  
th e  e a r th , b u t  each  p o ss ib le  r e fe re n c e  
f ra m e  im p o ses  d if fe re n t r e q u ir e m e n ts  
o n  th e  system  c o m p o n e n ts .

Inertial guidance has the obvi- 
ously great advantage that interference 
Instruments cannot be accomplished by 
another missile.

i

Fig. 6. Orientations of 

Accelerometer Sensitive Axes

w ith  th e  o p e r a t io n  o f  th e  s e n s in g  
a n y  m e a n s  s h o r t  o f  d e s tru c t io n  by

Accelerometers

T h e r j e  a re  m a n y  a c c e le ro m e te r  d e s ig n s , b u t  a ll r e d u c e  b a s ica lly  to  a n  o b je c t  
o f  k n o w n  m ass th a t  is s u b je c t  to  so m e  p re c ise ly  k n o w n  r e s t r a in t  p ro v id e d , 
fo r  e x a m p le , by  a s p r in g  o r  a  d a m p e r  (F ig . 7). I n  re s p o n s e  to  a n  acce le ra -

Acceleration

Fig. 7. Basic Accelerometer

/
's/A sp ring J  rest p o s itio n

t io n  in  th e  d ire c t io n  o f  th e  se n s itiv e  ax is , th e  o b je c t  is d is p la c e d  w ith  r e 
sp ec t to  th e  case of th e  in s t ru m e n t .  T h i s  r e la t iv e  d is p la c e m e n t is p ro p o r-  
t io n a l e i th e r  to  th e  a c c e le ra tio n  o r  to  th e  v e lo c ity  o f  th e  m iss ile , d e p e n d in g  
o n  th e  ty p e  o f  r e s tr a in t .

O n e  e x a m p le  o f th e  v e lo c ity  m e a s u r in g  ty p e  is th e  gyroscopic integrating 
accelerometer (F ig . 8). T h i s  c o n sis ts  o f  a  s in g le -ax is  in te g r a t in g  g y ro sco p e

output
axis
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w ith  a n  u n b a la n c e  m ass o n  th e  g im b a l a n d  r o ta ta b le  by a  s u ita b le  se rvom ech- 
a n ism . A n  a c c e le ra tio n  a lo n g  th e  in p u t  ax is  p ro d u c e s  a  to rq u e  a b o u t  th e  
o u t p u t  ax is . I n  re s p o n s e  to  th is  to rq u e  th e  s e rv o m e c h a n is m  ro ta te s  th e  as- 
sem b ly  a b o u t  th e  in p u t  ax is  so as to  g e n e ra te  a to rq u e  o f  e q u a l m a g n itu d e  
a n d  o p p o s i te  d ire c t io n , th u s  p r e v e n t in g  a n y  d e f le c tio n  o f  th e  g im b a l a b o u t  th e  
o u t p u t  ax is . T h e  a n g le  o f  r o ta t io n  a b o u t  th e  in p u t  ax is  p ro d u c e d  by th e  
s e rv o m e c h a n is m  is a m e a su re  o f  th e  in s ta n ta n e o u s  v e lo c ity . T h e  r e s t r a in t  in  
th is  d e s ig n  is p ro v id e d  by th e  g y ro sco p ic  a c t io n , th e  o u t p u t  ax is  d a m p in g , 
a n d  th e  se rv o m e c h a n ism .

Sled Testing

S l e d  te s t in g  is d e s ira b le  in  th e  in e r t i a l  g u id a n c e  d e v e lo p m e n t p ro g ra m  be- 
c au se  o f  th e  d ifficu ltie s  e n c o u n te r e d  in  t ry in g  to  m a k e  la b o ra to ry  m easu re - 
m e n ts  o f  th e  e r ro r s  o f  a c c e le ro m e te rs  a n d  g y ro sco p es  u n d e r  s u s ta in e d  acceler- 
a t io n s . I n  a  c e n tr i fu g e ,  w h ic h  m ay  b e  u se d  fo r  su ch  tests , th e  a c c e le ra tio n  is 
a lw ay s d i re c te d  to w a rd  th e  a x is  o f  r o ta t io n ,  a n d  th is  c o n t in u o u s  c h a n g e  in  its 
d i r e c t io n  m ay  in tr o d u c e  d is tu r b in g  effects. I n  p r in c ip ie  a s h a k e r  c a n  a lso  be  
u s e d  to  p ro v id e  in d ic a t io n s  o f  th e  e rro rs , b u t  i t  d o es  n o t  d ire c t ly  s im u la te  th e  
s u s ta in e d  a c c e le ra tio n s  th a t  o c c u r  d u r in g  p o w e re d  flig h t.

T h e  s led , w h ic h  r id e s  o n  tw o  ra ils , is a c c e le ra te d  to  a h ig h  v e lo c ity  by 
ro c k e t  e n g in e s  a n d  th e n  is s lo w e d  to  a  s l id in g  s to p  by  a w a te r  b ra k e  th a t  p ick s 
u p  w a te r  f ro m  a c h a n n e l  b e tw e e n  th e  ra i ls ; th is  d e c e le r a t io n  c a n  b e  con- 
t r o l le d  b y  p r e s e t t in g  th e  w a te r  lev e is  fo r  v a r io u s  s ta t io n s  a lo n g  th e  tra c k . T h e  
su ccessive  p o s i t io n s  a n d  v e lo c itie s  o f  th e  s led  a re  m e a s u re d  p re c ise ly  d u r in g  
e a c h  r u n  a n d  c o m p a re d  w ith  in d ic a t io n s  o f  th e  in e r t ia l  e le m e n ts . T h e  
lo n g e r  th e  tra c k , th e  m o re  p re c ise ly  can  th e  e r ro rs  o f  th e  e le m e n ts  be  
in v e s tig a te d .

T h e  s led  m ay  be  a c c e le ra te d  by a l iq u id - p r o p e l la n t  ro c k e t e n g in e  o r  by a 
c lu s te r  o f  s o l id -p ro p e l la n t  ro c k e t e n g in e s . T h e  l iq u id  p r o p e l l a n t  w ill be  
m o re  e c o n o m ic a l th a n  th e  so lid  if a la rg e  n u m b e r  o f  te s ts  is p la n n e d .

Gyroscopes in Bailistic Missiles

G y r o s c o p e s  m ay  c o n tr ib u te  to  tw o  b asic  fu n c t io n s  in  a m iss ile : c o n tro l  a n d  
in e r t i a l  g u id a n c e . T h e  se le c tio n  o f  g y ro sco p es  fo r  e i th e r  o f  th e se  p u rp o se s  
m u s t ta k e  a c c o u n t  o f  th e  d iffe re n c e s  in  o p e r a t io n a l  c h a ra c te r is tic s  o f  th e  
v a r io u s  a v a i la b le  d esig n s.

A  g y ro sc o p e  co n sis ts  b a s ic a lly  o f  a  w h e e l, o r  rotor, h a v in g  a  m assiv e  r im  
a n d  c a p a b le  o f  r a p id  r o ta t io n  a b o u t  its  ax is , c a lle d  th e  spin axis. I f  th e  r o to r  
is s u p p o r te d  o n  a p a i r  o f  gimbals, so  th a t  i t  is a lso  f re e  to  r o ta te  a b o u t  th e  
tw o  a x es  p e r p e n d ic u la r  to  th e  sp in  ax is , th e  in s t r u m e n t  is c a lle d  a two-axis 
displacement gyroscope (F ig . 9). I n  th is  c o n f ig u ra tio n  th e  sp in  ax is  te n d s  to  
m a in ta in  its  o r ig in a l  o r ie n ta t io n ,  re g a rd le s s  o f  a n y  m a n e u v e rs  o f  th e  m issile .
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P o s itio n  in d ic a to rs , su ch  as p o te n t io m e te rs ,  c a n  be  a t ta c h e d  to  th e  g im b a ls  to  
m ea su re  th e  g im b a l a n g le s  a n d  th e re fo re  th e  m issile  o r ie n ta t io n  w ith  re s p e c t 
to  th e  p re se lec te d , fixed  d ir e c t io n  o f  th e  s p in  ax is.

I n  o th e r  d esig n s th e re  is o n ly  o n e  g im b a l. T h e  a x is  o f r o ta t io n  is c a lle d  
th e  output axis. T h e  s u p p o r ts  fo r  its b e a r in g s  a re  r ig id ly  a t ta c h e d  to  th e  
m issile  a ir f r a m e  (F ig . 10). T h u s  th e  sp in  ax is  is c o n s t ra in e d  to  fo llo w  th e  
a ir f ra m e  w h e n  th e  la t t e r  ro ta te s  a b o u t  a th i r d  ax is  c a lle d  th e  input axis. T h i s  
m o tio n  a b o u t  th e  in p u t  a x is  is m e a s u re d  by  a p p ly in g  to  th e  d e f le c tin g  g im b a l 
a  p rec ise ly  k n o w n  r e s t r a in t  p ro v id e d  by a  d a m p e r  o r  a s p r in g . I f  a d a m p e r , 
su ch  as a  v iscous l iq u id , is u se d  as th e  r o ta t io n a l  r e s t r a in t ,  th e  d e f le c tio n  
a b o u t  th e  o u tp u t  ax is  p ro v id e s  a  m e a su re  o f  th e  a n g u la r  d is p la c e m e n t o f  th e  
a ir f ra m e  a b o u t  th e  in p u t  ax is . T h i s  in s t r u m e n t  is c a lle d  a single-axis displace
ment gyroscope, o r  a  single-axis integrating gyroscope. I n  e v e n t th a t  a s p r in g  
p ro v id e s  th e  m a jo r  r e s t r a in t ,  as in  F ig . 11, th e  in s t r u m e n t  m e a su re s  th e  r a te  o f

Fig. 9. Tioo-Axis or 

Two-Degree-of-Freedom Gyroscope

r o ta t io n  o f  th e  a ir f r a m e  a b o u t  th e  i n p u t  a x is  a n d  is k n o w n  as a single-axis 
rate gyroscope, o r  s im p ly  a  rate gyroscope.

C o n tro l  o f  a  m issile  r e q u ir e s  m e a s u re m e n t o f  e i th e r  th e  m iss ile  a t t i t u d e  o r  
th e  r a te  o f  c h a n g e  o f  a t t i tu d e ,  a n d  th e  a p p l ic a t io n  o f  c o r re c t iv e  to rq u e s . T o  
a ch iev e  sa tis fac to rv  a t t i tu d e  c o n tro l ,  i t  is e s se n tia l th a t  th e  c o r re c t in g  to rq u e  
fo r  r e d u c in g  u n w a n te d  o s c il la tio n  in  a t t i tu d e  a f te r  a g u s t be a p p l ie d  w h e n  
th e  v e h ic le  is a c tu a lly  in  r o ta t io n  r a th e r  th a n  w h e n  th e  n e x t  e x tr e m e  a t t i tu d e  
e r r o r  occu rs . T h u s  th e  g y ro sco p es  m u s t b e  c a p a b le  o f  r a p id  re sp o n se  a n d  
sh o u ld  p ro v id e  som e a n t ic ip a t io n  o f a n y  c h a n g e  in  a t t i t u d e  th a t  is o c c u rr in g . 
R a te  gy ro sco p es find  g o o d  a p p l ic a t io n  h e re . I f  g r e a te r  p re c is io n  o v e r  a lo n g e r  
p e r io d  is d e s ire d , in te g ra t in g  g y ro sco p es  m ay  b e  u sed  to  s u p p le m e n t  r a te  g y ro 
scopes o r, w ith  m o d if ic a tio n  o f  th e  o u t p u t  s ig n a l, in  p lac e  o f  th e m .

F o r  in e r t ia l  g u id a n c e  o f  a m iss ile  th e  d is p la c e m e n t g y ro sco p es  m ay  find  
a p p lic a t io n . R a p id  m e a s u re m e n t o r  a n t i c ip a t io n  is n o t  n ecessary . B u t be-
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cau se  th e  s ta b il iz e d  p la t fo rm  o f th e  g u id a n c e  system  m u s t b e  k e p t  p rec ise ly  
fixed  w ith  re s p e c t to  a n  in e r t ia l  g u id a n c e  f ra m e  o f  re fe re n c e  fo r  a  c o n s id e ra b le  
t im e , th e  g y ro sco p es  m o u n te d  o n  th e  p la t fo r m  m u s t b e  e x tre m e ly  p rec ise  a n d  
c a p a b le  o f  m in im u m  d r i f t  o v e r  a lo n g  p e r io d  o f  tim e .

Errors in gyroscopes. B ecau se  o f  th e  e x tre m e  p re c is io n  r e q u ir e d  in  g y ro 
scopes fo r  so m e  o f  th e  b a ll is t ic  m iss ile  a p p lic a t io n s , th e  p o ss ib le  e rro rs  o f 
th e se  In s t ru m e n ts  a re  o f  e x tre m e  im p o r ta n c e . O n e  o f  th e  first n ecess ities  is 
t h a t  th e  m a te r ia is  u sed  in  th e  g y ro sco p e  m u s t b e  s ta b le . L ik ew ise  a n y  w e a r

t h a t  o c cu rs  in  b e a r in g s  o r  r u b b i n g  su rfa ce s  m u s t b e  su ch  as n o t to  in tr o d u c e  
a n y  p la y  o r  s ig n if ic a n t m ass u n b a la n c e .

T h e  g im b a l a ssem b lie s  m u s t b e  su ffic ien tly  stiff, f re e  f ro m  excessive  in- 
e r t ia ,  a n d  p re c ise ly  b a la n c e d  a b o u t  th e  g im b a l ax es  so th a t  n o  a p p re c ia b le  
to r q u e  w ill b e  p r o d u c e d  o n  th e m  by g r a v i ta t io n a l ,  in e r t ia l ,  o r  f r ic t io n a l 
fo rces. T h e  d e v ic e  fo r  p ic k in g  off s ig n a ls  m u s t n o t  e x e r t  s ig n if ic a n t to rq u e  
o n  a n y  g im b a l a n d  m u s t b e  in s e n s it iv e  to  s tra y  fie lds in  th e  v ic in ity . T h e  
m o to r  u sed  to  p o s it io n  th e  g im b a l m u s t n o t  e x e r t  a n y  s ig n if ic a n t s p u r io u s  
to rq u e .

T h e  r o to r  m u s t be  p re c ise ly  b a la n c e d  so th a t  its  v ib ra t io n  is re d u c e d  to  a 
m in im u m  a n d  so th a t  n o  a p p r e c ia b le  d r i f t  w ill r e s u lt  f ro m  e x te rn a l ly  a p p lie d  
v ib r a t io n  th a t  is a p p r o x im a te ly  in  sy n c h ro n ism  w ith  th e  ro to r .
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T h e  gy rosco p e  m u st b e  designecl fo r  n e g lig ib le  w o b b u la t io n  a n d  n u ta t io n  
d r if ts , o r  else i t  m u st b e  iso la te d  so th a t  th e se  d r i f ts  w ill n o t  o ccu r. W o b b u la 
t io n  d r i f t  o ccu rs  in  a s in g le -ax is  g y ro sco p e  w h e n  it  is w o b b le d  o r  v ib ra te d  so 
th a t  its  in p u t  ax is  d e sc rib e s  a  c o n ic a l su rfa c e ; th is  d r i f t ,  w h ich  o c cu rs  b as ica lly  
b ecause  n o n p la n a r  a n g le s  d o  n o t  a d d  v e c to r ia lly , c an  be  in f lu e n c e d  o n ly  to  
sm all e x te n t  by th e  d e s ig n  o f  th e  g y ro sco p e . A  w o b b lin g  tw o -ax is  g y ro sco p e  
w ill n o t d r i f t  so lo n g  as th e  s p in  ax is  d o es  n o t  te n d  to  fo llo w  th e  m o tio n . 
H o w ev e r, th is  m ay in i t i a te  a s im ila r  m o tio n  o f  th e  s p in  ax is , c a lle d  nutation, 
th a t  p e rs is ts  ev en  a f te r  th e  o r ig in a l  e x c i ta t io n  ceases. D r if t  w ill th e n  re s u lt  
e x c e p t w h e n  th e  sp in  ax is  is p rec ise ly  p e r p e n d ic u la r  to  th e  g im b a l axes.

Applications of Computers

T h e computers of interest in the ballistic missile programs are primarily 
electrical and are of twro types, analog and digital. The analog Computer 
receives its information in the form of voltages that are proportional to 
corresponding variables of interest, such as the angles expressing the missile 
attitude, and the forces or torques exerted by the atmosphere. These voltages 
are applied to a network of electrical elements that are analogous to the 
mechanical or other elements of the problem at hand or that perform 
mathematical operations that are analogous to the operations performed by 
these elements. The output signals of the Computer provide the Solutions to 
the problem. The digital Computer receives its information in the form of 
counts that are related to the corresponding variables of interest and are 
made, for example, by analog-digital converters. The digital Computer carries 
out arithmetic operations on these counts or numbers, except that it ordinarily 
uses a binary rather than a decimal system of numbers to simplify the 
requirements on its arithmetic circuits. The analog Computer ordinarily finds 
its application where rapid approximate computations are required. The 
digital Computer ordinarily is used where more precise computations must 
be made.

Computers find application in the systems engineering of the missile as 
well as in actual guidance. The analog Computer finds more application in 
the study and planning of the control system, and the digital Computer finds 
more in the study of the guidance systems, but there is no sharp dividing line. 
For extreme realism actual mechanical elements of the control system, such as 
servo valves or gyroscopes, may be substituted for portions of the Computer. 
Computers may also be used in the study of the effects of various phenomena 
on the trajectory.

In the guidance of the missile the raw data yielded by its measuring 
devices are not necessarily expressed with reference to a convenient coor- 
dinate system, and so it may be advisablt to have the Computer perform a 
coordinate transformation. In addition, the Computer must either compute 
the impact point of the missile or compare the data on the actual trajectory 
with that for a standard trajectory and decide on corrective maneuvers.



Accessory Power Supply

T h e  accessory  p o w e r  s u p p ly  (A PS) o f  a m o d e rn  b a llis tic  m issile  is a systera  
th a t  fu rn is h e s  e le c tr ic , h y d ra u lic , a n d  p n e u m a t ic  p o w e r  to  o th e r  system s o f 
th e  v e h ic le  o n  w h ich  it  is in s ta l le d . S p ec ifica lly , o n  a  lo n g -ra n g e  b a llis tic  
m iss ile , th e  accessory  p o w e r  s u p p ly  fu rn is h e s  e le c tr ic  p o w e r  to  th e  g u id a n c e  
a n d  th e  c o n tro l system s d u r in g  p o w e re d  f lig h t a n d , in  so m e cases, d u r in g  
p r e la u n c h in g  a n d  c o n c e iv a b ly  a lso  a f te r  th r u s t  cu to ff. I t  m ay  a lso  fu rn is h

h y d ra u lic  a n d  p n e u m a t ic  p o w e r  to  
th e se  a n d  o th e r  system s o f  th e  m issile . 
F ig . 12 is a s im p lif ie d  d ia g ra m  o f  a 
ty p ic a l  A P S  assem b ly .

T h e  g re a t  n e e d  fo r  m in im iz in g  
w e ig h t in  a  lo n g -ra n g e  b a ll is t ic  m issile  
in d ic a te s  th e  use  o f a  l ig h tw e ig h t gas 
tu r b in e  to  s u p p ly  th e  m iss ile  accessory  
p o w e r  r e q u ir e m e n ts .  T h e  A P S  w o u ld  
th e n  c o n s is t o f  a  h o t-g as g e n e ra to r ,  a 
tu r b in e  w ith  necessary  g e a r in g , a lte r -  
n a t in g  c u r r e n t  a n d  d ire c t  c u r r e n t  gen - 
e ra to rs , a n d  a n y  r e q u ir e d  h y d ra u l ic  
a n d  p n e u m a t ic  p u m p s . T h is  p o w e r  

u n i t  is in s ta l le d  in  th e  f in a l s tag e  in  th e  case o f a m u lt is ta g e d  v eh ic le .
I n  a  m u lt is ta g e d  m iss ile  i t  w o u ld  n o t  b e  p ra c tic a l  to  use  p o w e r  f ro m  th e  

p o w e r  p la n ts  o f  th e  v a r io u s  s tag es  to  d r iv e  th e  A P S  g e n e ra to r s  a n d  p u m p s  
b e ca u se  th is  w o u ld  r e q u ir e  d u p l ic a t io n  o f  th e  g e n e r a t in g  e q u ip m e n t  o n  each  
s tag e , th u s  in c re a s in g  th e  w e ig h t. F u r th e r m o r e  su ch  a n  a r r a n g e m e n t  w o u ld  
f u r n is h  accesso ry  p o w e r  o n ly  w h ile  th e  e n g in e s  a re  o p e r a t in g .  A  s e p a ra te  
A PS , o n  th e  o th e r  h a n d ,  c a n  b e  c lesig n ed  to  fu rn is h  accessory  p o w e r  fo r  any  
d e s ire d  p e r io d .  S e p a ra te  l iq u id  o r  so lid  p r o p e l la n t  fo r  th e  gas g e n e ra to r  
m ig h t  b e  in c lu d e d  in  th e  A P S . M o re  c o m m o n ly , h o w e v e r, th e  A P S  w o u ld  
d ra w  p r o p e l l a n t  fro m  th e  m a in  ta n k s .

T h e  w e ll-k n o w n  b a t te r y - in v e r te r  ty p e  o f  p o w e r  s u p p ly  c o u ld  b e  u sed  to  
s u p p le m e n t  th e  g a s - tu rb in e  ty p e  a n d  c o n c e iv a b ly  m ig h t  b e  d e v e lo p e d  suffi- 
c ie n tly  to  r e p la c e  it. A l th o u g h  im p ro v e m e n ts  in  b a t te r ie s  w ill m ak e  th e m  
m o re  c o m p e t i t iv e  w ith  gas tu rb in e s  as a  p r im a ry  p o w e r  so u rce , th e  ch o ice  
b e tw e e n  th e  tw o  ty p es s t i l l  d e p e n d s  la rg e ly  u p o n  th e  a m o u n t  o f  p o w e r  to  be 
g e n e ra te d  a n d  th e  d u r a t io n  o f  th e  o p e r a t in g  cycle.

g e n e ra to r

Problems Associated with Engine Development

T h e  development of liquid-propellant rocket engines for long-range ballistic 
missiles poses both new problems and problems similar to those encountered 
on other programs, but now on a larger scale. These problems may be 
dividecl into two groups: those related primarily to engine design and
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o p e ra t io n  a n d  th ose  p r im a r i ly  c o n c e rn e d  w ith  o th c r  system s o n  th e  v eh ic le . 
F ig . 13 show s th e  m a in  c o m p o n e n ts  o f a  ty p ic a l l iq u id -p ro p e l la n t  ro c k e t 
en g in e .

gas g e n e ra to r 
valve

Fig. 13. Components of Liquid-Propellant Rocket Engine

A m o n g  th e  first o f  th e  im p o r ta n t  e n g in e  d e s ig n  a n d  o p e r a t io n a l  p ro b -  
lem s to  b e  so lv ed  is th e  s e le c tio n  o f th e  p r o p e r  p r o p e l la n t  c o m b in a t io n  fo r  
th e  p a r t ic u la r  a p p lic a t io n .  T h i s  p ro b le m  is d iscu ssed  in  th e  fo llo w in g  se c tio n , 
b u t  is m e n t io n e d  h e re  b e ca u se  th e  c h a ra c te r is tic s  o f  th e  p r o p e l la n ts  a re  
fac to rs  in  d e te rm in in g  e n g in e  d e s ig n , ju s t  as in  th e  case o f  o th e r  r e a c tio n  
p o w e r  p la n ts .  A f te r  se le c tio n  o f  o x id iz e r  a n d  fu e l, m a jo r  d e s ig n  a n d  d e v e lo p - 
m e n ta l p ro b le m s  lik e ly  to  b e  e n c o u n te r e d  a re  c o n d i t io n s  o f p o w e r-p la n t 
o p e ra t io n ,  fo r  e x a m p le  c h a m b e r  p re ssu re , nozzle  a re a  r a t io ,  a n d  ty p e  o f 
in je c t io n ;  c o o lin g  system  fo r  th e  th ru s t  c h a m b e rs  a n d  gas g e n e ra to rs ;  p ro - 
v is io n  o f  th e  n ecessary  d e g re e  o f th ru s t  c o n tro l ,  in c lu d in g  s h u td o w n  o p e r a t io n ;  
s ta r t in g  o f  th e  c o m p le te  p o w e r  p la n t ,  fo r  e x a m p le  th ru s t  b u i ld u p  se q u e n c e  
a f te r  ig n i t io n , s im u lta n e o u s  s ta r t in g  o f  sev e ra l c h a m b e rs , a n d  a l t i tu d e - s ta r t ;  
e l im in a t io n  o r  m in im iz a t io n  o f  c o m b u s tio n  in s ta b i l i ty ;  a n d  m e c h a n ic a l d e 
sign  o f  m a jo r  c o m p o n e n ts  su ch  as th e  tu r b o p u m p  assem b ly .

T h r u s t  c o n tro l is r e q u i r e d  in  a la rg e  ro c k e t-p ro p e l le d  b a ll is t ic  m iss ile  so 
th a t  th e  th ru s t  m ay  b e  k e p t  w ith in  sp ec ified  lim its  d u r in g  th e  p o w e re d  flig h t 
a n d  a lso  te r m in a te d  to  a c h ie v e  th e  p re c ise  th ru s t-c u to f f  v e lo c ity  r e q u ir e d  to  
s tr ik e  th e  d e s ire d  ta rg e t . R e d u c t io n  o f  c o m b u s tio n  in s ta b il i ty  p re s e n ts  a 
p ro b le m  to  th e  e n g in e  d e s ig n e r  b e c a u se  su ch  in s ta b i l i ty  g iv es r ise  to  sev ere  
v ib ra tio n s , o v e r  a w id e  f re q u e n c y  s p e c tru m , th a t  c an  d a m a g e  n o t  o n ly  th e  
e n g in e  b u t  a lso  th e  a ir f r a m e  a n d  o th e r  c o m p o n e n ts ,  r e s u l t in g  in  m a lfu n c t io n s  
a n d  fa ilu re s  o f  e q u ip m e n t .  L astly , in  m u lt is ta g e  m issiles, sp ec ia l e n g in e  
ig n it io n  p ro b le m s  r e s u lt  f ro m  th e  low  a m b ie n t  p re ssu re s  a n d  te m p e r a tu r e s  
e x is t in g  a t th e  e x tre m e  a l t i tu d e s  w h e re  s ta g in g s  o ccu r.

In  th e  se c o n d  g r o u p  a re  th o se  p ro b le m s  o f  ro c k e t e n g in e  d e v e lo p m e n t 
c o n c e rn e d  w ith  th e  e n t i r e  p o w e r  p la n t ,  w ith  th ru s t  s te e r in g , a n d  w ith
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o p e r a t io n a l  d ifficu ltie s  in t r o d u c e d  by th e  use  o f m o re  th a n  o n e  e n g in e  in  a 
s in g le  s tage . T h e  p ro b le m s  o f  e n g in e  in s ta l la t io n  a n d  s te e r in g  a re  in tim a te ly  
r e la te d ,  fo r  if  th e  v e h ic le  is to  b e  s te e re d  by  sw iv e lin g  th e  th ru s t  c h am b e rs , 
th e  m e th o d  o f  m o u n t in g  th e  e n g in e s  w ill b e  q u i te  d ifE eren t f ro m  th a t  u sed  
w h e n  th e  s te e r in g  is a c c o m p lish e d  by o th e r  
m e a n s  su ch  as m o v a b le  v a n e s  in  th e  je t  e x h a u s t .
T h e  th i r d  ite m , o p e r a t io n a l  d ifficu ltie s , re fe rs  
to  su ch  m a t te r s  as th e  n e e d  fo r  a t t a in in g  fu ll 
tak e-o ff th r u s t  b e fo re  th e  m iss ile  is la u n c h e d  
a n d  th e  p r o p e r  a p p o r t io n m e n t  o f  p r o p e l la n t  
flow  to  a ll th e  e n g in e s  o f  e ac h  stage .

T h e  a d v e n t  o f  th e  IC B M  class o f w e a p o n  
system s h as g iv e n  rise  to  se v e ra l n e w  d e s ig n  
c o n c e p ts , a t t e n d e d  by  th e i r  sp e c ia l p ro b le m s .
T h e  m a jo r  c o n c e p ts  a re  (i) th e  g e a re d  tu rb o -  
p u m p  a ssem b ly  (F ig . 14), w h ic h  in t r o d u c e d  
p ro b le m s  c o n c e rn in g  g e a r - tr a in  d e s ig n  a n d  a 
s e p a ra te  lu b r ic a t io n  sy stem ; (ii) th ru s t-c h a m b e r  
nozzles w ith  d iv e rg e n t  se c tio n s  o f  u n u s u a l  le n g th  (F ig . 15) a n d  u n iq u e  con- 
f ig u ra tio n , c a u s in g  a f a b r ic a t io n  p ro b le m  o f  c o n s id e ra b le  m a g n itu d e ;

(iii)  p r o p e l la n t- c o n tr o l  sy stem s th a t  e n s u re  safe 
th ru s t - b u i ld u p ,  a n  e le c tro n ic s  d e s ig n  p ro b le m ; a n d
(iv) m u l t ie n g in e  p o w e r  p la n ts  (F ig . 16). T h e  g e a re d  

tu r b o p u m p  is m o re  e ffic ien t th a n  th e  o ld e r  sing le- 
s h a f t  d e s ig n  a n d , in  a d d i t io n ,  p ro v id e s  e x tr a  d r iv e  
sh a fts  fo r  accesso ries su ch  as a sm a ll h y d ra u l ic  p u m p . 
T h e  n e e d  fo r  ro c k e t p o w e r  p la n ts  o f  v e ry  la rg e  ca-

p a c ity , to  o p e r a te  a t e x tre m e  a l t i tu d e s ,  is th e  b as is  fo r  d e s ig n  c o n c e p ts  (ii), 
( iii) , a n d  (iv). B r in g in g  se v e ra l c o m p le te  ro c k e t p o w e r  p la n ts  to g e th e r  to  

o b ta in  th e  r e q u ir e d  to ta l  th r u s t  a d v e rse ly  affects r e l ia b i l i ty ,  m iss ile  c o n tro l , 
costs, a n d  r e d u c t io n  o f a e ro d y n a m ic  d ra g .

T h i s  l is t in g  o f  e n g in e  d e v e lo p m e n ta l  p ro b le m s  is r e p re s e n ta t iv e  r a th e r  
th a n  c o m p le te ;  th e re  a re  m a n y  o th e r  p ro b le m s , b o th  m a jo r  a n d  m in o r .

Fig. 14. Geared Turbopump

Fig. 15. High-Ratio Nozzle

Fig. 16. Multiengine Power Plant

However, progress in this relatively new propulsion field is rapid, and there 
are reasons to think that satisfactory Solutions to the various problems 
involved will be forthcoming.



Selection of Liquid Propellants

I n  t h e  ch o ice  of th e  p r o p e l la n t  fo r  a  p a r t ic u la r  a p p l ic a t io n ,  a c c o u n t m u s t 
b e  ta k e n  n o t  only o f th e  p ro p e r t ie s  o f  th e  p r o p e l la n t  c o m p o n e n ts ,  b u t  a lso  
o f th e  p u rp o s e  o f th e  v e h ic le  to  b e  p ro p e l le d  a n d  th e  r e q u ir e m e n ts  o n  its  
p o w e r  p la n t .  F o r  b a ll is t ic  m issiles, b ip r o p e l la n ts —liq u id  oxidizer a n d  l iq u id  
fuel—a p p e a r  to  be a c c e p ta b le . O f  th e  m a n y  a v a i la b le  l iq u id  c o m b in a tio n s ,  
h o w ev er, o n ly  a  few  tu r n  o u t  to  b e  sa tis fac to ry , a n d  n o n e  is id e a l in  a ll 
respec ts .

E a ch  p r o p e l la n t  c o m b in a t io n  has its  u n iq u e  c h a ra c te r is tic s . T h e s e  in- 
d u d e  p e r fo rm a n c e  c h a ra c te r is tic s , th e  p h y s ic a l p ro p e r t ie s  o f  th e  c o m p o n e n t  
l iq u id s  a n d  th e i r  e n d  p ro d u c ts , a n d  su ch  c o n s id e ra t io n s  as sa fe ty  a n d  ease 
o f h a n d l in g  a n d  s to rag e , a v a i la b il i ty , a n d  cost. O f  p r im a ry  im p o r ta n c e  a re  
th e  p e r fo rm a n c e  c h a ra c te r is tic s ; if  th e y  a re  in a d e q u a te ,  th e  p r o p e l la n t  c a n n o t  
b e  used , n o  m a t te r  h o w  d e s ira b le  its  o th e r  c h a ra c te r is tic s  m ay  b e . F u r th e r -  
m o re  th e  c h a ra c te r is tic s  th a t  d o  n o t  d ire c t ly  a ffec t p e r fo rm a n c e  can  o f te n  b e  
c o m p e n s a te d  fo r  o r  m o d if ie d . F o r  in s ta n c e  if  a  l iq u id  c o m p o n e n t  h a s  a h ig h  
f re e z in g  te m p e ra tu re , th u s  c o m p lic a t in g  its  use  in  lo w - te m p e ra tu re  re g io n s , 
i t  m ay  b e  p o ss ib le  to  a d d  so m e su b s ta n c e  th a t  w ill lo w e r  th e  f re e z in g  p o in t  
a n d  ye t n o t  in tro d u c e  u n w a n te d  sid e  effects. A g a in , th e  c o rro s iv e  a c t io n  o f a 
h ig h ly  a c tiv e  p r o p e l la n t  c o m p o n e n t  m ay  b e  r e n d e r e d  n e g lig ib le  by  re s o r t in g  
to  ta n k s  a n d  p ip e l in e s  m a d e  o f  sp ec ia l m a te r ia is .

O n e  p e r fo rm a n c e  c h a ra c te r is t ic  o f m a jo r  in te re s t  is specific thrust, m o re  
c o m m o n ly  c a lle d  “s p e c ifk  im p u ls e .” I t  is d e f in e d  as th e  th r u s t  (in  p o u n d s )  
p ro d u c e d  p e r  u n i t  t im e -ra te  o f .f lo w  o f  p r o p e l la n t  ( in  p o u n d s  p e r  seco n d ). 
O n e  can  sh o w  th a t  th e  specific  th r u s t  m ay  b e  in c re a se d  by ra is in g  th e  
te m p e r a tu r e  o f  th e  c o m b u s tio n  p ro d u c ts  in  th e  c h a m b e r , by  r e d u c in g  th e  
w e ig h te d  a v e ra g e  o f th e i r  m o le c u la r  w e ig h ts , a n d , to  a s l ig h t e x te n t ,  by 
re d u c in g  th e  r a t io  o f  th e i r  specific  h e a ts  a t  c o n s ta n t  p re s su re  a n d  a t  c o n s ta n t  
v o lu m e . A  h ig h  gas te m p e r a tu r e  c an  b e  o b ta in e d  by u s in g  a  p r o p e l la n t  m ix- 
tu re  th a t  y ie ld s  a  la rg e  q u a n t i ty  o f  h e a t  p e r  p o u n d  o f  m ix tu re . T h e  a v e ra g e  
m o le c u la r  w e ig h t o f  th e  c o m b u s tio n  p ro d u c ts  is d e te r m in e d  b o th  by th e  
n a tu r e  o f  th e  o x id iz e r  a n d  th e  fu e l a n d  by th e  r a t io  in  w h ich  th e y  a re  m ix e d .

T h e  specific  th ru s t  w ill a lso  b e  lo w e re d  if  th e  c o m b u s tio n  gases d isso c ia te  
in to  s im p le r  m o le cu le s  a n d  a to m s, b e ca u se  th e  d is so c ia tio n  re q u ir e s  e n e rg y  
a n d  th u s  re d u c e s  th e  a m o u n t  a v a i la b le  fo r  c o n v e rs io n  in to  th e  t r a n s la t io n a l  
k in e t ic  en e rg y  o f th e  e x h a u s t  s tre a m . W h e re  te sts  in d ic a te  th a t  effects o f  
d isso c ia tio n  a re  a p p re c ia b le , a c h a n g e  can  b e  m a d e  e i th e r  to  a p r o p e l la n t  
h a v in g  m o re  s ta b le  r e a c t io n  p ro d u c ts  o r  to  a  lo w e r  gas te m p e r a tu r e .

In addition to these basic requirements the densities of the propellants 
should be high, for the tank structure can then be made smaller and lighter 
and the liquids will also be easier to pump. Other desirable propellant 
properties include rapid and reliable ignition of the mixture, high rate of 
reaction, low vapor pressure, and low freezing point. Among the properties 
CTeating possible hazards are Chemical instability, corrosivity, flammability,
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and toxicity. In view of these many restrictions, one can see why the search 
for suitable liquid combinations is a major problem of rocket research.

Significam advances with high-energy propellants may be forthcoming if 
Solutions can be found for the engineering problems of adapting such pro-

d u tan ce from c e n lc rh n e  of thrust cham ber

Fig. 17. Temper ature Gradients

p e l la n t s  to  ro c k e t  a p p l ic a t io n s  a n d  o f  p r o d u c in g  th e m  o n  a c o m m e rc ia l basis, 
a t  a c c e p ta b le  p rices . F o r  IC B M  p r o p u ls io n  s ig n if ic a m  in c rea se s  in  p e r 
fo rm a n c e  a n d  e n e rg y  w o u ld  r e s u l t  if  r e l ia b le  a n d  p ra c t ic a l  ro c k e t p o w e r  
p la n ts  c o u ld  b e  d e v e lo p e d  fo r  e v e n  th e  c o m m o n ly  k n o w n  h ig h -en e rg y  
p ro p e l la n ts ,  su ch  as l iq u id  f lu o r in e  a n d  l iq u id  h y d ro g e n .

T o  r e d u c e  th e  r a te  o f  t r a n s f e r  o f  h e a t  th ro u g h  th e  c o m b u s tio n  c h a m b e r  
w a lls , w h ic h  is a n  a c u te  p r o b le m  in  ro c k e t e n g in e  d e s ig n , sev e ra l d if fe re n t 
m e th o d s  h a v e  b e e n  d e v is e d  a n d  a re  in  use. O n e  sch em e , s till  u n d e r  in v es tig a - 
t io n ,  is to  e m p lo y  a n  o x id iz e r- fu e l c o m b in a t io n  th a t  w ill d e p o s it  o n  th e  
in n e r  c h a m b e r  w all a n  in e r t  c o a t in g  c a p a b le  o f  p ro v id in g  g o o d  th e rm a l 
in s u la t io n  a n d  a lso  o f  w ith s ta n d in g  th e  s c o u r in g  a c t io n  o f  th e  h o t gas flow.
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T h e  g ra p h  in  Fig. 17 i l lu s tr a te s  th e  te m p e r a tu r e  g ra d ie n ts  to  be  e x p e c te d  in  a 
re g e n e ra tiv e ly  co o led  th ru s t  c h a m b e r  p ro v id e d  w ith  su ch  a n  in e r t  c o a tin g .

Propellant Utilization

P r o p e l l a n t  u t i l iz a t io n  is a  p ro b le m  th a t  b eco m es im p o r ta n t  w h e n  a m iss ile  is 
b e in g  fired  fo r  m a x im u m  ra n g e . T h e  p ro b le m  is (i) to  e n s u re  th a t  th e  m ax i- 
m u m  a m o u n t  o f  p r o p e l l a n t  a v a i la b le  to  th e  ro c k e t e n g in e s  is c o n su m e d  by 
th e m  a n d  (ii) to  d e s ig n  th e  p r o p e l la n t  fe e d  system  so th a t  a m in im u m  a m o u n t  
o f p r o p e l la n t  is t r a p p e d  a n d  h e n c e  u n a v a i la b le  fo r  c o n s u m p tio n . F o r  th e  
b ip ro p e l la n t  ro c k e t e n g in e s  o f  c u r r e n t  b a ll is t ic  m issiles, th e  p ro b le m  is accen - 
tu a te d , s in ce  th e  e n g in e s , b e ca u se  o f  v a r io u s  system  a n d  tr a je c to ry  to le ra n c e s , 
m ay  c o n su m e  o n e  p r o p e l l a n t  c o m p o n e n t  a t  a re la t iv e ly  fa s te r  r a te .  T h u s  
w h e n  th is  c o m p o n e n t  is c o m p le te ly  c o n su m e d , a p o r t io n  o f  th e  o th e r  o n e

re m a in s  u n b u r n e d .  T h e  effects o f 
re s id u a l  p r o p e l la n t  c a n  b e  d ra s tic . F o r  
in s ta n c e , a  ro u g h  c a lc u la t io n  show s 
th a t  if  o n e  p e r c e n t  o f th e  in i t ia l  p r o 
p e l la n t  w e ig h t re m a in s  u n c o n s u m e d  in  
a  v e h ic le  d e s ig n e d  to  h a v e  a  th ru s t-  
c u to ff  sp e e d  o f  25 ,000  f t /s e c ,  th e  ra n g e  
w ill b e  r e d u c e d  by  a b o u t  600 n a u tic a l  
m ile s . M o re o v e r  to  m a in ta in  th is  cu t- 
off sp e e d  o f  25 ,000 f t / s e c  w h e n  o n e  
p e r c e n t  is u n c o n s u m e d , th e  w e ig h t o f 
p r o p e l l a n t  n e e d e d  in i t ia l ly  w o u ld  be  
a lm o s t d o u b le d .

F ig u re  18 sh ow s th e  m a in  e le m e n ts  
o f  a  p r o p e l la n t  u t i l iz a t io n  system . T h e  
m o st d iff icu lt p ro b le m  is h o w  to  d e te r 
m in e  th e  a m o u n ts  o f  o x id iz e r  a n d  fu e l 
in  th e  ta n k s  a t  successive tim es  d u r in g  
p o w e re d  flig h t. W h e n  th e  v e h ic le  is 
d is tu r b e d , as by  a g u s t o r  by th e  c o n tro l  
sy stem , th e  r e s u l t in g  a c c e le ra tio n s  p ro - 
d u c e  in  th e  p r o p e l la n t  l iq u id s  slosh- 
in g  th a t  m ay  be a p p r e c ia b le  ev en  w h e n  
th e  ta n k s  a re  e q u ip p e d  w ith  baffles o r  
so m e o th e r  d a m p in g  d ev ice . T h u s  th e  
d e te r m in a t io n  o f  p r o p e l la n t  lev e is  by 

c o n v e n tio n a l m ea n s  is d ifficu lt, if  n o t  im p o ss ib le . M e a s u re m e n ts  d e p e n d in g  
u p o n  d ie le c tr ic  p ro p e r t ie s  o f  th e  ta n k  c o n te n ts  a p p e a r  to  b e  im p ra c t ic a b le  
b ecau se  o f th e  sev e rity  o f th e  l iq u id  m o tio n s . H o w e v e r  th e re  a re  s e n s in g  
m e th o d s  th a t  o ffe r p ro m ise , a n d  th e se  a re  re c e iv in g  e x te n s iv e  s tu d y  a n d  tests.

V ó rtice s  m ay  fo rm  in  a l iq u id  th a t  is f lo w in g  f ro m  a ta n k , a n d  th is  can
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r e s u l t  in  p r e m a tu r e  c u to íf  o f  th e  th ru s t .  T h u s  s tu d ie s  m u s t a lso  b e  m a d e  to  
g a in  a b e t t e r  u n d e r s ta n d in g  o f  v o r te x  f o rm a tio n  a n d  h o w  it m ay b e  c o n tro l le d .

The Airframe

T h e  d e s ig n  o f  a n y  a ir f r a m e  in v o lv es  a  c o n t in u a i  s tru g g le  a n d  c o m p ro m ise  in  
sa tis fy in g  r e q u ir e m e n ts  o f  b o th  w e ig h t a n d  s t re n g th . F o r  a lo n g -ra n g e  ba llis- 
tic  m iss ile , w h ic h  m u st b e  p o w e r-a c c e le ra te d  a ll th e  w ay to  th ru s t  cu to íf, excess 
w e ig h t is a  c r i t ic a i p ro b le m , fo r  it  r e s u lts  in  a d ra s tic  r e d u c t io n  o f m a x im u m  
ra n g e . Y et th e  a ir f r a m e  a t  th e  sam e  tim e  m u s t h a v e  su ffic ien t s t r e n g th  a n d  
r ig id i ty  to  s u p p o r t  th e  o th e r  c o m p o n e n ts  a n d  th e  p r o p e l la n ts  w ith o u t  fa i l in g  
u n d e r  n o rm a l  s ta tic  a n d  f lig h t lo ad s . I n c lu d e d  in  th e se  lo ad s  a re  th e  stresses 
c a u s e d  by v ib ra t io n s  o f  th e  e n g in e s , p r o p e l l a n t  s lo sh in g , m a n e u v e rs , a n d  
a e ro d y n a m ic  h e a t in g . T h e  l i f t  d e v e lo p e d  by  th e  la rg e  m iss ile  b o d y  d u r in g  
a p ro g ra m e d  tu r n  is a n  e sp e c ia lly  in te r e s t in g  p ro b le m .

A s ig n if ic a m  r e d u c t io n  in  th e  m ass th a t  m u s t b e  a c c e le ra te d  th ro u g h  th e  
e n t i r e  d is ta n c e  to  th ru s t  c u to ff  a n d  a lso  in  th e  p r o p e l la n t  w e ig h t a t  take-o ff 
is o b ta in e d  by  u s in g  a multistage design, in  w h ic h  o n e  o r  m o re  e n g in e  sec tio n s , 
w ith  o r  w ith o u t  a sso c ia te d  p r o p e l la n t  ta n k s , a re  je t t i s o n e d  d u r in g  th e  p o w e re d  
flig h t. A d v a n c e d  d e s ig n  te c h n iq u e s  a lso  p e r m it  r e d u c t io n  in  a i r f r a m e  w e ig h t.

T h e  d e v e lo p m e n t o f  n ew  m a te r ia is  m ay  o ffe r o p p o r tu n i t ie s  fo r  w e ig h t 
r e d u c t io n .  T h e  d e s ig n e r  m u s t c o n s id e r  n o t  o n ly  th e  p h y s ic a l p r o p e r t ie s  of 
th e  m a te r ia is , su ch  as s tre n g th - to -w e ig h t r a t io  a n d  c o rro s io n  re s is ta n c e , b u t  
a lso  su ch  fa c to rs  as a v a i la b i l i ty  a n d  cost o f  th e  m a te r ia is  a n d  th e i r  a d a p ta b i l i ty  
to  s t a n d a r d  f a b r ic a t io n  te c h n iq u e s .

O n e  effect n e e d in g  th o ro u g h  in v e s t ig a t io n  is th e  sh if t  o f  th e  c e n te r  o f 
g ra v ity  o f th e  v e h ic le  as th e  p r o p e l la n t  is c o n su m e d . T h i s  sh if t  re la t iv e  to  
th e  c e n te r  o f  p re ssu re  is a  d e te r m in in g  fa c to r  in  m iss ile  s ta b i l i ty . I n  th e  
IC B M  a n d  I R B M  a c c o u n t m u s t a lso  b e  ta k e n  o f  th e  r a p id  c h a n g e  in  th e  
r e la t iv e  p o s it io n s  o f th e  c e n te r s  o f  g ra v ity  a n d  p re s su re  w h e n  a s tag e  w ith  its 
ro c k e t e n g in e s  is je t t is o n e d .

Aerodynamics o f a Ballistic Missile

T h e  b a ll is t ic  m iss ile  is su b je c t  to  a e ro d y n a m ic  fo rces, to rq u e s , a n d  r e la te d  
effec ts d u r in g  b o th  th e  in i t i a l  a n d  th e  fin a l p o r t io n s  o f  its  flig h t. F o r  th e  
in i t i a l  p o r t i o n —fro m  th e  la u n c h  p o in t  to  th e  th ru s t-c u to f f  p o in t  B in  F ig . 1 — 
th e  a e ro d y n a m ic  c a lc u la t io n s  a re  c o n v e n t io n a l .  M o re o v e r  th e  ch o ice  o f  
a e ro d y n a m ic  c h a ra c te r is t ic s  is less c r i t ic a i  fo r  a b a ll is t ic  m iss ile  th a n  fo r  
o t h e r  ty pes . O n  th e  o th e r  h a n d  th e se  c h a ra c te r is t ic s  m u s t be  p rec ise ly  k n o w n . 
U n le s s  th e y  a re  a c c o u n te d  fo r  p ro p e r ly  in  th e  d e s ig n  o f  th e  c o n tro l  system , 
th e  m iss ile  m ay  e x h ib i t  in s ta b i l i ty  d u r in g  a p o r t io n  o f th e  p o w e re d  flig h t.

O n e  u n c o n v e n t io n a l  a e ro d y n a m ic  in v e s tig a t io n  a sso c ia te d  w ith  m u l t i 
s tag e  e n g in e s  is c o n c e rn e d  w ith  th e  a m o u n ts  o f  “h o t  d ra g "  a n d  “c o ld  d ra g ,"
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th a t  is, w ith  th e  d ra g s  p ro d u c e d  by th e  o p e n  e n d  o f  th e  m iss ile  b o d y  w h e n  
th e  ro c k e t e n g in es  a re  f ir in g  a n d  w h e n  th ey  a re  in o p e ra t iv e , re sp ec tiv e ly . 
D iffe re n t a r r a n g e m e n ts  o f  e n g in e  c lu s te rs  a n d  d if f e re n t  f ir in g  se q u e n c e s  o f 
th e  e x p o sed  th ru s t  c h a m b e rs  y ie ld  d if fe re n t v a lu e s  o f  h o t  d ra g . In  so m e cases 
th e  low  p re ssu re  in  th e  e n g in e  c o m p a r tm e n t  r e s u l t in g  fro m  th e  “je t  p u m p  
a c t io n ” o f  th e  su p e rso n ic  e x h a u s t  s tre a m s  m ay  c re a te  a  s t ru c tu ra l  p ro b le m .

D u r in g  rep assag e  th ro u g h  th e  a tm o s p h e re —fro m  C to  th e  ta rg e t  in  F ig. 
1 —th e re  a re  s im ila r  p ro b le m s  o f  s ta b i l i ty  th a t  h av e  r e q u ir e d  in v e s tig a t io n , a n d  
h e a t in g  effects o c cu r th a t  a re  n o t t r e a te d  in  o r d in a r y  a e ro d y n a m ic  th e o ry .

The Nose Cone

T h e  nose cone w ill c o n ta in ,  a m o n g  o th e r  th in g s , a n  a to m ic  w a rh e a d  a n d  
p ro v is io n  fo r  a rm in g  a n d  fu z in g . O n  r e tu r n in g  to  th e  e a r th  th ro u g h  th e  
a tm o s p h e re  th e  nose  c o n e  s h o u ld  b e  d e c e le ra te d  to  r e d u c e  th e  p o ss ib ili ty  o f 
b u r n in g  u p  f ro m  a e ro d y n a m ic  h e a t in g . I t  m u s t b e  c o n to u r e d  fo r  th e  p r o p e r  
d e c e le ra t io n  a n d  fo r m in im iz in g  tu r b u le n c e  o v e r  its  su rfa ce .

T h e  r a p id  h e a t in g  o f  th e  re -e n try  b o d y  o n  r e t u r n  to  th e  e a r th  th ro u g h  
th e  a tm o s p h e re  is u n d e r  th e o re tic a l  a n d  e x p e r im e n ta l  in v e s tig a t io n . S ince  
th e  c o n d i t io n s  in v o lv e d  in  th e  h e a t in g  a re  b e y o n d  th o se  re a d ily  p ro d u c e d  in  
th e  la b o ra to ry , th e o ry  fo r  su ch  c o n d i t io n s  m u s t b e  e x t r a p o la te d  b e y o n d  a n y  
p re v io u s  e x p e r im e n ta l  c o n f irm a tio n s . S om e in s ig h t in to  th e  p ro b le m  is p ro - 
v id e d  by sh o ck -tu b e  s tu d ie s . A n  in s t r u m e n te d  m o d e l p la c e d  w ith in  th e  tu b e  
is m o m e n ta r i ly  s u b je c te d  to  c o n d i t io n s  a p p r o a c h in g  th o se  o f  re -e n try  by 
m e a n s  o f a  sh o ck  w ave  p r o p a g a te d  a lo n g  th e  tu b e . F u r th e r  in s ig h t is b e in g  
o b ta in e d  th ro u g h  flig h t tests  in  w h ich  m o d e ls  a re  a c c e le ra te d  by m e a n s  o f 
s im p le  m u ltis ta g e  ro c k e ts  to  c o n d i t io n s  a p p r o a c h in g  th o se  o f  re -e n try .

In  th ese  e x p e r im e n ts  th e  im p o r ta n t  p a ra m e te r s  a re  th e  a tm o s p h e r ic  
p re ssu re , th e  M ach  n u m b e r , a n d  th e  R e y n o ld s  n u m b e r .  T h e  e x p e r im e n ts  a re  
p la n n e d  to  y ie ld  c o m b in a t io n s  o f  th e se  p a r a m e te r s  su ch  th a t  th e  d e s ire d  
in fo rm a t io n  c an  be p r e d ic te d  f ro m  th e  d a ta .

Encounters with Atmospheric Dust and Interplanetary Particles

S e v e r a l  in d e p e n d e n t  l in e s  o f  e v id e n c e  h a v e  y ie ld e d  a p p r o x im a te  v a lu e s  fo r  
th e  p ro b a b i l i ty  o f  a  c o llis io n  b e tw e e n  a n  IC B M  a n d  a m e te o r ic  p a r t ic le  a n d  
fo r  th e  p ro b a b le  v a lu e  o f  th e  m e te o r ic  m ass e n c o u n te r e d .  F o r  a  s in g le  f lig h t 
th e re  a p p e a rs  to  be a b o u t  an  e v en  c h a n c e  o f  a c o llis io n  w ith  a p a r t ic le  o f 
d ia m e te r  as la rg e  as a b o u t  0.0001 in ch . T h e  m ass o f  p a r t ic le s  o f  a ll sizes e n 
c o u n te re d  b y  th e  su rfa ce  o f  th e  v e h ic le  d u r in g  a h a lf -h o u r  f lig h t w o u ld  be 
ro u g h ly  4 x  10 1 1  l b / f t 2. I f  th e  v e h ic le  s h o u ld  e n c o u n te r  a m e te o r  sh o w er, 
th ese  figures o f  co u rse  w o u ld  b e  la rg e r , th o u g h  s t i l l  so sm a ll th a t  th e  v e h ic le ’s 
co u rse  a n d  ra n g e  w o u ld  n o t  b e  a ffec ted  a p p re c ia b ly . T h e  d a m a g e  w o u ld  be  
c o n fin e d  to  a b ra s io n  a n d  p i t t i n g  o f  th e  v e h ic le ’s sk in . S u ch  d a m a g e  c a n  a lso
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be  p ro d u c e d  by e n c o u n te r s  w ith  a tm o s p h e r ic  d u s t  d u r in g  th e  in i t ia l  a n d  fina l 
p o r t io n s  o f  th e  fligh t. P i t t in g  o f  th e  sk in  c o n c e iv a b ly  c o u ld  r e s u lt  in  a b n o r-  
m a l h e a t in g  d u r in g  p assag e  th ro u g h  th e  a tm o s p h e re , a n  e v e n tu a li ty  th a t  
c a n n o t  b e  d is re g a rd e d . As fo r  th e  c h a n c e  o f  c o ll is io n  w ith  a  m e te o r  suffi- 
c ie n tly  m assiv e  to  p ro d u c e  a c a ta s t ro p ic  effect, th is  tu rn s  o u t  to  b e  so 
e x c e e d in g ly  sm a ll th a t  it c a n  b e  ig n o re d . I n c id e n ta l ly  th e re  a re  p ra c tic a lly  
n o  in te r p la n e ta r y  p a r t ic le s  o f  d ia m e te r s  less th a n  a b o u t  0 .0 0 0 1 in ch , fo r 
s m a lle r  p a r t ic le s  a re  b lo w n  o u t  o f  th e  s o la r  sy stem  by  r a d ia t io n  p re ssu re .

T h e  d e n s ity  of m e te o r ic  d u s t  n e a r  th e  e a r th  is a p p ro x im a te ly  3 x  10*19 

l b / f t 3. T h is  d e n s ity  h a s  b e e n  d e te r m in e d  by  in e a s u re m e n ts  o f z o d iaca l lig h t; 
th e  p a r t  d u e  to  s c a tte r in g  o f  s u n l ig h t  by  m e te o r ic  d u s t  is fo u n d  by  s e p a ra t in g  
f ro m  th e  m e a s u re m e n ts  a ll o th e r  effects, su ch  as s c a t te r in g  fro m  th e  to p  o f  th e  
a tm o s p h e re , s c a tte r in g  by e le c tro n s  in  in te r p la n e ta r y  sp ace  (a b o u t  5000 p e r  
c u b ic  in c h ) , a n d  th e  lu m in e s c e n c e  o f th e  io n o s p h e re . T h e  d e n s ity  o f m e te o r ic  
d u s t  h a s  a lso  b e e n  c o m p u te d  o n  th e  b asis  o f  th e  r a te  o f a c c re tio n  o f  th e  d u s t 
by  th e  e a r th ,  200 lb /s e c . T h i s  r a te  o f  a c c re tio n  is d e te rm in e d  by th re e  d if- 
fe re n t ,  in d e p e n d e m  m e th o d s : p i t t i n g  o f  re c o v e re d  ro c k e ts  a n d  o f  a co u s tic  
d ev ice s  c a r r ie d  o n  th e m ; c o lle c tio n  o f  m ic ro m e te o r i te s  a n d  s tu d y  o f d eep -sea  
n ic k e l d e p o s its ;  c o m p u ta t io n s  in v o lv in g  th e  d e te r m in a t io n  o f  th e  o p tic a l  
d e n s ity  o f  a tm o s p h e r ic  d u s t  a n d  th e  a v e ra g e  d ia m e te r  o f th e  d u s t  p a r tic le s . 
T h e  a v e ra g e  d ia m e te r  is f o u n d  f ro m  tim e -c o r re la t io n  s tu d ie s  b e tw e e n  m e te o r  
sh o w ers  a n d  th e  d e p o s it  o f  m a te r ia l  o n  c o lle c tin g  p la te s , a n d  b e tw e e n  m e te o r  
sh o w ers  a n d  th e  size o f  th e  e a r t h ’s sh a d o w  o n  th e  m o o n .

T h e  v a lu e s  o f  th e  d e n s i ty  o f m e te o r ic  d u s t  y ie ld e d  by th e  a fo re m e n t io n e d  
m e th o d s  a re  a b o u t  10 ,0 0 0  tim e s  la rg e r  th a n  th a t  d e te rm in e d  by re f le c tin g  r a d io  
w aves f ro m  m e te o r  p a th s  a n d  e x t r a p o la t in g  to  in c lu d e  p a r t ic le s  w h ich  a re  
to o  sm a ll—less th a n  0 .0 0 0 1 in c h  d ia m e te r —to  p ro d u c e  re f le c tio n .

Exterior Ballistics of a Missile

T h e  tr a je c to ry  b e y o n d  th e  th ru s t-c u to f f  p o in t  B m ay  b e  d iv id e d  in to  tw o  
se g m e n ts : th e  free -flig h t p o r t io n ,  f ro m  B to  th e  p o in t  C o f  re -e n try  in to  
th e  a tm o s p h e re ;  th e  re -e n try  p o r t io n ,  f ro m  C  to  th e  im p a c t  p o in t  T (see 
F ig . 1). F o r  a lo n g -ra n g e  m iss ile  th e  free -flig h t p o r t io n  BC is a b o v e  th e  
se n s ib le  a tm o s p h e re ;  h e n c e  th e  m iss ile  d u r in g  th is  p h a se  is a free ly  fa l lin g  
b o d y , th e  o n ly  fo rce  a c t in g  o n  it  b e in g  g ra v i ta t io n a l  a t t r a c t io n .  D u r in g  th e  
re -e n try  p o r t io n  CT a e ro d y n a m ic  fo rces  a lso  co m e  in to  p lay , a n d  th ese  slow  
th e  m iss ile  a n d  cau se  i t  to  b e c o m e  h e a te d .

T h e  le n g th  a n d  sh a p e  o f  th e  f re e -f lig h t tr a je c to ry  a re  d e te rm in e d  by th e  
sp e e d  V o f  th e  m issile  a t  th r u s t  cu to ff, th e  a n g le  y b e tw e e n  th e  lo ca l v e r tic a l 
a t  B a n d  th e  d ire c t io n  o f V, th e  a l t i tu d e  li o f  B, a n d  th e  v a lu e s  o f  th e  acce le ra - 
t io n  d u e  to  g ra v ity  g a lo n g  th e  tra je c to ry .

C o n s id e r in g  a  g iv e n  p o in t  B a n d  a g iv e n  ta rg e t  T, o n e  fin d s th a t  fo r 
e v e ry  th ru s t-c u to ff  sp e e d  V b e tw e e n  th e  lo w est a n d  th e  h ig h e s t  v a lu e s  n e e d e d  
to  re a c h  th e  ta rg e t , th e re  a re  tw o  v a lu e s  o f  th e  a n g le  7  t h a t  y ie ld  tra je c to r ie s
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c o n n e c tin g  B a n d  T. O n e  o f  th ese  tr a je c to r ie s  is s tee p , o f  h ig h  a p o g e e ; th e  
o th e r  is fiat, o f  low  a p o g ee . As o n e  d ec reases  th e  th ru s t-c u to f f  sp e e d  V, th ese  
tw o  possib le  tra je c to r ie s  a p p ro a c h  e ach  o th e r ,  th e  s te e p e r  tr a je c to ry  b e c o m in g  
fla tte r, a n d  th e  f la tte r  tra je c to ry  m o re  a rc h e d . I n  th e  lim it , w h e n  V a t ta in s  
th e  m in im u m  v a lu e  fo r w h ich  th e  m iss ile  w ill r e a c h  th e  ta rg e t ,  th e  tw o  
tra je c to rie s  m erg e  in to  a  s in g le  o n e  o f  m é d iu m  h e ig h t (F ig . 19). B ecau se  th is  
m éd iu m  tra je c to ry  re q u ire s  th e  sm a lle s t sp e e d  V, a n d  th e re fo re  m in im u m

steep

k in e tic  en e rg y  a i  th r u s t  cu to ff, i t  is o p t im u m  w ith  re s p e c t to  p r o p e l la n t  
re q u ire m e n ts . I t  is a lso  m o re  fa v o ra b le  in  o th e r  re sp ec ts . F o r  th e  s te e p e r  
tra je c to r) ' th e  re -e n try  sp e e d  is h ig h e r ,  th u s  p r e s e n t in g  a m o re  fo rm id a b le  
h e a t in g  p ro b le m . F o r  th e  f la t te r  tr a je c to ry  th e  re -e n try  p a th  th ro u g h  th e  
a tm o sp h e re  is lo n g e r. B o th  v e ry  s te e p  a n d  v e ry  fla t tra je c to r ie s  r e q u ir e  a 
m o re  p re c ise  g u id a n c e  system .

Effect of Eorth's Spin and Curvature 
on Trajectory Length—A Qualitative Approach

A s i m p l e  p ic tu re  o f a fre e -flig h t tr a je c to ry  m ay  b e  o b ta in e d  by c o n s id e r in g  
first th e  case w h e re  th e  r a n g e  a n d  tim e  o f  flig h t a re  so sm a ll th a t  th e  m iss ile  
can  be  a ssu m e d  to  be t r a v e l in g  o v e r  a fla t a n d  m o tio n le s s  e a r th ,  a b o v e  w h ich  
th e  a c c e le ra tio n  d u e  to  g ra v ity  g is a t  ev ery  p o in t  th e  sam e  in  m a g n i tu d e  a n d  
alw ays d ire c te d  n o rm a l to  th e  fla t su rfa c e  (F ig . 20). F o r  th is  flat-earth s i tu a t io n  
th e  h o r iz o n ta l ra n g e  f ro m  th r u s t  c u to ff  to  im p a c t is g iv e n  by  th e  e x p re s s io n ,

2  s in  7
R a n g e  =  x +  Ax = --------------  (cos 7  +  s in  7  ta n  6), ( I )

w h ere  4 x  is th e  a d d i t io n a l  ra n g e  g a in e d  b e ca u se  th ru s t  c u to ff  o c cu rs  a t  B 
in s te ad  o f  o n  th e  g ro u n d  a t  O, a n d  w h e re  fí is th e  a n g le  b e tw e e n  th e  h o r iz o n 
ta l a n d  th e  s t ra ig h t  l in e  d ra w n  fro m  B to  th e  p o in t  o f  im p a c t.

As th e  ra n g e  is in c re a se d , th e  effects o f  th e  e a r t h ’s c u r v a tu r e  a n d  r o ta t io n
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b e co m e  m o re  a n d  m o re  im p o r ta n t .  A  ro u g h  p ic tu re  o f  h o w  th ese  effects a l te r  
th e  le n g th  o f th e  tra je c to ry  m ay  b e  g a in e d  by s ta r t in g  w ith  th e  sh o rt- ra n g e  
f la t- e a r th  tra je c to ry  (F ig . 20) a n d  a d d in g  successive  c o r re c t io n s  to  it. O n ly  
th e  s im p le s t s i tu a t io n  w ill b e  c o n s id e re d : n a m e ly , th a t  o f  a m iss ile  m o v in g  in  
th e  p la n e  o f th e  e q u a to r .  M o re o v e r , s in ce  th e  in te re s t  h e re  is in  a  q u a l i ta t iv e  
p ic tu re ,  th e  m a th e m a tic a l  e x p re s s io n s  fo r  m o st o f  th e  c o r re c t io n s  w ill n o t  be 
in c lu d e d . H o w e v e r  i t  is in te r e s t in g  to  n o te  th a t  fo r  so s h o r t  a r a n g e  as th a t  
o f  a  s h o tp u t  by a n  a th le te  a t  th e  e q u a to r ,  th e  r a n g e  fo r  e a s tw a rd  p ro je c tio n  
tu rn s  o u t  to  b e  a b o u t  a n  in c h  g r e a te r  th a n  fo r  w e s tw a rd  p ro je c t io n , a ll else 
b e in g  e q u a l. F o r  a lo n g -ra n g e  m iss ile  th e  d iffe re n c e  is p r o p o r t io n a l ly  s till 
g re a te r .

I n  F ig . 21 w e a re  to  im a g in e  o u rse lv e s  as b e in g  o u t  in  sp ace , off th e  
e a r th ,  a t  so m e  p o in t  s o u th  o f  th e  e a r t h ’s e q u a to r  a n d  lo o k in g  in  a n o r th w a rd  
d i re c t io n ,  p a r a l le l  to  th e  e a r th ’s ax is . I f  w e c o u ld  s to p  th e  e a r th  f ro m  ro ta t-  
in g , a m iss ile  le a v in g  th e  th ru s t-c u to f f  p o in t  B w o u ld  fo llo w  th e  sam e  p a th  
as in  F ig . 20, e x c e p t t h a t  OX is n o w  to  b e  r e g a r d e d  as th e  ta n g e n t  to  th e  
e q u a to r  a t  O. L e t  u s  see h o w  th is  p a th  is c h a n g e d  b e ca u se  th e  e a r th  a c tu a lly

y

y

Figure 21
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is r o ta t in g  a n d  its su rfa c e  is n o t fla t. I n  F ig . 21 th e  c o o rd in a te  system  XOY 
is to  be th o u g h t  o f as fixed in space, as n o t  p a r t ic ip a t in g  in  th e  e a r th ’s m o- 
tions. T h i s  m ean s  th a t  th e  o r ig in  O d o es  n o t  m o v e  a n d  th a t  th e  m issile  
leaves B a t  th e  m o m e n t w h e n  B is v e r tic a lly  a b o v e  O.

(i) T h e  tra je c to ry  is e x te n d e d  f ro m  D to  F b e ca u se  th e  h o r iz o n ta l  com - 
p o n e n t  o f  th e  m iss ile 's  v e lo c ity  a t B is in c re a se d  f ro m  th e  lo ca lly  im p a r te d  
v a lu e  V s in  7  to  V s in  7  +  uR, w h e re  «  is th e  e a r th ’s a n g u la r  sp e e d  o f ro ta t io n  
a n d  R is th e  e a r th ’s ra d iu s . T h e  c ir c u m fe re n tia l  sp e e d  wR, w h ich  th e  m issile  
has b e fo re  i t  is la u n c h e d  a n d  r e ta in s  d u r in g  flig h t, is a b o u t  1600 f t / s e c  east- 
w a rd ; th is  is a s izab le  c o r re c t io n  ev en  fo r  m issiles fo r  w h ich  V s in  7  m ig h t be 
as m u ch  as 20,000 f t / s e c .  N o te  th a t  fo r  w e s tb o u n d  m issiles, th is  effec t o f  th e  
e a r th ’s r o ta t io n  w o u ld  re d u c e  th e  le n g th  o f  th e  tra je c to ry . F o r  m o tio n  a lo n g  
a n y  p a ra l le l  o f  la t i tu d e  X o th e r  th a n  th e  e q u a to r ,  th e  c o r re c t io n  w o u ld  o f  
course  h a v e  th e  sm a lle r  v a lu e  u R  cos X e a s tw a rd .

(ii) W h ile  th e  m issile  is t r a v e l in g  f ro m  B to  F, th e  p o in t  o n  th e  eartlV s 
su rface  d ire c t ly  b e n e a th  B h a s  a d v a n c e d  f ro m  O to  O'. T h i s  e x te n d s  th e  t r a 
je c to ry  to  th e  p o in t  G  b e ca u se  th e  im p a c t  a re a  h a s  b e e n  d isp la c e d  d o w n w a rd , 
f ro m  OF to  0 ’G, d u r in g  th e  m iss ile  flig h t. S u ch  a n  e x te n s io n  w o u ld  a lso  o c c u r  
fo r  a w e s tb o u n d  m issile .

(iii) A t O' th e  a p p a r e n t  h o r iz o n  is th e  l in e  0'H , w h ic h  c u ts  th e  tra je c to ry  
a t  H, a n d  th u s  th e  tra je c to ry  is e x te n d e d  to  H. N o tic e  th a t  th is  p a r t ic u la r  
e x te n s io n  re s u lts  fro m  a  d o w n w a rd  r o ta t io n  o r  t i l t in g  o f th e  a p p a r e n t  im p a c t 
a re a  w ith  re s p e c t to  OX d u r in g  flig h t. F o r  a  w e s tb o u n d  m iss ile  th e  r o ta t io n  
o f th e  im p a c t a re a , as o b s e rv e d  f ro m  O', w o u ld  b e  u p w a rd , r e s u l t in g  in  a 
r e d u c t io n  o f  tra jec to ry ' le n g th .

(iv) T h e  tra je c to ry  is s till  f a r th e r  e x te n d e d , f ro m  H to  / ,  b e ca u se  o f  th e  
c u rv a tu re  o f  th e  e a r th , w h ich  g ives th e  m iss ile  a d d i t io n a l  t im e  to  a c q u ire  
ran g e . T h i s  e x te n s io n  is p o s itiv e , n o  m a t te r  in  w h a t d ire c t io n  th e  m iss ile  
is tra v e lin g , a n d  w o u ld  o c c u r  e v e n  if th e  e a r th  w e re  n o t r o ta t in g .  T h e  lo n g e r  
th e  ra n g e , th e  g r e a te r  w ill b e  th is  e x te n s io n , b e ca u se  th e  s e p a ra t io n  o f  th e  
sp h e r ic a l su rfa c e  fro m  th e  p la n e  OX o c cu rs  a t  a n  in c re a s in g  r a te  as th e  
d is ta n c e  fro m  O in creases .

(v) T h e  m iss ile  w o u ld  re a c h  p o in t  I o n ly  if th e  g r a v i ta t io n a l  fo rce  o n  it 
w 'ere a t  ev ery  p o in t  p a ra l le l  to  th e  y -ax is . A c tu a lly  th is  fo rce  is d i re c te d  
to w a rd  th e  c e n te r  of th e  e a r th  a t  ev ery  in s ta n t  o f  th e  f lig h t. C o n s e q u e n t ly  a 
b a c k w a rd  c o m p o n e n t  o f g r a v i ta t io n a l  fo rce  se ts in  as so o n  as th e  m iss ile  
leaves th e  th ru s t-c u to ff  p o in t  B, a n d  its  m a g n i tu d e  in c rea se s  s te a d ily  w ith  th e  
tim e  s in ce  th e  m iss ile  le f t  B. T h e  n e t  effec t is to  s h o r te n  th e  tra je c to ry , so 
th a t  im p a c t o c cu rs  a t  so m e p o in t  J, r a t h e r  th a n  a t I. A c u a lly  th e  b a c k w a rd  
c o m p o n e n t  o f th e  g r a v i ta t io n a l  fo rce  is a sso c ia te d  w ith  tw o  d if f e re n t  fac to rs . 
O n e  is th e  d is p la c e m e n t o f th e  m iss ile  fro m  th e  fix ed  p o in t  O  as a r e s u l t  o f 
its  lo ca lly  im p a r te d  v e lo c ity  V. T h i s  p a r t  o f  th e  b a c k w a rd  c o m p o n e n t  i n 
creases w ith  th e  d u r a t io n  o f  f lig h t, d e c re a se s  as th e  d is ta n c e  o f  th e  m iss ile  
fro m  th e  c e n te r  o f  th e  e a r th  in c rea se s , a n d  w o u ld  e x is t  e v en  if  th e  e a r th  w e re  
n o t ro ta t in g .  T h e  o th e r  fa c to r  is th e  d e p a r tu r e  o f  th e  m iss ile  fro m  O b e ca u se  
of its  v e lo c ity  uR r e s u l t in g  fro m  th e  eartlV s r o ta t io n .  T h i s  p a r t  o f  th e
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n e t  b a c k w a rd  c o m p o n e n t  is a lw ays w e s tw a rd , th u s  r e d u c in g  e a s tw a rd  ra n g e s  
a n d  e x te n d in g  w e s tw a rd  ran g es .

A lth o u g h  o u r  in te re s t  h a s  b e e n  m a in ly  to  sh o w  in  a q u a l i ta t iv e  w ay how  
th e  r o ta t io n  a n d  c u rv a tu re  o f  th e  e a r th  a ffec t th e  r a n g e , i t  s h o u ld  b e  sa id  
th a t  th e  m e th o d  u sed  h e re  c an  b e  g e n e ra liz e d  to  c o v e r  th e  case o f  a  m issile  
p r o je c te d  a t  a n y  la t i tu d e  a n d  in  a t r a je c to ry  th e  p la n e  o f  w h ich  is d ire c te d  
in  a n y  d e s ire d  a z im u th . F o r  a n y  case, h o w e v e r, th e  a p p r o x im a t io n s  in v o lv e d  
in  d e r iv in g  th e  m a th e m a tic a l  e x p re s s io n s  fo r  th e  v a r io u s  in d e p e n d e n t  cor- 
re c tio n , o r  perturbation, te rm s  a re  le a s t o b je c t io n a b le  fo r  m issiles h a v in g  
sm a ll v e lo c itie s  a t  th ru s t  cu to ff.

Theory of Ballistic Trajectories

A l t h o u g h  th e  fo re g o in g  a p p r o a c h  is u s e fu l fo r  i l lu s tr a t iv e  p u rp o se s , co m p u - 
ta t io n s  o f  tr a je c to r ie s  o f  g r e a t  le n g th  m u s t o f  c o u rse  b e  b a se d  o n  N e w to n ia n  
d y n a m ic a l  a n d  g ra v i ta t io n a l  th e o ry . O n e  s ta r ts  w ith  th e  a s s u m p tio n  th a t  th e  
e a r th  is a h o m o g e n o u s  s p h e re  a n d  th e re fo re  a t t r a c ts  a m iss ile  as if  a ll  th e  
e a r t h ’s m ass M  w ere  c o n c e n tr a te d  a t its  c e n te r  (F ig . 22). W e  h a v e  th e n  a

tw o -p a r tic le  p ro b le m , th a t  o f  a  m iss ile  o f  
re la t iv e ly  sm a ll m ass m  in  fre e  f lig h t u n d e r  
th e  g r a v i ta t io n a l  a t t r a c t io n  o f  a n o th e r  p a r-  
tic le , th e  e a r th ,  o f  e x c e e d in g ly  la rg e  m ass Aí. 
N o tic e  th a t  th e  o n ly  ro le  p la y e d  h e re  by 
th e  e a r th ’s su rfa c e  is to  p ro v id e  la u n c h in g  
a n d  im p a c t a re a s  fo r  th e  m issile .

T h e  tra je c to r ie s  to  b e  u se d  in  coor- 
d in a t in g  th e  p r e l im in a r y  d e s ig n s  o f  th e  m a 
jo r  su b sy s tem s o f  a n y  p a r t ic u la r  ty p e  o f m is 
sile  a re  c a lle d  reference trajectories. F o r  th is  
p r e l im in a r y  p h a se  th e  t r a je c to r ie s  w ill be  
su ffic ien tly  a c c u ra te  if  c o m p u te d  w ith  re sp e c t 
to  a  n o n r o ta t in g  s p h e r ic a l  e a r th . T h u s  th e  

e a r th  in  F ig . 22 is to  b e  th o u g h t  o f  as m o tio n le s s  in  a n  inertial frame of 
reference—a n o n r o ta t in g  se t o f  c o o rd in a te s  in  sp ace  th a t ,  fo r  a ll p re s e n t 
p u rp o se s , m ay  b e  r e g a rd e d  as h a v in g  its  o r ig in  fix ed  w ith  re s p e c t to  th e  
c e n te r  o f  th e  su n . N e w to n ’s e q u a t io n s  o f  m o tio n  th e n  a p p ly  in  th e i r  s im p le s t 
fo rm , a n d  f ro m  th e m  a n  e q u a t io n  fo r  th e  v a r io u s  p o ss ib le  free -flig h t t r a je c 
to r ie s  o f  a  m iss ile  m ay  b e  d e r iv e d . T h is  e q u a t io n  tu rn s  o u t  to  b e  th e  g e n e ra l  
e q u a t io n  o f  a c o n ic  se c tio n . A s to  w h e th e r  a n y  p a r t ic u la r  t r a je c to ry  w ill b e  a 
p a r a b o la  o r  a n  e llip se  is f o u n d  to  d e p e n d  o n  w h e th e r  th e  r a t io  o f  th e  
m iss ile ’s k in e t ic  e n e rg y  to  its  p o te n t ia l  e n e rg y  a t  th ru s t  c u to ff  is e q u a l to  
u n i ty  o r  is less th a n  u n i ty .  K n o w in g  th is , o n e  c a n  th e n  sh o w  th a t  th e  sp ee d  
V o f  th e  m issile  a t  c u to ff  d e te rm in e s  th e  ty p e  o f  p a th  as fo llo w s:

(i) A p a ra b o la  if  V =  \J2GM/ (R - f  h), w h e re  G  is th e  N e w to n ia n  c o n s ta n t
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o f g ra v ita t io n , M a n d  R a re  th e  m ass a n d  th e  r a d iu s  o f  th e  e a r th ,  re sp ec tiv e ly , 
a n d  h  is th e  a l t i tu d e  o f  th e  th ru s t-c u to ff  p o in t .  I n s e r t in g  in  th is  e x p re s s io n  
th e  k n o w n  v a lu es o f  G, M, a n d  R, a n d  le t t in g  h b e , fo r  e x a m p le , 100 m iles , 
w e f in d  th a t  V is a p p ro x im a te ly  6 .9  m i/s e c .  F o r  th is  c u to ff  v e lo c ity  a n d  a n y  
v a lu e  o f  th e  p ro je c tio n  a n g le  7  (F ig . 22), th e  m iss ile  w ill e scap e  f ro m  th e  
e a r th  a lo n g  a p a ra b o lic  p a th .

(ii) A n  e llip se  w ith  its  n e a r e r  fo cu s  a t  th e  c e n te r  o f  th e  e a r th  (F ig . 23) if 
\G M /  (R +  h) <  V <  \  2GM/ (R +  h)\ th a t  is, if  V is b e tw e e n  a b o u t  5 a n d  7 
m i/s e c .

(iii) A c irc le  s u r r o u n d in g  th e  e a r th  if  V =  y/GM/ (R - f  h), a b o u t  5 m i/s e c , 
a n d  7  =  9 0 ° . F o r  o th e r  v a lu e s  o f  7  th e  p a th  w ill b e  e l l ip t ic ,  b u t  n o t  c irc u la r .

(iv) A n  e llip se  w ith  its  f a r th e r  fo cu s a t  th e  e a r t h ’s c e n te r  (F ig . 24) if  
V <  \  GM/  (R +  h), th a t  is, less th a n  a b o u t  5 m i/s e c .

Figure 23 Figure 24

I t  is C ase (iv) th a t  is o f  in te re s t  in  th e  b a ll is t ic  m iss ile  p ro g ra m . F o r  th is  
o n e  can  sh o w  th a t  to  o b ta in  m a x im u m  ra n g e  fo r  a n y  g iv e n  th ru s t-c u to f f  
sp ee d  V, th e  p ro je c t io n  a n g le  7  m u s t e x ce e d  4 5 ° . T h e  m a x im u m  p o ss ib le  
r a n g e  is h a lf  w ay a ro u n d  th e  e a r th ,  th is  b e in g  o b ta in e d  w h e n  7  is 9 0 °  ( h o r i 
z o n ta l p ro je c t io n ) ,  reg a rd le ss  o f  th e  a l t i tu d e  h o f  th e  th ru s t-c u to ff  p o in t .  H o w - 
ev e r  ra n g e s  e x c e e d in g  a b o u t  fo u r - te n th s  o f  th e  w ay a r o u n d  b e co m e  in c rea s- 
in g ly  im p ra c tic a l  b ecause  o f  th e  e x tre m e  se n s it iv ity  o f  th e  r a n g e  to  th e  a n g le  
7  a n d  sp eed  V. T o  g e t o n e  f o u r th  o f  th e  w ay a r o u n d  th e  e a r th  w h e n  h is 100 
m i, th e  o p t im u m  v a lu es  a re  ro u g h ly  70 ° fo r  7 , 4 m i /s e c  fo r  V, a n d  0.5 h r  fo r  
th e  flig h t tim e .

Eflect of earth’s motions. I n  c o m p u tin g  a c c u ra te  flight test trajectories, 
a c c o u n t m u s t o f  co u rse  b e  ta k e n  o f  th e  effects o f  th e  e a r th ’s m o tio n s . T h i s  
a m o u n ts  to  f in d in g  h o w  v e lo c itie s  a n d  a c c e le ra tio n s  m e a s u re d  o n  th e  e a r th , 
a  n o n in e r t ia l  f ra m e  o f re fe re n c e , c an  b e  t r a n s fo rm e d  in to  d a ta  s u i ta b le  fo r  
use in  th e  basic  N e w to n ia n  e q u a tio n s . H e re  w e w ill b e  a b le  to  c la r ify  so m e  
c o n c e p ts—th e  C o rio lis  a c c e le ra tio n , th e  s ta t ic  v e r tic a l ,  a n d  so o n —th a t  w ere
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o f  less im p o r ta n c e  a d e c a d e  o r  so ag o  w h e n  a i r  v e h ic le  sp eed s  w ere  sm a lle r  
a n d  th e  a c c u ra c ie s  o f n a v ig a t io n a l  in s t r u m e n ts  w e re  ju s t  a b o u t  e q u a l to  th e  
m a g n itu d e s  o f so m e  o f th e  effects to  b e  d e sc rib e d .

In  F ig. 25, le t X i Y tZ (, r e p re s e n t  a  se t o f  r ig id  c o o rd in a te  axes fix ed  in  
in e r t ia l  sp ace  a n d  w ith  its  o r ig in  O» lo c a te d  a t th e  c e n te r  o f  th e  su n ; a n d  le t

XYZ  b e  a  s im ila r  se t o f  ax es  r ig id ly  a t ta c h e d  to  th e  r o ta t in g  e a r th  a n d  w ith  
its  o r ig in  O a t  th e  e a r th ’s c e n te r . I f  V{ is th e  v e lo c ity  (sp e ed  a n d  d ire c t io n  of 
m o tio n )  o f  th e  m issile  m  a t  a n y  m o m e n t  d u r in g  its  f re e  f lig h t, as seen  f ro m  th e  
in e r t i a l  f ra m e  X<y<Z«, th e n

V< =  V„b, +  uR cos X (a lw ay s e a s tw a rd )  +  Vorb ( a lo n g  e a r t h ’s o rb i t ) .  (2)

I n  w ords , th e  “ t r u e  v e lo c ity ” a t  a n y  m o m e n t c a n  b e  e x p re s se d  as th e  vector 
sum o f  th re e  c o m p o n e n ts :  (i) th e  v e lo c ity  V„b. o f  th e  m iss ile  as m e a s u re d  by 
a n  o b s e rv e r  o n  th e  e a r th ;  (ii) th e  v e lo c ity  uR cos X w ith  w h ic h  a p o in t  o n  th e  
e a r th ’s su rfa c e  a t  l a t i tu d e  X m o v es e a s tw a rd  in  a  c irc le  a b o u t  th e  e a r th ’s ax is, 
w h e re  w is th e  e a r th ’s a n g u la r  v e lo c ity  a b o u t  its  ax is , a n d  R  is th e  e a r th ’s 
r a d iu s ;  ( iii)  th e  o r b i ta l  v e lo c ity  F ort> o f  th e  e a r th 's  c e n te r  O a b o u t  th e  su n , o f 
a v e ra g e  m a g n i tu d e  a b o u t  18 m i /s e c  a n d  in  a  d i re c t io n  in  sp ace  th a t  v a rie s  
w ith  th e  tim e  o f  y ear.

T h e  e x p re s s io n  fo r  th e  “ t r u e  a c c e le r a t io n ” o f  th e  m iss ile  r e la t iv e  to  th e  
in e r t ia l  f ra m e  XiYiZ i is o b ta in e d  by  d i f f e r e n t ia t in g  E q . (2) w ith  re sp e c t to  th e  
tim e . T h e  re s u lt ,  o m i t t in g  u n i m p o r t a n t  te rm s , is

a , =  a0b» + <*>2R cos X +  acor; (3)

th a t  is, at is th e  v e c to r  su m  o f  th re e  c o m p o n e n ts :  (i) th e  a c c e le ra tio n  a0b> o f  
th e  m iss ile  as o b se rv e d  f ro m  th e  e a r th ;  (ii) th e  centripetal acceleration u-R 
cos X, w h ich  is a lw ays d i re c te d  to w a rd  a n d  n o rm a l to  th e  e a r th ’s ax is , is 
possessed  by  th e  m issile  b e fo re  la u n c h in g , a n d  is r e ta in e d  by it  d u r in g  flig h t 
(F ig . 26); ( iii)  th e  Coriolis acceleration acor, w h ic h  w ill be  d iscu ssed  in  a 
s u b s e q u e n t  se c tio n . O m it te d  f ro m  E q . (3) a re  tw o  a d d i t io n a l  c o m p o n e n ts  o f  
a c c e le ra t io n  th a t  a re  n e g lig ib ly  sm a ll: o n e  is th e  a c c e le ra tio n  o f  th e  e a r th ’s 
c e n te r  in  its  o r b i t  a b o u t  th e  su n ; th e  o th e r  in v o lv es  th e  a n g u la r  a c c e le ra tio n  
o f  th e  e a r th  a b o u t  its  ax is.







The Acceleration g and the Static Vertical

I f  t h e  e a r th  d id  n o t  r o ta te  o n  its  ax is , th e re  w o u ld  be a sso c ia te d  w ith  ev ery  
p o in t  o n  a n d  a b o v e  its  su rfa ce  a p u r e  g ra v i ta t io n a l  fie ld  o f  in te n s i ty  (a c c e le ra 
tio n )  ü í. I ts  m a g n itu d e  a t  a n y  p o in t  d i s ta n t  r  f ro m  th e  c e n te r  o f  th e  e a r th  
w o u ld  b e  GM/r2, f ro m  N e w to n ’s law  o f  g r a v i ta t io n ,  a n d  its  d i r e c t io n  w o u ld  
be  to w a rd  th e  c e n te r  O o f  th e  e a r th . B u t a c tu a i ly  th e  e a r th  is r o ta t in g  a b o u t  
its  ax is  w ith  a n g u la r  v e lo c ity  w, a n d  a n y  o b je c t  a t ta c h e d  to  i t  is c o n tin u o u s ly  
u n d e rg o in g  a  c e n t r ip e ta l  a c c e le ra tio n  w2r  cos X (F ig . 26). T h i s  m e a n s  th a t  th e  
e a r th ’s g ra v i ta t io n a l  fo rce  o n  th e  o b je c t  m u s t b e  re so lv e d  in to  tw o  com -

p o n e n ts :  o n e  o f th ese  p ro d u c e s  th e  c e n t r ip e ta l  a c c e le ra tio n  a n d  is th e re fo re  
d ire c te d  p e r p e n d ic u la r  to  th e  e a r t h ’s ax is ; th e  r e m a in in g  c o m p o n e n t  p ro d u c e s  
th e  a c c e le ra t io n  th a t  w e ca ll acceleration due to gravity g. T h u s ,  as sh o w n  in  
Fig. 27, g a t  a n y  p o in t  is th e  vector difference b e tw e e n  th e  " t r u e  g ra v i ta t io n a l  
a c c e le r a t io n ” a n d  th e  c e n t r ip e ta l  a c c e le ra tio n  a t  th a t  p o in t ,  o r

g = GM/r2 ( to w a rd  e a r th ’s c e n te r )  — w2r  cos X ( to w a rd  e a r th ’s ax is). (4)

T h is  v a r ia t io n  o f  g w ith  r  a n d  X o b v io u s ly  m ig h t b e  a m a t te r  o f  c o n s id e ra b le  
im p o r ta n c e  fo r  a m issile  tr a je c to ry  o f  g re a t  le n g th  a n d  h e ig h t.

T h e  d i re c t io n  o f g a t  a n y  p o in t  is c a lle d  th e  static vertical a t  th a t  p o in t .  
T h e  su rfa c e  o f s till  w a te r  o n  th e  e a r t h ’s su rfa c e  is p e r p e n d ic u la r  to  g, n o t  to  
G M / r 2; a n d  th e  e a r th  as a  w h o le , a t  a t im e  w h e n  it w as n o t  r ig id , s im ila r ly  
te n d e d  to  a d ju s t  itse lf, ta k in g  a p p r o x im a te ly  th e  sh a p e  o f  a n  o b la te  s p h e ro id  
r a th e r  th a n  a  sp h e re . O n ly  a t  th e  e q u a to r  a n d  th e  p o le s  is g d i re c te d  to w a rd  
th e  e a r th ’s c e n te r  O; a n d  s in ce  mg is w h a t w e ca ll th e  weight o f  a n y  o b je c t  o f 
m ass m, i t  is o n ly  a t  th e se  p lac e s  th a t  th e  w e ig h t is d i r e c te d  to w a rd  O.

A d v a n ta g e s  o f h a v in g  th e  c o n c e p t  g b e co m e  e v id e n t  w h e n  w e so lve  E q . 
(5) fo r  th e  e a r th -o b se rv e d  a c c e le ra tio n  a„b. a n d  th e n  in s e r t  in to  it  th e  v a lu e  

o f  g g iv en  by E q . (4). T h e  re s u l t  is

üobi — g — flCor. (5)

In  w ords, a o». a t  an y  p o in t  o f  a  m iss ile ’s f re e -f lig h t tr a je c to ry  is e q u a l  s im p ly  
to  th e  v e c to r  d iffe re n c e  b e tw e e n  g a n d  th e  C o r io lis  a c c e le ra tio n  a t  th a t  p o in t ;
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ta in s , va lleys, o cean s , a n d  a b n o rm a l ly  h ig h  o r  lo w  d e n s itie s  o f th e  m a te r ia is  
n e a r  th e  g ra v ity  s ta t io n s . S u c h  d e p a r tu r e s  f ro m  th e  e x p e c te d  v a lu e s  a re  
c a l le d  gravity anomalies. A l th o u g h  g ra v ity  a n o m a lie s  a re  sm all in  m a g n i 
tu d e , v a ry in g  in  d if fe re n t lo c a lit ie s  f ro m  a b o u t  zero  to  a b o u t  ± 0 .0 7  p e rc e n t, 
th e y  m a k e  p o ss ib le  re f in e d  d e te r m in a t io n s  o f  im p o r ta n t  g eo d es ic  q u a n t i t ie s :  
g eo d es ic  lin e s , d e fle c tio n s  o f  th e  s ta t ic  v e r tic a l ,  a n d  e le v a tio n s  o f  sea-level 
p o in ts  w ith  re s p e c t to  th e  su rfa c e  o f th e  o b la te  s p h e ro id  u sed  as a re fe re n c e  
fig u re .

The Phases of Research, Development, and Production

A n y  m iss ile  p ro g ra m  if su ccessfu l, a n d  in  p a r t ic u la r  a  b a l l is t ic  m iss ile  p ro - 
g ra m , in v o lv e s  th e  th re e  d e f in ite  b u t  o v e r la p p in g  a n d  b le n d in g  p h ase s  o f  re- 
se a rc h , d e v e lo p m e n t,  a n d  p r o d u c t io n .  T h e r e  is m o re  b le n d in g  b e tw e e n  re- 
se a rc h  a n d  d e v e lo p m e n t th a n  b e tw e e n  d e v e lo p m e n t  a n d  p r o d u c t io n .  O rd i-  
n a r i ly  th e re  is n o  a b r u p t  t r a n s i t io n  b e tw e e n  re s e a rc h  a n d  d e v e lo p m e n t.  A t 
th e  b e g in n in g  o f  a p ro g ra m  th e  p r o p o r t io n  o f  re s e a rc h  to  d e v e lo p m e n t is 
h ig h . T o w a r d  th e  e n d  o f  th e  d e v e lo p m e n ta l  p h a se , th e  re s e a rc h  m ay  ta p e r  
o ff. R e s e a rc h  a n d  d e v e lo p m e n t  a re  c lose  to g e th e r  o rg a n iz a t io n a l ly  a n d  re- 
q u i r e  f r e q u e n t  a n d  d i re c t  in te rc h a n g e s  o f  in fo rm a t io n .

A s in  m o s t m il i ta ry  c o n tra c ts , th e  re s e a rc h  c a r r ie d  o u t  is a p p l ie d  re se a rc h . 
I ts  p r im a ry  m o tiv a t io n  is th e  fa c t th a t  a t  th e  b e g in n in g  o f  th e  p ro g ra m  n o t  
e v e ry th in g  is k n o w n  th a t  s h o u ld  b e  k n o w n  to  g u a r a n te e  success. T h e  scope 
o f  th e  r e q u i r e d  k n o w le d g e  is n o t  c le a r  u n t i l  th e  o b je c tiv e s  a n d  p e r fo rm a n c e  
o f  th e  m iss ile  a re  d e f in e d . T h i s  u su a lly  in v o lv e s  sp ec ific  a d v a n c e s  b e y o n d  th e  
S tate o f  th e  a r t .  A  se c o n d a ry  m o tiv a t io n  d e r iv e s  f ro m  th e  fac t th a t ,  e v en  in  
e x p lo re d  a re a s , th e  te c h n o lo g y  o n  w h ic h  m iss ile s  a re  d e p e n d e n t  is in  c o n s ta n t 
n e e d  o f  im p ro v e m e n t .  F o r  th e se  re a so n s  a m iss ile  p ro g ra m  p ro f its  by  a 
v ig o ro u s  a n d  p ra c tic a l  r e s e a rc h  e ffo r t a t  th e  b e g in n in g  a n d  a  c o n t in u e d  r e 
se a rc h  e ffo rt to  s u p p o r t  th e  d e v e lo p m e n ta l  p h a se .

A lth o u g h  i t  is w ise to  s tay  c lose  to  th e  S tate  o f  th e  a r t  w h e re v e r  p o ssib le , 
a n y  n e w  p r o g ra m  th a t  p ro m ise s  m a jo r  a d v a n c e s  in  m il i ta ry  c a p a b i l i ty  in ev i- 
ta b ly  in v o lv e s  som e c o r re s p o n d in g  a d v a n c e s  in  sc ie n tif ic  k n o w le d g e  a n d  te c h 
n o lo g y . T h e  IC B M  a n d  IR B M  h a v e  r e q u ir e m e n ts  o f  p re c is io n  g u id a n c e  th a t  
h a v e  n o t  p re v io u s ly  b e e n  r e d u c e d  to  p ra c t ic e  in  a c o m p le te  o p e r a t in g  system . 
T h e  a l t i tu d e  a t ta in e d  is g r e a te r  th a n  th a t  o f  a n y  o th e r  m il i ta ry  m issile . T h is  
n o t  o n ly  in v o lv es  e x te n s io n s  o f  th e  c u r r e n t  p r o p u ls io n  tech n o lo g y ' b u t  ra ises 
q u e s t io n s  a b o u t  m a t te r  th a t  m ay  b e  e n c o u n te r e d  o n  th e  e d g e  o f in te r-  
p la n e ta r y  sp ace . F u r th e r  p ro b le m s  a rise  b e ca u se  o f  th e  w id e  ra n g e s  o f  te m p e r-  
a tu r e  a n d  v ib ra t io n  th r o u g h  w h ic h  th e  v e h ic le  m u s t b e  d e s ig n e d  to  o p e ra te  
sa tis fa c to r ily  a n d  re lia b ly . T h e r e  is a p ro b le m  o f  sa fe  r e t u r n  o f  th e  w a rh e a d  
th r o u g h  th e  a tm o s p h e re  w i th o u t  o v e rh e a t in g . A lth o u g h  a c o m p re h e n s iv e  
d iscu ss io n  o f  su ch  p ro b le m s  is n o t  p o ss ib le  h e re , it a p p e a r s  sa fe  to  say th a t  
n o th in g  h as b e e n  fo u n d  to  d a te  th a t  w o u ld  p r e v e n t  th e  u l t im a te  success o f th e  
U S A F  b a ll is t ic  m iss ile  p ro g ra m .
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I f  it  w ere  feasib le  fo r  re s e a rc h  m e n  to  fo resee  a ll p ro b le m s  a n d  so lve  th e m  
b e fo re  m issiles w ere  f lo w n  a n d  if  d e s ig n e rs  c o u ld  a lw ays d e s ig n  c o rre c tly  o n  
first a t te r a p t ,  th e re  w o u ld  be  n o  n e e d  fo r  a d e v e lo p m e n ta l  p h a se . I n  p ra c tic e  
a  m issile  n ecessarily  m u s t b e  d e v e lo p e d  as a n  e x te n d e d  se ries  o f  d e s ig n s , re- 
designs, tests, a n d  ra e a su re m e n ts . D e v e lo p m e n ta l  h a rd w a re  d iffe rs  f ro m  r e 
sea rch  h a rd w a re  n o t o n ly  in  se rv in g  to  p ro v e  o u t  a  p r in c ip ie  b u t  in  b e in g  cap- 
a b le  o f  p ra c tic a l  use in  th e  m iss ile  a n d  a d a p ta b le  to  p r o d u c t io n  w ith  re d e s ig n  
o n ly  fo r  c h an g e s  in  to o lin g  o r  fo r  e a s ie r  a ssem b ly  b y  w o rk e rs  o f  m in im u m  sk ill.

T h e  e a r ly  p o r t io n s  o f  th e  r e s e a rc h  a n d  d e v e lo p m e n ta l  p h a se s  a re  c e n te re d  
o n  th e  a t ta in m e n t  o f  o n e  o r  m o re  sa tis fa c to ry  d e s ig n s . E v e n tu a l ly  th e  em - 
p h asis  sh ifts  to w a rd  th e  d e m o n s t r a t io n  th r o u g h  c o n t in u e d  tests  a n d  firin g s 
th a t  o n e  o r  m o re  d e s ig n s  a re  sa tis fa c to ry . W h e n  a  d e s ig n  is su ffic ien tly  p ro v e d  
o u t ,  th e  p ro d u c t io n  p h a se  b e g in s , b u t  e v a lu a t io n  o f  th e  d e s ig n  c o n tin u e s  a n d  
som e f u r th e r  im p ro v e m e n ts  a re  m a d e .

T h e  p r o d u c t io n  o r g a n iz a t io n  m u s t p r e p a r e  fo r  th e  e v e n tu a l  fu ll-sca le  
p ro d u c t io n  o f  th e  h a rd w a re  b y  m a n u f a c tu r in g  i t  in  g r a d u a lly  in c re a s in g  
q u a n t i t ie s  w h ile  p e r fe c t in g  th e  p r o d u c t  a n d  its  m e th o d  o f  m a n u fa c tu r e .  T h e  
o p e r a t io n  m u s t be  r e la t iv e ly  f le x ib le  a t  first, to  p e r m it  n ecessa ry  e n g in e e r in g  
c h an g e s  th a t  w e re  n o t  c o m p le te d  b e fo re  p r o d u c t io n  b e g a n . B u t  th e  e m p h a s is  
so o n  sh if ts  to  th a t  o f  a d a p t in g  th e  d e s ig n  as n ecessa ry  fo r  p r o d u c t io n  to o lin g , 
fo r  m a n u fa c tu r e  in  su ffic ien t q u a n t i ty  w ith  p la n ts  o f  fe a s ib le  size a n d  w ith o u t  
excessive  d e m a n d s  o f  s k ille d  la b o r  a n d  fo r  m a n u fa c tu r e  a t  a lo w e r  cost p e r  
i te m , c o n s is te n t  w ith  th e  o th e r  im p o r ta n t  r e q u ir e m e n ts  o n  th e  h a rd w a re .

Missile Reliability

T h e  p r o b a b i l i ty  o f h i t t i n g  th e  ta rg e t  is in f lu e n c e d  in  p a r t  by  th e  d is p e rs io n  
o f  th o se  m issiles w hose  flig h ts  h a v e  n o t  b e e n  in f lu e n c e d  by  m a jo r  m a lfu n c -  
t io n s  a n d  in  p a r t  by th e  n u m b e r  o f  m issile s th a t  fa il b e ca u se  o f  so m e in te r n a i  
m a lfu n c t io n  o r  som e d ifficu lty  in  th e  g r o u n d  e q u ip m e n t .  A lth o u g h  a r e l ia 
b i l i ty  g ro u p  is n o rm a lly  c o n c e rn e d  w ith  th e  m o n i to r in g  o f  a sp e c ts  o f  d e s ig n  
a n d  m a n u fa c tu re  th a t  c o n tr ib u te  b o th  to  d is p e rs io n  a n d  to  loss, th e  r e l i a b i l 
ity  o f  th e  w e a p o n  system  in  s tr ic te s t  sense  is r e la te d  to  th e  se c o n d  a sp e c t.

T h e  reliability is d e f in e d  as th e  r a t io  o f th e  n u m b e r  o f su ccessfu l firing s, 
w ith  o n ly  n o rm a l d isp e rs io n  a n d  n o  m a jo r  m a lfu n c t io n ,  to  th e  to ta l  n u m b e r  
o f  firings. T h e  IC B M  a n d  IR B M  a re  n e i th e r  th e  m o st c o m p lic a te d  n o r  th e  
s im p le s t o f  m issiles u n d e r  d e v e lo p m e n t.  T h e  m o re  c o m p le x  th e  w e a p o n  
system , th e  g re a te r , in  g e n e ra l ,  is th e  r e l ia b i l i ty  n e e d e d  in  th e  v a r io u s  p o r t io n s  
o f th e  system . T h u s  re l ia b i l i ty  is o n e  o f  th e  im p o r ta n t  c o n s id e ra t io n s  in  th e  
d e v e lo p m e n t o f  an y  m issile . T h e  a b se n c e  o f  a  h u m a n  p i lo t  su g gests  th a t  th e  
r e l ia b i l i ty  w h ich  can  b e  to le r a te d  is so m e w h a t s m a lle r  th a n  th a t  fo r  a n  a ir-  
p la n e ;  b u t  to  a t ta in  th is  r e l ia b i l i ty  in  a n  u n m a n n e d  v e h ic le  is m o re  d ifficu lt.

A r e l ia b i l i ty  p ro g ra m  is la rg e ly  a m a t te r  o f  m o n i to r in g  to  e n s u re  th a t  
th e  d e s ig n  te c h n iq u e s  a p p l ie d  a n d  th e  c o m p o n e n t  p a r ts  u t i l iz e d  a re  th e  b est 
th a t  a re  a v a ila b le , th a t  th e  e n v ir o n m e n ta l  c o n d i t io n s  o f  th e  m iss ile —te m p e ra -
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tu re , a l t i tu d e ,  h u m id ity , c o rro s iv e  a ir ,  v ib ra t io n ,  a n d  so f o r th —h av e  b e en  
ta k e n  su ffic ien tly  in to  a c c o u n t  in  th e  d e s ig n , th a t  e x te n s iv e  te s t in g  is c a r r ie d  
o u t  to  s u p p o r t  th e  d e v e lo p m e n t p ro g ra m , th a t  e v en  m o re  te s t in g  is in co rp o - 
r a te d  in to  th e  m a n u f a c tu r in g  p ro cess  th a n  w ith  h a rd w a re  fo r  o th e r  a p p lica -  
t io n s , th a t  a d e q u a te  c o n tro l  o f  q u a l i ty  o f  w o rk m a n s h ip  is m a in ta in e d , a n d  
th a t  a  w e ll-b a la n c e d  r e c o rd  o f e n v ir o n m e n ta l  c o n d i t io n s  a n d  p e r fo rm a n c e  
h is to r ie s  is o b ta in e d  f ro m  th e  m iss ile  flig h ts . I t  w ill b e  n o te d  h o w  h eav ily  
d e p e n d e n t  th e  a t t a in m e n t  o f  sa tis fa c to ry  r e l ia b i l i ty  is o n  te s tin g , b o th  to  
e n s u re  th a t  th e  h a rd w a re  is b u i l t  as it  w as d e s ig n e d  a n d  as a n  a id  in  p e rfe c t-  
in g  th e  d e s ig n . H o w e v e r, as th e  d e s ig n  m a tu re s , it  is im p o r ta n t  th a t  th e  
n e e d  fo r  f u r th e r  te s t in g  b e  k e p t  to  a m in im u m .

E x te n s iv e  te s t in g  o f  h a rd w a re  w ill b e  c a r r ie d  o u t  in  e n v ir o n m e n ta l  cham - 
b e rs . V ib ra t io n  is n o ta b ly  a n  a w k w a rd  e n v ir o n m e n t  to  an a ly z e  a n d  d e sig n  
to , b u t  th e  m o s t a d v a n c e d  te c h n iq u e s  c u r r e n t ly  k n o w n  fo r  d a ta  r e d u c t io n  
a n d  fo r  s im u la t io n  o f  v ib r a t io n  w ill b e  u sed . O f  sp ec ia l im p o r ta n c e  is a n  
e ffic ien t p ro cess  fo r  g a th e r in g  d a ta  o n  r e l ia b i l i ty  p ro b le m s  a n d  e n s u r in g  th a t  
th e  d ia g n o se s  a re  u sed  to  im p ro v e  th e  d e s ig n  o r  th e  m a n u fa c tu r e  m e th o d s  
a t  th e  e a r l ie s t  d a te  c o n s is te n t  w ith  m a in te n a n c e  o f  a n  o rd e r ly  s c h e d u le .

The Approach to Testing

An y  m iss ile  d e v e lo p m e n t is h e a v ily  d e p e n d e n t  o n  te s t in g . T h e  sc h e d u le  a n d  
th e  success o f  th e  d e v e lo p m e n t  a re  c r i t ic a lly  in f lu e n c e d  by th e  p l a n n in g  fo r  
th e  tests . O f  sp e c ia l im p o r ta n c e  a re  th e  o r d e r  in  w h ich  th e  v a r io u s  te s ts  a re  
c a r r ie d  o u t ,  th e  re la t iv e  e m p h a s is  p la c e d  o n  th e m , th e  c o m p le x ity  o f  a n y  
s u p p o r t in g  e q u ip m e n t  n e e d e d  fo r  m a k in g  each  test, a n d  th e  a d e q u a c y  o f th e  
te s t  fa c ili t ie s .

T h e  a p p r o a c h  u se d  in  th e  U S A F  b a llis t ic  m iss ile  p ro g ra m  is o n e  of 
p a r a l le l  o r  o v e r la p p in g  te s ts  w ith  a n  o rd e r ly  p ro g re ss io n  fro m  s im p le  te s t 
i te m s  to  a c o m p le te  sy stem . E x te n s iv e  te s t in g  o f  d e ta i l  p a r ts , su b assem b lie s , 
a n d  a sse m b lie s  is b e in g  c a r r ie d  o u t  in  th e  la b o ra to ry . H o w e v e r, f lig h t te s t in g  
is s c h e d u le d  to  b e g in  a t  th e  e a r l ie s t  p o ss ib le  d a te  b e ca u se  th e  o p t im u m  c o n 
d i t io n s  fo r  th e  la b o ra to ry  te s ts  a re  n e v e r  k n o w n  u n t i l  a  n u m b e r  o f  fligh ts 
h a v e  ta k e n  p la c e . E a rly  f lig h ts  a re  a lso  n ecessa ry  to  v e rify  th a t  n o  im p o r ta n t  
a sp e c t o f  th e  p ro b le m  h as b e e n  o v e r lo o k e d  in  th e  in i t ia l  p la n n in g .

T h e  te s t v e h ic le s  b e g in  w ith  th e  s im p le s t v e rs io n  o f  th e  u l t im a te  w e a p o n  
t h a t  c a n  p ro f i ta b ly  b e  flo w n  a n d  g r a d u a lly  p ro g re ss  to  a c o m p le te  system , 
w ith  n o  ra d ic a l  re d e s ig n s  a lo n g  th e  w ay. T h e  o n ly  v eh ic le s  p r im a r i ly  u se fu l 
fo r  re s e a rc h  a re  a  ro c k e t slecl fo r  te s t in g  o f  in e r t ia l  g u id a n c e  c o m p o n e n ts  a n d  
so m e  s im p le  v e h ic le s  fo r  o b ta in in g  f u n d a m e n ta l  d a ta  o n  th e  re -e n try  p ro b le m .

T o  e n s u re  th a t  th e  te s ts  p ro g re ss  r a p id ly , sp ec ia l e ffo rts  h a v e  b e e n  m a d e  
to  p ro v id e  a d e q u a te  fa c il i t ie s  fo r  te s t in g  in  th e  la b o ra to ry  a n d  in  flig h t. O f  
p a r t ic u la r  im p o r ta n c e  a re  th e  e la b o r a te  fa c il i t ie s  a n d  e q u ip m e n t  fo r  s ta tic  
f ir in g s  a n d  f lig h t tests t h a t  h a v e  b e e n  p r o v id e d  a t  v a r io u s  c e n te rs , e sp ec ia lly  
a t  th e  A ir  F o rce  M issile  T e s t  C e n te r ,  C a p e  C a n a v e ra l ,  F lo r id a .
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As is tru e  o f  m ost o th e r  m issiles, th e  U S A F  b a ll is t ic  m iss ile s  a re  e x p e n d a b le  
a n d  n o n re c o v e ra b le . S ince  th e  n o m in a l  ta rg e t  fo r  a te s t f lig h t is in  th e  o p e n  
o cean , p rec ise  lo c a tio n  o f  th e  im p a c t p o in t  is p o ss ib le  o n ly  w ith  sp ec ia l tech- 
n iq u e s . C o n se q u e n tly  e x te n s iv e  m o n i to r in g  e q u ip m e n t  is n ecessary  to  p ro - 
v id e  su ffic ien t d a ta  fo r  e ac h  flig h t to  ju s tify  th e  e x p e n s e  a n d  e ffo rt o f  th e  
firing .

T h e  flig h t m o n i to r in g  e q u ip m e n t  m ay  b e  d iv id e d  in to  tw o  classes: th e  
m iss ile -b o rn e  se n s in g  a n d  r a d io  te le m e te r in g  e q u ip m e n t ,  to g e th e r  w ith  th e  
necessary  g ro u n d -b a s e d  rec e iv e rs  a n d  re c o rd e rs ; a n d  th e  g ro u n d -b a s e d  r a d a r  
a n d  o p tic a l  tra c k in g  d ev ices  lo c a te d  a lo n g  th e  f ir in g  ra n g e . T h e  te le m e te r in g  
Systems r e s p o n d  to  v a r io u s  v o lta g e s  g e n e ra te d  w ith in  th e  in iss ile  a n d  tr a n s m it  
a  c o r re s p o n d in g  code  to  g r o u n d  rece iv e rs . T h e  v o lta g e s  m ay  b e  s ig n a ls  o f  
fu n c t io n a l  im p o r ta n c e  in  th em se lv e s  o r  m ay  b e  g e n e ra te d  by tr a n s d u c e rs  as 
m easu re s  o f  te m p e ra tu re s ,  e n g in e  g im b a l an g le s , v ib ra t io n s , a n d  so fo r th . A 
transducer is a  d e v ic e  th a t  is a c tu a te d  by e n e rg y  f ro m  o n e  sy ste m —in  th e  
p re s e n t  case m e c h a n ic a l o r  th e r m a l—a n d  th a t  s u p p lie s  e n e rg y  in  th e  sam e  o r  
d if fe re n t fo rm  to  a n o th e r  sy stem —h e re  e le c tr ic a l.

U n le ss  sp ec ia l te c h n iq u e s  a re  u sed , th e  in fo r m a t io n  o b ta in e d  by te le m e try  
a b o u t  th e  f u n c t io n in g  o f  th e  v a r io u s  system s in  th e  m iss ile  is o n ly  sem i- 
q u a n t i ta t iv e ;  i t  p ro v id e s  c lu e s  fo r  th e  d ia g n o s is  o f  m a lfu n c t io n s  b u t  d o es  n o t 
n ecessarily  p e rm it  p re c ise  e v a lu a t io n  o f  p e r fo rm a n c e . T h e  o p t ic a l  tr a c k in g  
d ev ices  p ro v id e  d a ta  o n  m iss ile  a t t i tu d e  as w e ll as o n  p o s it io n  a n d  v e lo c ity , 
b u t  m o st o f  th e m  o p e ra te  o n ly  a t  s h o r t  r a n g e  in  c o n tra s t  to  th e  r a d a rs . S om e 
o f  th e  tr a c k in g  e q u ip m e n t  wí 11 h a v e  p re c is io n  c o m p a ra b le  to  o r  b e t t e r  th a n  
th a t  o f  th e  g u id a n c e  system s, o r  a t  le a s t h a v e  e r ro rs  o f  so m e w h a t d if fe re n t 
o r ig in , so th a t  a  check  o n  th e  p re c is io n  o f  g u id a n c e  can  b e  m a d e .

A s w ith  m o st m issiles, th e  raw  d a ta  p ro v id e d  by  th e  te le m e try  a n d  th e  
t r a c k in g  d ev ices  w ill n o t  b e  in  th e  m o st s u i ta b le  fo rm  fo r  s tu d y . C o n s e q u e n t ly  
a n  e x te n s iv e  data reduction process is n ecessa ry  a f t e r  e ac h  flig h t. T h i s  p ro - 
cess, w h ich  co n sists  o f  th e  c o n v e rs io n  o f  th e  reco rd ec l d a ta  in to  m e a n in g fu l  
fo rm , su ch  as cu rv es  o r  ta b le s , w ill b e  c a r r ie d  o n  p a r t ly  a t  th e  Ia u n c h  site  
a n d  p a r tly  in  c o n tr a c to r s ’ la b o ra to r ie s .

Some Nonmilitary Advances

T h e effort expended in development of the ICBM will have benefits even 
when judged by peacetime standards. Significant advances in Science and 
engineering wfill result.

T lie  a d v a n c e s  in  sc ien ce  a re  p r im a r i ly  in  th o se  a re a s  th a t  a re  n e w  o r  
h av e  b eco m e  n ew ly  c r i t ic a i. F o r  th e  m o st p a r t  th ey  w ill r e m a in  o f  in te re s t  
w h e n  b a llis t ic  m issiles a re  n o  lo n g e r  n e e d e d  fo r  m ili ta ry  p u rp o se s . T h e  su p- 
p o r t in g  re sea rch  a n d  th e  te s t flig h ts  w ill c o n t r ib u te  t'> g eo d es ic  m e th o d s  
a n d  to  m o re  a c c u ra te  g eo d esic  d a ta .  A d v a n c e s  in  c e le s tia l m e c h a n ic s  h a v e
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b e e n  n ecessary , fo r  in s ta n c e , in  th e  th e o ry  o f  e l l ip t ic  t r a je c to r ie s  re la t iv e  to  
a n  o b la te  e a r th .  A lso  in  th e  g e n e ra l  c a te g o ry  o f  phy sics  o f  th e  a tm o s p h e re  
a n d  h y p e ra tm o s p h e re  a re  p ro b le m s  a sso c ia te d  w ith  io n  lay ers , p ro p e r t ie s  
o f  c lo u d s  (su c h  as o p t ic a l  o r  m ic ro w a v e  re f r a c t io n ) ,  f lam e a t t e n u a t io n  o f 
r a d io  s ig n a ls , a n d  th e  c h a ra c te r is tic s  o f a tm o s p h e r ic  a n d  m e te o r ic  d u s t. Ex- 
te n s iv e  in v e s tig a t io n s  h a v e  b e e n  m a d e  in  h y p e rso n ic s—th e  p h e n o m e n a  associ
a te d  w ith  m o tio n s  a t  sp ee d s  la rg e  by  c o m p a r is o n  w ith  th e  sp e e d  o f  s o u n d — 
in  r a d io  w ave  p r o p a g a t io n  th r o u g h  a  b o u n d a ry  la y e r  g e n e ra te d  by h y p er-  
so n ic  f lig h t, a n d  in  th e  p r o p e r t ie s  o f  m a te r ia is  u n d e r  e x tre m e  c o n d i t io n s  o f 
te m p e r a tu r e  a n d  p re ssu re . A d v a n c e s  h a v e  b e e n  m a d e  in  f lu id  d y n am ics , 
e sp e c ia lly  in  c o n n e c tio n  w ith  v o r te x  f o rm a tio n ,  a n d  in  c o n n e c tio n  w ith  com - 
b u s t io n  p h e n o m e n a  a n d  th e rm o d y n a m ic s , e sp e c ia lly  c o m b u s tio n  in s ta b il i ty , 
d is so c ia tio n  a n d  re a s s o c ia tio n , n u c le a te  b o i l in g , a n d  h e a t  tra n s fe r .

O f  n ecess ity  a d v a n c e s  a re  o c c u r r in g  in  e n g in e e r in g  a re a s  a lso , e sp ec ia lly  
in  c o n n e c t io n  w ith  ro c k e t p o w e r  p la n ts ,  s t ru c tu re s  (as in  d e s ig n s  to  re d u c e  
w e ig h t a n d  to  re d u c e  stresses o w in g  to  th e rm a l lo ad s), g u id a n c e , c o n tro l ,  a n d  
d e s ig n  o f  g r o u n d  e q u ip m e n t .  T h e  d e v e lo p m e n t  o f  u n m a n n e d  v e h ic le s  fo r  
th e  p u re ly  sc ie n tif ic  e x p lo r a t io n  o f  e x t r a te r r e s t r ia l ,  c i r c u m lu n a r ,  a n d  in te r-  
p la n e ta r y  re g io n s  w ill b e  a id e d  v e ry  m a te r ia l ly  b y  th e  w o rk  d o n e  in  b a ll is t ic  
m iss ile  p ro g ra m s . F o r  in s ta n c e , n o  lo n g e r  is i t  a  m a t te r  o f  p u r e  c o n je c tu re  
th a t  e v e n tu a l ly  w e m ay  b e  a b le  to  l a n d  in s t r u m e n ts  o n  th e  su rfa c e  o f  th e  
m o o n  c a p a b le  o f  t r a n s m it t in g  p h y s ic a l d a ta  b a c k  to  th e  e a r th  o v e r  a  p e r io d  
o f  m a n y  days.

S om e p ro g re ss  is b e ín g  m a d e  to o  o n  th e  p ro b le m s  o f  r e l ia b i l i ty  a n d  
o p e r a t io n a l  sa fe ty , tw o  a re a s  t h a t  a re  o f  p a r t ic u la r  im p o r ta n c e  in  r e la t io n  to  
a n y  f u tu r e  a t te m p ts  a t  sp ace  f lig h t. R e l ia b i l i ty  is a n  u n w ie ld y  e n g in e e r in g  
p r o b le m  w h e n  o n e  is d e a l in g  w ith  a d v a n c e d  d e sig n s . H o w e v e r  th e  e ffo rts  
m a d e  o n  th e  IC B M  to  m a k e  i t  a  p ra c t ic a l  a n d  e c o n o m ic a l w e a p o n  w ill d o  
m u c h  to  im p ro v e  o u r  a p p ro a c h e s  to  th e  r e l ia b i l i ty  p ro b le m  in  g e n e ra l .

Los Angeles, Califórnia



Command and Control 
o í Ballistic M issiles

Br ig a d ie r  Ge n e r a l  Ch a r l e s  M. Mc Co r k l e

D
URING the past year intensive eífort has been devoted to 
planning for the command and control of guided missiles. 
I would like briefly to point out some of the problems 

involved with this planning and to give a few personal thoughts 
on the likely evolution of command and control of ballistic mis

siles. By no means do I have all the answers. My primary purpose 
is to stimulate thinking on the subject.

It is significam that for the first time we are engaged in de- 
tailed operational planning for a weapon system that has not yet 
emerged from the development stage. There is no time to wait 
for the information we usually have when we plan for the intro- 
duction of a weapon into the air inventory. W ith very preliminary 
data we must begin to integrate ballistic missiles into the existing 
Air Force command and control structure, taking into account 
those unusual requirements stemming from the nature of the 
weapon.

Since command and control can mean different things to 
different people, perhaps it is necessary to establish a meaning 
for the purpose of this discussion. At the very least it must include 
general considerations of command channels, organizational 
structure, and the problems of operational control and coordina- 
tion. Effective control by the commander is absolutely necessary 
if the ballistic missile is to fulfill its dual function as a deterrent 
to war and as a devastating weapon if war comes.

In planning for effective control by a commander we can 
subdivide our task along several lines: defining objectives, pre- 
paring plans and programs, developing a suitable organization,
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establishing policies and procedures, placing into effect a system 
of reporting, allocating personnel, carefully training and orienting 
personnel, and adopting strict inspection procedures. It is espe- 
cially im portant for ballistic missiles that we establish a means of 
reserving to the commander final decision in all major under- 
takings.

We are making good progress in these tasks, but we have by 
no stretch of the imagination solved all the problems or fully 
explored all the ramifications these weapons bring to any consid- 
eration of command and control. Because there are still many 
decisions to be made, we must continue the same levei of effort 
that we are applying to the accelerated development programs. 
T he necessity for this approach was implicitly recognized when 
the responsibility for attaining the initial operational capability 
was assigned to the Air Research and Development Command 
along with its development responsibilities.

Differences and similarities
Even without a great deal of study it becomes apparent that 

we cannot treat the command and control of ballistic missiles as 
though we were simply integrating additional bombers into our 
forces. The special characteristics of the missiles bring about a 
new operational environment and unique operational problems. 
T he dispersed locations of the early units will pose problems of 
control that do not hamper the tightly knit operations of a com
pact air base. But I think that perhaps the most difficult problems 
we have to face are that the primary job of the ballistic missile 
organization is to stay ready year-in and year-out and that instead 
of “flying” most of the work will be “dry-running.”

Not everything is new, however. Some of the problems of 
integrating the ballistic missile into our forces will be quite similar 
to those encountered in replacing the B-36 with the B-52. W ith 
the passing of any weapon system certain skills are no longer re-
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quired and new ones must be developed. For years, in one vvay 
or another, we have been coping with tliis problcm. Nor should 
we have too much trouble with many of the normal housekeeping 
functions. Men of the ballistic missile wings will certainly eat 
and sleep much the same as the men in other organizations.

It is in the operational control and logistics areas that we 
find the need for substantial departures from established practices. 
Such characteristics as quick reaction time, the ability to strike 
an enemy within minutes after launch, the capacity for a high 
rate of fire, and relative invulnerability once in the air lend a new 
significance to the ballistic missile.

First let us consider the operational control problem. The 
nature of the weapon and its potential as an instrument of national 
policy dictate that the command and control structure be imme- 
diately and entirely responsive to the highest national authorities. 
The initial use of ballistic missiles will likely be closely controlled 
by the President, both personally and by means of instructions 
governing actions under various conditions. This circumstance 
places certain restrictions and requirements on the command and 
control of ballistic missiles that do not generally apply to other 
weapon systems. We must be very sure that we are being attacked 
before launching the retaliatory ballistic missiles. T he margin 
for errors in judgment or information is very narrow. It is with 
these ideas in mind that the general framework for command and 
control should be established.

Although ballistic missiles will bring new and powerful capa- 
bilities to the Air Force, I think it is necessary that we treat them 
as part of the family of long-range offensive weapons when con- 
sidering their application to warfare. This is necessary because 
for a long time to come it appears that an optim um  strategic 
force will have both manned aircraft and long-range missiles.

In order to gain maximum benefit from the several manned 
bombers and guided missiles the various elements must be em- 
ployed with careful regard to coordination of attack. W hile each 
weapon has its peculiar characteristics, there are many factors 
which they have in common. They all have long range; they have 
heavy warheads for destroying large or hard targets; their design 
is such that they shoulcl be used in strikes at the heart of enemy 
strength rather than at his minor defenses; for best effect they 
must be employed in large numbers; they require central plan- 
ning; and the target examination, evaluation, and assignment 
process is one that must be centrally and closely controlled.

Tliese features indicate that, while ballistic missiles should
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have close attention by the highest national authorities, there is 
nothing which should preclude the use of the existing command 
and control structure of the Strategic Air Command. The princi
pie of central control of all strategic systems remains valid. I think 
it is absolutely necessary that all uses of large nuclear weapons, 
except in the missions of air defense and close support of the sur- 
face battle, be coordinated by a central agency. Therefore I 
believe that the decisions which have been made assigning the 
ICBM and the land-based IRBM to SAC are wise.

Complications
It is then necessary to examine the structure of ballistic mis- 

sile command and control in light of two very fundamental ideas: 
first, close control by the highest national authorities and, second, 
incorporation of the weapon into the existing strategic air power 
command and control structure. After consideration of such fac- 
tors as the effect of specific employment aspects, physical aspects, 
and support characteristics, it should be possible to determine just 
how much the existing strategic command and control must be 
modified.

As opposed to the general considerations mentioned pre- 
viously, it is necessary to consider certain aspects in some detail. 
For example, when would ballistic missiles be used—only after an 
actual attack, or at some other unmistakable sign of aggression? 
This is not a decision which the military can or should make. It is 
a decision which should be made only at the highest levei of gov- 
ernment. Even though the military is not directly responsible for 
the answer to this question, I offer it as food for thought because 
we are directly concerned with the answer. In our basic planning 
for command and control we must build in sufficient flexibility to 
be able to accept various orders. For example, even if our first 
warning is the observance of hypersonic blips on Dewline radar - 
scopes, we must be able immediately to launch a counterattack if 
our órders so dictate.

Since a very obvious advantage of ballistic missiles is their 
quick reaction time, we must take every precaution to protect our 
missile sites from crippling damage or destruction. There are two 
obvious courses we can follow here. T he first possibility is to 
harden the sites so that any nuclear burst other than a direct hit 
would do relatively little damage. T he cost of such a program 
runs into very high figures. T he other approach is to provide 
protection by dispersai of our sites over wide areas. Although this
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is a cheaper method, it complicates the problems of organization, 
Communications, and logistics. Initially  we may depend upon 
dispersion to afford us the assurance that we will have a force-in- 
being at an early date. But there is no doubt that we m ust also 
eventually harden our bases to some degree.

The target complexes assigned to the early ballistic missiles 
must be compatible with their capability. Industrial complexes 
or large military concentrations are representative of the type of 
targets that can be most profitably attacked by our early ballistic 
weapons.

Another complex problem with which we are confronted is 
that we are unable to divert the ballistic missile after a very short 
time in the air; and of course the missile, once launched, cannot 
be recalled. This means, then, that we must have a very tight 
command structure that does not allow any mistakes. We are deal- 
ing here with decisions to be made in minutes rather than hours 
or days. We must balance the need to react quickly with the 
equally important need for a system of checks and balances which 
will prevent premature or accidental firings. O ur command and 
control structure must be devised so as to make it immune to 
unauthorized firings—such as might be accomplished by saboteurs.

Several other physical aspects of the missile are im portant 
to a consideration of command and control. The inability of the 
missile to tell us what it did after being launched presents a 
problem. Based upon launch reports, radar track reports, and 
any other information he can lay hands on, the ballistic missile 
commander must decide whether enough missiles have been sent 
against any particular target. This points to the need for concur- 
rent work in reconnaissance systems that will help tell us what the 
enemy is up to and what our missiles and aircraft are doing to him. 
Information of this kind will permit us to make much better use 
of a mixed force. For example, we might want to send several 
ballistic missiles against a target, knowing that the chances were 
against a good hit. But we might do it anyway in an effort to avoid 
high risks to oui bombers. Yet without some kind of intelligence 
as to what happened to the missiles we would not be in a very good 
position to make a decision as to whether to follow up with bomb
ers against that particular target.

Closely related to this problem is the difficulty of shifting the 
missile aiming point to any of a large num ber of targets. This 
creates the need for more detailed planning than is required for 
the manned bomber. Sequencing arrangements must be worked 
out well in advance to cover numerous operational situations.



A matter of logistics
Earlier I mentioned that in the logistics area we should expect 

to find the need for substantial departure from established prac- 
tices. Since only a very small part of the workload of ballistic 
missile organizations will be “flying” and the greatest share will be 
keeping ready, command and control must reflect this situation.
I think it is apparent that logistics will be more important to 
ballistic missiles than to manned aircraft. T he aircraft can usually 
absorb a large num ber of malfunctions and still complete its 
mission or return home. Not so with the missile. We must begin 
to exploit all the newest techniques and methods developed in 
the field of logistics. For example, the use of electronic data- 
processing equipments and methods seems to have great potential 
for coping with the complex problems of supplying and main- 
taining ballistic missiles. This system should give the commander 
a much firmer control over his logistics than lie has had in the past.

Com m unications requirem ents will be of far greater impor- 
tance and larger m agnitude than any system we have today. T he 
Communications system must be capable of handling a vast flow 
of inform ation in a very short time. It m ust react instantaneously 
and transm it orders from one side of the country to the other 
in a m atter of seconds. In addition there m ust be a backup 
system depending upon another entirely different means of com- 
m unication. We may even need a backup for the backup. All of 
these systems m ust be com pletely tam perproof to prevent un- 
authorized orders p recip itating  a nuclear war. W ithou t assurance 
of an effective and rap id  Communications system, any talk of a 
quick-reaction weapon system loses a great deal of its meaning. 
And still we must be prepared to act under prearranged orders in 
the event Communications are knocked ou t in spite of all our 
precautions. In  effect, we m ust have a completely foolproof Com
m unications system.

The actual sites chosen for the ballistic missile launch areas 
will have a serious effect on the command and control structure. 
It is reasonable to assume that Strategic Air Command strike bases 
would be a prime target of Soviet attack. We cannot afford to site 
our ballistic missiles on or very near these particular bases. But 
because of tremendous logistics problems we cannot afford to place 
them in a wilderness. For this reason and for economy considera- 
tions we must compromise and site ballistic missiles near enough 
to existing military bases so that logistic support is comparatively 
easy, but still far enough away so that an attack aimed at the base 
will not destroy the missile launch area.
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I have mentioned earlier the problem of m aintaining an alert 
status month after month, year after year. It is worthy of special 
note that the ballistic missile commander will encounter some 
fairly difficult personnel problems as a result of this type of opera- 
tion. Keeping skilled men and m aintaining morale in the face 
of boredom will require exceptionally qualified commanders. Cap- 
turing and developing the elusive esprit de corps will be one of 
their most important jobs.

Command and control structure
Now that I have touched on some of the major factors that 

will affect the command and control of ballistic inissiles, I think it 
appropriate to consider how our command and control structure 
could be formulated. T o get a clearer picture of what the organi- 
zation of our ballistic missile structure should be, I want to make 
a few necessary assumptions:

T hat we can develop and produce the necessary Com
munications net for the use of Strategic Air Command.

T hat the President only will be authorized to direct an 
attack, either directly or by standing order.

T hat the missile sites will be widely dispersed.
T hat the personnel and logistics problems can be solved.
T hat targets will be assigned.

So far nothing has developed which demands that we throw 
out the conventional organizational plan of air forces: air divi- 
sions, wings, groups, and squadrons. Perhaps it will be necessary 
to make some revisions in nomenclature, but in the main I think 
the organizational theory will still apply. Initially I visualize a 
ballistic missile air division consisting of wings, each with several 
squadrons. As additional inissiles are phased into the inventory, 
additional wings could be activated. W hen the quantities of ballis
tic missiles are sufficient, the entire ballistic missile organization 
could be placed under the commander of a numbered air force 
whose sole mission would be the control of ballistic missiles. This 
concept differs somewhat from the concept that intercontinental 
air-breathing missiles should be integrated under the same com
mander who commands manned aircraft.

There are proponents of this latter concept who would extend 
it to include ballistic missiles. Under this proposal a certain num- 
ber of ballistic missiles would be assigned to each num bered air 
force of the Strategic Air Command. T heir belief is that integra-
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tion of these missiles will bring familiarity throughout the Air 
Force with these new weapons and the transition period will be 
covered more easily. My own view is that the ballistic missile is 
so different from other strategic systems in its operational char- 
acteristics that it must have special treatment. This can be offered 
best by a separate controlling organization.

One im portant aspect is that operational control of actual 
directions for launching must be placed high in the chain of com- 
mand. If we are to use effectively the short reaction times being 
developed into the system we cannot possibly depend upon a 
system of relaying commands to numerous points in the organiza- 
tional structure. This becomes even more apparent when we 
consider the problem of coordinating attacks of other weapons.

One exception to establishing ballistic missiles under separate 
Air Force commands could be the IRBM. It does appear reason- 
able to place the overseas elements of this missile under the com- 
mand of the local Strategic Air Command num bered air force.

Tim ing
Both for the ICBM and the IRBM  we must remember that 

the manned system and the air-breathing missile system have a 
longer time of flight to the target area. We must assure ourselves 
of close coordination between attacks by these forces, with their 
various characteristics, so that we avoid the possibility of destroy- 
ing part of our own attacking forces. We must be careful to en- 
sure coordination of attack so that our first wave of supersonic, 
intercontinental cruise missiles is not destroyed by the explosions 
of subsequent launchings of intercontinental ballistic missiles. 
We must bear in mind that the principie of coordination of at
tack applies nowhere more completely than in air warfare involv- 
ing strategic weapon systems. We will have to develop means of 
concentrating our attacks on the various target complexes with 
m inim um  danger to the ensuing attacks. I do not visualize one 
single attack but a series of hammering attacks throughout the 
first several hours of the war.

A possible solution to the time schedule for this problem is 
to launch intercontinental ballistic missiles against targets deep 
in enemy territory. After a few hours the ballistic missile attack 
would cease, leaving a short period for the initial wave of super
sonic cruise missiles to make their penetration to their assigned 
targets. These missiles would be followed by supersonic manned 
aircraft, hitting targets of shorter range or flying through corridors
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between atomic clouds. Following these supersonic manned air- 
craft would be the remaining portion of our force: the subsonic 
manned aircraft and subsonic missiles.

After the last wave of subsonic aircraft has departed for their 
bases the ballistic missile attack would commence anew, to be 
followed by the second wave of supersonic missiles and so on until 
our entire weight of attack has been laid down.

In summary, these are the elements we must have in an effec- 
tive command and control structure for ballistic missiles:

• A safe, dependable, and rapid Communications system.
• A time-phased plan for the use of ballistic missiles in con- 

junction with other weapons.
• A tight, well-knit command structure running from the 

highest national authorities to the launch position.
• A well-trained, dedicated nucleus of personnel upon whom 

the effectiveness of the launch operation will depend.
• A logistics system which is entirely rsponsive to the strin- 

gent demands of the weapon system.
• An effective means of m aintaining esprit de corps in the 

missile organization.
Our problems are difficult but not insurmountable. Many 

of the problems we faced a year ago have been solved. No matter 
how they are finally settled, it is clear that the ballistic missile is 
arriving fast, that it is a potent weapon, and that it is here to stay. 
In the command and control function it will demand of our 
leaders and planners imagination, objectivity, and a freedom from 
preconceived ideas that can only be compared with the demands 
made upon military men when they first became the possessors of 
our old friend the airplane.

Headquarters United States Air Force
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L i e u t e n a n t  C o l o n e l  W i l l i a m  L .  A n d e r s o n

A
L L  T H E  Is ra e l i te  ju d g e s  w e re  in s t r u c te d  by M oses to  d e c id e  th e  sm all 

m a tte r s , sa v in g  o n ly  th e  h a r d  causes fo r  th e  p r o p h e t .  I n  th e  law  th is  
g r e a t  o rg a n iz a tio n a l  p r in c ip ie  su rv iv e s  to  th is  d ay . D e sp ite  its  d u ra -  

b i l i ty  th is  a n c ie n t  p re c e p t  m ay  b e  o f  l i t t l e  use in  b a ll is t ic  m iss ile  o rg an iza - 
tio n s . B a llis tic  m iss ile  le a d e r s h ip  is c h a ra c te r iz e d  by th e  d e m a n d  fo r  p r o m p t  
d e c is io n -m a k in g  a t  a ll leve is . T h e  c o m m a n d e r  o f  a  m iss ile  c o m p le x  w ith  h is  
m ig h ty  r e s p o n s ib i l i t ie s  o r  th e  a n te n n a  sp e c ia lis t  in  h is n a r ro w  a re a  m u s t face 
th is  c h a l le n g e , e ac h  in  h is  o w n  w ay. T h i s  c o n c lu s io n  c ap s  a ll o u r  b a llis tic  
m iss ile  o rg a n iz a t io n a l  s tu d ie s  to  d a te . I t  p ro m ise s  to  b e  a r e l ia b le  ru le  fo r  th e  
fu tu re .

W h e n  th e  A ir  F o rc e  B a llis tic  M iss ile  D iv is io n  b e g a n  o p e r a t io n a l  p lan - 
n in g  c o n c u r re n t ly  w ith  b a ll is t ic  re s e a rc h  a n d  d e v e lo p m e n t  a c tiv itie s , a ll  th e  
u s u a l  w e a p o n  system  b u i ld in g  b lo ck s  w e re  m iss in g . T h e r e  w as n e i th e r  m an - 
p o w e r  n o r  p e r s o n n e l  in fo r m a t io n .  O r g a n iz a t io n a l  d a ta  w as n o n e x is te n t .  
H e n c e  th is  p r o je c t  w as a t  o n c e  a  te s t o f  a n d  a s t im u lu s  to  e x is t in g  w e a p o n  
sy stem  p ro c e d u re s . A s w ith  m a n y  n e w  w e a p o n s , th e re  w as a  te n d e n c y  to  
o v e re m p h a s iz e  th e  c o m p le x ity  o f  th e  sy stem , to  e x a g g e ra te  th e  d ifficu lty  o f 
t r a in in g ,  a n d  to  su sp e c t th e  a d e q u a c y  o f  th e  p e r s o n n e l  Id e n tif ic a tio n  system . 
F o r  th e  m o st p a r t  th ese  d iff icu ltie s  h a v e  n o t  m a te r ia l iz e d . I n  fac t th e  a d a p ta -  
b i l i ty  o f  e x is t in g  m a n p o w e r  a n d  p e r s o n n e l  s ta ff p ro c e d u re s  h as b e e n  a re a l 
asse t.

D e v e lo p in g  o p e r a t io n a l  c r i te r ia  w h e n  a  w e a p o n  is s till in  th e  ru d im e n ta ry  
re s e a rc h  a n d  d e v e lo p m e n t  s tag es  in v o lv e s  th e  p l a n n e r  in  a s tru g g le  to  o b ta in  
basic  in fo r m a t io n .  In  th is  se a rc h  w e h a v e  b e e n  g re a tly  a ss is ted  by th e  T e c h -  
n ic a l T r a i n i n g  A ir  F o rce  o f  th e  A ir  T r a i n i n g  C o m m a n d . T h e  T T A F  tra in -  
in g - r e q u ire m e n ts  sp ec ia lis ts  h a v e  sh o w n  a d m ira b le  p ro fe s s io n a lis m  in  s u p p o r t-  
in g  B M D  p la n n in g .  I n  f u tu r e  p ro je c ts  o f  th is  ty p e  it  w ill se rv e  th e  re sp o n - 
s ib le  a g e n c y  w e ll to  c o n s u lt  w ith  th e  A ir  T r a i n i n g  C o m m a n d  a t  th e  o u tse t.

Role of Air Force Personnel and Training Research
As h as b e e n  m e n t io n e d , o p e r a t io n a l  b u i ld in g  b lo ck s h a v e  b e e n  th e  scarce 

a r t ic le .  T h e  d ifficu lty  h e re  c a n n o t  b e  o v e re s tim a te d . T h e  c o n tra c to r s  a re  o f 
c o u rse  th e  so u rc e s  o f  su ch  d a ta  as m ay  b e  a v a i la b le . B u t c o n v e rs io n  a n d  
e v a lu a t io n  o f  c o n tr a c to r  in fo r m a t io n  r e q u ir e  tim e  a n d  e x p e r ie n c e . H e n c e  
e a r ly  in  th e  p ro g ra m  w e tu r n e d  fo r  a ss is ta n c e  to  th e  A ir  F o rce  P e rso n n e l a n d
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T r a i n in g  R esea rch  C e n te r  (A F P T R C ) . T h is  h as  p ro v e d  p ro f i ta b le .  By 
tim e ly  e m p lo y m e n t o f  q u a l i ta t iv e  p e r s o n n e l In fo rm a tio n  (Q P I)  r e p o r t in g  
p ro c e d u re s , we hav e  e n jo y e d  th e  use o f e x c e lle n t  d a ta  re f le c tin g  jo b  fu n c tio n s , 
a n d  sp ec ify in g  t r a in in g  d e p th  a n d  e q u ip m e n t .

T o  p ro v id e  q u a l i ta t iv e  p e r s o n n e l  in fo r m a t io n  fo r  o u r  sc h e d u le s , A F P 
T R C  has a d ire c t  w o rk in g  r e la t io n s h ip  w ith  th e  w e a p o n  system  c o n tra c to rs .

Initial Forecast of Job Functions for Atlas System

A G o '^ °nCe
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required for lyitem  operotion.
Connecting linei ihow  coordination ond 

command wilhm »he lyitem, by ik i l l .



80 AI R  U N I V E R S IT Y  Q U A R T E R L Y  R E V IE W

T h is  a llo w s th e  free s t flow  o f  in f o r m a t io n  v ia  A F P T R C  to  th e  B a llis tic  M is- 
sile  D iv is io n . P r io r  to  o u r  r e c e ip t  o f  jo b  fu n c t io n  a n d  a n c i lla ry  d a ta , con- 
v e rs io n  a n d  e d i t in g  a re  a c c o m p lish e d  by A F P T R C . T h e  Q P I  has b eco m e  a 
p r in c ip a l  o p e r a t io n a l  b u i ld in g  b lo ck , th e  so u rc e  fo r  m u c h  o rg a n iz a t io n a l  a n d  
m a n p o w e r  p la n s .

A n  e x a m p le  o f th e  Q P I  a p p l ic a t io n  is sh o w n  in  th e  fo re g o in g  c h a r t. 
T h i s  is a n  e a r ly  i l lu s t r a t io n  o f  th e  A tla s  (SM -65) c rew  re q u ir e m e n ts .  N o te  
th e  a r r a n g e m e n t  o f  c rew  m e m b e rs  w ith  re s p e c t to  e q u ip m e n t  a n d  th e  re- 
s u l t a n t  o rg a n iz a t io n a l  log ic . T h e  u se  o f  th is  p r e l im in a r y  in fo rm a t io n ,  w ith  
o c c a s io n a l rev is io n s , h a s  f a c i l i ta te d  o p e r a t io n a l  p l a n n in g  o f g o o d  q u a li ty . O u r  
e x p e r ie n c e  a lso  te a ch e s  th a t  o p e r a t io n a l  p l a n n in g  is u su a lly  u p w a r d —th e  
s m a l le r  q u e s t io n s  te n d  to  a n s w e r  th e  la rg e r . I n  s h o r t  w e h a v e  f o u n d  A F P T R C  
o u r  b e s t so u rc e  fo r  th e  p ro v is io n  o f  sp e c ia liz e d  s u p p o r t  in  th e  p e r s o n n e l  fie ld .

D u r in g  th e  sev e ra l y ea rs  o f  th is  p ro je c t  a  c h a ra c te r is t ic  p a t t e r n  fo r  crew  
m a n p o w e r  r e q u ir e m e n ts  h a s  e v o lv e d  f ro m  th e  Q P I  series. T h is  p a t te r n ,  
sh o w n  in  th e  fo llo w in g  c h a r t ,  s h o u ld  b e  o f  in te re s t  to  f u tu r e  w e a p o n  system  
g ro u p s . T h e  fo re c a s t c rew  r e q u i r e m e n t  c o n t in u e s  to  g ro w  d u r in g  th e  first 
tw o  y ears  o f  th e  p ro je c t . T h i s  is d u e  to  a d d i t io n a l  id e n t if ic a t io n  o f  system  
c o m p o n e n ts .  T h i s  g ro w th  p e r io d  m ay  b e  r e g a r d e d  as a t im e  fo r  m a tc h in g  
m e n  a g a in s t  m a c h in e s . F o r  th e  f u tu r e  a  s h r in k a g e  o f  r e q u ir e m e n ts  is fo re 
cas t as th e  sy stem  e n g in e e rs , h a v in g  d e s ig n e d  th e  b a s ic  p a r ts , tu r n  to  in te g ra -  
t io n  a n d  a u to m a tio n .

Human Performance Factors
T h e  c o m b in a t io n  o f  r e q u ir e m e n ts  fo r  s h o r t  re a d in e s s  t im e  a n d  h ig h  

r e l ia b i l i ty  e m p h as iz e s  a  d im e n s io n  o f  h u m a n  p e r fo rm a n c e  in  b a ll is t ic  system s. 
T h e s e  tw o  m e a su re s  h a v e  o f  c o u rse  a lw ay s e x is te d  w ith  o th e r  w e a p o n s . F o r  
b a l l is t ic  m iss ile s  th ey  w ill b e  in d iv is ib le .  I t  h a s  b e e n  sa id  th a t  r e l ia b i l i ty  is 
th e  le a d in g  t r a i t  o f  th e  g o o d  a ir m a n . T h e  b a ll is t ic  e n v ir o n m e n t  p re sag es  an  
e q u a l i ty  o f  t im e  a n d  r e l ia b i l i ty .  T h e  m iss ile  c o u n td o w n  is r e p le te  w ith  tim ed - 
p e r fo rm a n c e  d e m a n d s . N a tu r a l ly  th e  v a r io u s  c rew  m e m b e rs  a re  in te rd e -  
p e n d e n t .  T h e  k n o w le d g e  o f  h o w  to  d o  th e  jo b , to g e th e r  w ith  tim e ly  a n d  re- 
l ia b le  p e r fo rm a n c e , m a rk s  th e  su ccessfu l c re w m a n . T h e r e  m ay  b e  l i t t l e  op -

L ieu tenan t Colonel W illiam  L. A nderson, V irgínia Polytechnic In stitu te , Í9 D eputy 
D irec to r o f Personnel, ls t  Missile D ivision. He served briefly in the Army before 
g rad u a ting  from  flying school in 1944 and  served a year in the China-Burm a-India 
thea ter. A fter the  w ar he was a base ad ju ta n t and operations officer. Much of hi» 
Iater duty  has been in personnel work. In  1949-50 he was Chief, M ilitary Train- 
ing D ivision, H q Air T ra in ing  Com niand, responsib le fo r staff a tten tion  to the 
basic m ilitary  tra in ing  centers and  the Officer C andidate School. In 1951-53 he 
was an  assistan t executive officer to the Assistant Secretary of the Air Force, 
a f te r which he was in the D irectorate of M anpower and O rganization, I lq  USAF.



Foreeast of Atlas Crew Requirements
D erived  fro m  Q P R  In fo rm a tio n

p o r tu n ity  to  ch eck  in d iv id u a l  p e r fo rm a n c e  w h e n  th e  se r io u s  g a m e  is b e in g  
p lay ed .

T h e  t im e d -p e rfo rm a n c e  d e m a n d  is a b e t te d  by a se c o n d  m a jo r  in f lu e n te . 
T h is  is s ta n d a rd iz a t io n . N o t o n ly  m u s t s t a n d a r d  c rew  o p e r a t io n a l  p ro c e d u re s  
be e s ta b lish e d , b u t th e i r  r ig id  im p le m e n ta t io n  is e s se n tia l . W ith  a c rew  
severa l tim es  as la rg e  as th e  la rg e s t b o m b in g  c rew , w e c a n n o t  h o p e  to  m a in -  
ta in  to ta l  c rew  in te g r ity . T h e  a b il i ty  to  re p la c e  a c rew  m e m b e r  o n  s h o r t  no- 
tice  d e p e n d s  la rg e ly  o n  s ta n d a r d iz a t io n .  T h is  c o n c lu s io n  h as a lso  b e e n  re- 
p o r te d  as a p r in c ip a l  o p e r a t io n s  r u le  fro m  a ir -b re a th in g  m iss ile  system s. 
T h e r e  a re  o th e r  forces o f  s ta n d a r d iz a t io n .  T h e  la u n c h  officer w ill h n d  h is  
ex erc ise  o f  in g e n u itv  la rg e ly  re s tr ic te d . T h e  ta rg e t  is p re se le c tc d . W e a th e r  
is n o  lo n g e r  a m a jo r  fa c to r . VVhere o n c e  m ili ta ry  le a d e rs  im p le m e n te d  b a t t le  
d o c tr in e  ev en  a t sm all u n i t  levei by  v a ry in g  th e i r  te c h n iq u e s , th e re  is n o  rc- 
q u i r e m e n t  f o r  th is  in  b a ll is t ic  system s. A ll th is  w ill m e a n  a loss o f th e  cus- 
to m a ry  in ce n tiv e s . T h e  m iss ile m a n  w ill be  a s tu d e n t  o f  s ta n d a r d  m e th o d o lo g y . 
T h e  h ig h ly  in d iv id u a lis t ic  p e rs o n a li ty , c a p a b le  b u t  u n o r th o d o x ,  loses h is  
sp ec ia l v a lu e  in  th is  r ig id  s i tu a t io n .  T h e r e  is a n ew  m a rk e t  fo r  th e  c o m p a t ib le  
p e rso n , c a p a b le  o f  a c c e p tin g  th e  m o st u n ifo rm  b e h a v io r  p a t t e r n .

M o n o to n y  sh o u ld  f lo u r ish  in  th is  a tm o s p h e re . In d e e d  w e e x p e c t m o- 
n o to n y  to  in c rea se  d ire c t ly  w ith  th e  g ro w th  o f  s ta n d a r d iz a t io n .  C rew  m o-



Typical O fficer and Airman Job Descriptions 
in Ballistic Missile Unifc

Launch Operations and Contro! 
O fficer—AFSC 3265

G enera l Features:
A lth ou g h  the  im portance o f the  check
ou t ope ra tion s  requ ired  to  hold the  
missiles a t th e ir  States o f readiness can- 
not be den ied , the  o pe ra tions  which 
must take  p lace a t the  launch site dur- 
ing fin a l countdow n can be judged  as 
more c ritica i to  mission success than  
those w hich take  p lace  a t o the r times. 
The c ritica i na ture  o f the f in a l count
dow n o pe ra tions  is associated w ith  the 
fo llo w in g : (1) the pressure o f tim e  on 
a ll persons w ho have functions to  per- 
fo rm  d u rin g  th is p e rio d , (2) the  lack 
o f o p p o rtu n ity  to co rrect m a lfunctions 
and the  associated requ irem en t fo r  
decisions as to  w he ther to  o ve rrid e  o r 
a b o rt the mission, (3) the hazards 
genera ted  by the fu e lin g  o pe ra tions  
w hich ta ke  place a t th is  tim e.

Duties and Tasks:
1. Prepares fo r  a launch ing  and 

opera tes M aster O p e ra tio n s  Console 
d u rin g  an acfua l o r  s im u lated  f in a l 
coun tdow n.

1.1 Receives launch ing  instructions 
from  a h ig h e r headquarte rs .

1.2 Instructs g u idance  s ta tion  o f 
launch requ irem ent.

1.3 C oord ina tes  ong o ing  m ainte- 
nance and servicing activ ities  
w ith  launch requ irem en t.

1.4 In itia tes  a f in a l coun tdow n by 
instructing  b lockhouse person- 
nel to  perfo rm  the  checks.

1.5 M on ito rs  and eva lua tes the  
status o f subsystem checkout, 
fu e lin g , and f ir in g  sequence.

Guidance System Specialist 
(IGS)-AFSC 31450

G ene ra l Features:
The g u idance  system com ponents a re  
checked o u t a t the  launch site on a

go no-go basis using the  countdow n 
co n tro lle r equ ipm ent.
Fie receives techn ical assistance and 
d irec tion  from  the  G u idance System 
A na lys t in p e rfo rm ing  his duties d u rin g  
checkout and countdow n. W hen per
fo rm in g  w o rk  a t the  missile he is 
assisted by the  Launch Site M issile and 
Launcher M echanic.

Duties and Tasks:
1. Perform s o pe ra tions  necessary to 

b ring  a new missile to  the  re a d i
ness co nd itio n .

1.1 Inspects the a irb o rn e  com
ponents fo r  signs o f dam age 
and checks ins ta ila tio n  o f 
equ ipm ent in the  missile.

1.2 O pera tes countdow n co n tro lle r 
console to  accomplish the nec
essary steps to  b ring  the 
gu idance  system to  the  p o in t 
o f irre v e rs ib ility .

2. Perform s unscheduled and pe riod ic  
m aintenance o f the  g round  e qu ip 
ment and a irb o rn e  system.

Launch Site Propellant Handling 
and Storage Specialist— 

AFSC 64350

G enera l Features:
The functions o f th is incum bent a re  
p r in c ip a lly  those o f o p e ra tin g  and 
m a in ta in in g  p ro p e lla n t tran s fe r e qu ip 
ment.

Duties and Tasks:
1. O pera tes p ro p e lla n t tran s fe r e qu ip 

ment d u rin g  countdow n o r simu
la ted  countdow n.

1.1 Defuels missile a t the d irec
tio n  o f the  o p e ra to r o f the 
M aster O pera tions  Console o r  
the  Launch Site O pera tions  
and C on tro l O ffice r.

2. Performs m aintenance and servicing 
functions o f p ro p e lla n t trans fe r 
equ ipm ent.
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n o to n y  is r e g a rd e d  as a n  o m in o u s  th r e a t  to  sy stem  p e r fo rm a n c e . T o  c o u n te r  
th is, th e  c o m m a n d e r  w ill seek  e ffec tiv e  m o tiv a t io n . B u t how ? F ir s t  by c rew  
exercises, u s in g  o p e ra t io n a l  e q u ip m e n t  to g e th e r  w ith  s im u la t io n  g e a r . T h e  
crew  m u s t b e  k e p t busy. P ro b le m s  o f  e v e ry  d e s c r ip t io n  m u s t b e  fed  in to  th e  
system . C rew s a t  r a n d o m  m u s t b e  u n e x p e c te d ly  c a l le d  to  b r in g  a  m issile  
fro m  som e lesser d e g ree  o f  re a d in e s s  d o w n  to  f ir in g  c o n d i t io n .  I n  so m e e x e r 
cises h o id -d o w n  firings o f  s h o r t  d u r a t io n  m ay  b e  sp ec ified . T h e s e  a le r ts  m u s t 
be flashed  a t  a li h o u rs , e v e n  d u r in g  c rew  c h an g e s . S u rp r is e  is a n  e s se n tia l 
c h a ra c te r is tic  o f  th e  m o tiv a t io n  e ffo rt. A c tu a l  la u n c h  o f  o b so le sc e n t m issiles 
in  a p p r o p r ia te  c irc u m sta n c e s  w ill b e  th e  o c c a s io n a l c u lm in a t io n  o f  m o tiv a 
t io n  exercises.

A  se c o n d  m o tiv a t io n  is to  c re a te  a s p i r i t  o f  c rew  e x c e lle n c e . T h e  c rew  
m u st be  b ro u g h t  to  rea liz e  th a t  i t  is a  fo re m o s t e le m e n t  o f  th e  d e fe n se  s tru c - 
tu re , th a t  th e  f u n c t io n in g  o f  th e  c rew  is o f  s u p re m e  im p o r ta n c e . C o n s id e r in g  
th e  p ro b a b le  c o n d i t io n s  o f  c rew  Service a n d  th e  i r r e g u la r  d u ty  h o u rs , th e  
c re a tio n  o f th is  s p ir i t  is a  h a r s h  c h a l le n g e  to  le a d e r s h ip .  N o  s te r n e r  te s t o f  
c o m m a n d e rs  is fo reseen .

T h e  b a ll is t ic  c o m m a n d e r , u n l ik e  a  c o n v e n t io n a l  w e a p o n  c o m m a n d e r , h as  
severa l crew s fo r  e ach  m iss ile  c o m p le x . T h i s  is o c c a s io n e d  by a n  e a r l ie r  A ir  
Staff d e c is io n  to  p re se rv e  in  b a ll is t ic  System s th e  n o rm a l  n u m b e r  o f  w o rk  h o u rs  
p e r  day . T h i s  n o rm a lc y  fo r  c rew  w o rk -sc h e d u le s  p ro m ise s  to  fo re s ta ll  m a jo r  
m o tiv a t io n  p ro b le m s . I t  is r e g a rd e d  as a  g re a t  im p ro v e m e n t  o v e r  th e  “ 30 
days o n —30 d ay s off” sch e m es p re v io u s ly  su g g e s te d  in  so m e q u a r te r s .  S om e 
h o p e  is ev en  h e ld  th a t  th is  n o rm a l c rew  sh if t  w ill im p ro v e  th e  b le a k  p ro s p e c t 
in  p e r s o n n e l tu rn o v e r .  I t  is in te r e s t in g  to  n o te  th a t  th o se  officers m o st lik e ly  
to  rece iv e  c rew  a ss ig n m e n ts  h a v e  b e e n  th e  le a d in g  p r o p o n e n ts  o f a n  e ig h t-  
h o u r  c rew  sh if t.

A n  e ig h t-h o u r  d ay  a n d  a  sen se  o f  im p o r ta n c e  d o  n o t  a n sw e r  a ll th e  com- 
m a n d e r ’s n eed s . H e  m u s t h a v e  a n  a d e q u a te  p h y s ic a l p l a n t  to  d o  th e  fu ll  jo b  
o f  m o tiv a t io n . H e  n e e d s  g o o d  b a r ra c k s  a n d  g o o d  q u a r te r s .  T h e  lev e i o f  in- 
te ll ig e n c e  r e q u ir e d  fo r  e ffec tiv e  c rew  m e m b e rs  is o n e  th a t  w ill in s t in c t iv e ly  
e x p e c t a d e q u a te  liv in g  c o n d it io n s . B a llis tic  m issile s a re  n o t  to  b e  lo c a te d  
w ith in  easy c o m m u tin g  d is ta n c e  o f  a p le a s a n t  c ity . S a v in g  d e fe n s e  m o n e y  
by ig n o r in g  th e  r e q u ir e m e n t  fo r  p e r s o n a l  a c c o m m o d a tio n s  s im p ly  w ill n o t  
w ork  in  th is  case. l f  w e d o  n o t  s p e n d  th e  m o n e y  fo r  q u a r te r s  a n d  b a r ra c k s , 
we w ill sp e n d  i t  a g a in  a n d  a g a in  in  p e r s o n n e l  tu r n o v e r —a co st th a t  few  
p r iv a te  e n te rp r is e s  c o u ld  lo n g  e n d u r e .

Organization and Internai Communications
W h e n  o n e  lo oks a t  th e  p l a n n e d  b a ll is t ic  m iss ile  o rg a n iz a t io n ,  o n e  can  

see a la y e rin g  o f in te g ra te d  in te re s ts . T r u e  o rg a n iz a t io n a l  u n i ty  o f  a c t io n  is 
d e m a n d e d  by th e  in te rd e p e n d e n c e  b e tw e e n  jo b  s ite  c e n te rs . T o  a c h ie v e  th is  
u n ity  o f  e ffo rt, i t  has n o t  b e e n  n ecessary  to  d e r iv e  a n e w  ty p e  o f  o rg a n iz a 
tio n . T h e  la u n c h  c o m p le x  is a  p e r fo rm a n c e - fu n c t io n a l  e le m e n t ,  a n d  its  com - 
p a tib il i ty  w ith  t r a d i t io n a l  A ir  F o rce  o r g a n iz a t io n a l  c o n c e p ts  is se lf -e v id e n t.
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S ince  th e  c o m p le x  is fu n c t io n a l ly  o r ie n te d ,  c o n s id e ra b le  e ffo rt h as  b e e n  de- 
v o te d  to  th e  e x c lu s io n  o f  n o n o p e r a t io n a l  e le m e n ts . T h e  p ro je c te d  o rg an iza - 
t io n  is d e s ig n e d  to  b e  a f u n c t io n a l  p a c k a g e , to ta l ly  e x e c u tiv e  in  c h a ra c te r .

N o  m a t te r  h o w  s in g u la r  th e  o r g a n iz a t io n a l  o b je c tiv e  o r  h o w  fu n c tio n a l  
th e  u n i t  d e s ig n , c e r ta in  p ra c tic e s  m ay  d i lu te  a n d  d is to r t  tn e  in te n d e d  p a t te r n  
o f  g r o u p  a c tiv it ie s . W i th in  c o n v e n t io n a l  A ir  F o rce  o rg a n iz a tio n s , th e re  is a 
m a rk e d  te n d e n c y  to w a rd  lo n g  sp a n  o f c o n tro l .  R e s p o n s ib le  o p e r a t in g  officials 
a re  o f te n  p r e v e n te d  f ro m  m a k in g  d e c is io n s  o n  th o se  m a t te r s  a b o u t  w h ich  
th e y  h a v e  th e  m o st d i re c t  k n o w le d g e . T h i s  is la rg e ly  a t t r ib u ta b le  to  th e  
g ro w th  a n d  s e c u la r iz a tio n  o f  staff e le m e n ts . T h e r e  is n o  d e n y in g  th a t  in te -  
g r a te d  c o n tro l  o f  m issiles r e q u ir e s  th a t  o p e r a t io n a l  c o m m a n d  leve is  b e  em - 
p o w e re d  w ith  e s se n tia l in fo r m a t io n .  M iss ile  s ta tu s  a n d  ta r g e t in g  o rd e rs  a re  
fo re m o s t e x a m p le s  o f  th e  d a ta  r e q u i r e d  by  successive lev e is  o f c o m m a n d . 
C o n v e rse ly  th e  la u n c h  c o m p le x , th e  lo w est e n t i ty ,  m u s t b e  f re e d  f ro m  a ll 
u n n e c e s sa ry  s ta ff in te r fe re n c e . A n  e x a m p le  o f  th is  is sa fe ty . B a llis tic  m issiles 
a re  in h e r e n t ly  so d a n g e ro u s  th a t  sa fe ty  is a n  in te g ra l  e le m e n t  o f  th e  o p e ra t io n .  
T h e  u s u a l a c tiv ity  o f a  b ase  sa fe ty  officer, e n d le ss ly  v is i t in g  a n d  w r i t in g  re p o r ts  
to  so m e sa fe ty  se c tio n  in  a d i s ta n t  staff, p ro m ise s  l i t t l e  b u t  in te r f e re n c e  to  th e  
la u n c h  c o m m a n d e r . A d v iso ry  sa fe ty  Services fro m  a staff e le m e n t  m ay  be  
h e lp f u l ,  b u t  th e  r e la t io n s h ip  s h o u ld  b e  s im p lif ie d  a n d  th e  te n d e n c y  to w a rd  
sta ff s u p e rv is io n  o f o p e r a t io n s  e l im in a te d .

I t  h a s  b e e n  sa id  th a t  if  a  s in g le  a i r m a n  w ere  a ss ig n e d  to  s it  o n  a  ro c k  in  
th e  P ac ific , th e  m e re  a p p l ic a t io n  o f  e x is t in g  r e g u la t io n s  a n d  p o lic ie s  w o u ld  
so o n  encí in  a  w h o le  a i r  b a se  s p r in g in g  in to  e x is te n c e  a r o u n d  h im . T h e  
v e s te d  in te re s ts  o f m a n y  staff Service a g e n c ie s  d e c re e  m a n n in g  fo r  th is  o r  
t h a t  Service, w h e th e r  r e q u i r e d  o r  n o t. T h e  la u n c h  c o m m a n d e r  m u s t b e  s p a re d  
th is  p re s su re . T h e  p r e s e n t  b a ll is t ic  o rg a n iz a t io n  is r e la t iv e ly  d e v o id  o f  u n - 
e s s e n tia l  e le m e n ts . K e e p in g  it c le a n  w ill r e q u i r e  a  re v is io n  o f  A ir  F o rce  
d o c u m e n ts . I n  essen ce  e ffec tiv e  m iss ile  o p e r a t io n  m e a n s  o rg a n iz a t io n  in  
w h ic h  s e lf - re l ia n t  m e n  m ay  f re e ly  e x e rc ise  c o m p e te n c e . T h e r e  is n e i th e r  tim e  
n o r  c ir c u m s ta n c e  fo r  a n  a p p e l la te  r e la t io n s h ip  to  a r e m o te  staff. D e le g a tio n  
is th e  p r im e  r u le  fo r  success.

A ll th e  l in e s  s t r e tc h in g  f ro m  o n e  o p e r a to r  to  a n o th e r  in  th e  first c h a r t  
w o u ld  p e r h a p s  seem  q u i te  a lo n g  sp a n  o f  c o n tro í ,  b u t  th e se  lin e s  a re  fo r  th e  
m o s t p a r t  m e re ly  in d ic a t iv e  o f  th e  C o m m u n ic a tio n s  p a t t e r n .  In  th is  Com 
m u n ic a t io n s  g ro w th  w e see a  n o ta b le  c h a ra c te r is t ic  o f  m iss ile  o rg a n iz a tio n . 
T h e  f u e l in g  fu n c t io n  m ay  b e  v i r tu a l ly  a n  in d e p e n d e n t  o p e r a t io n  w ith  l i t t le  
o r  n o  s u p e rv is io n . Y et th e  v o la t i le  n a tu r e  o f  fu e ls  a n d  th e  im p o r ta n c e  o f 
r a p id  fu e l in g  m ak e  it  n ecessa ry  fo r  th e  la u n c h  c o m m a n d e r  to  k n o w  a t  a n y  
p o in t  in  t im e  th e  e x a c t s ta tu s  o f  th is  fu n c t io n . R a p id  c o m m u n ic a t io n  an sw ers  
su c h  d e m a n d s . T h is  e x a m p le  is p e r fe c t ly  c o m p a t ib le  w ith  th e  p r in c ip ie  of 
d e le g a t io n  o f  fu n c t io n  a n d  f u n c t io n a l iz a t io n  itse lf . F u tu re  o rg a n iz a tio n a l 
effic iency  m ay  b e  se rv ed  by r e g r o u p in g  a n d  th e re b y  s h o r te n in g  C o m m u n ica 
t io n s  w ith in  a c o m p le x . In  a n y  e v e n t  c o m m u n ic a t io n  is a n d  w ill c o n t in u e  to  
b e  a  s e rv a n t  o f  fu n c t io n .
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T h e  g ro w th  o f C o m m u n ic a tio n s  in  th e  lo ca l c o m m a n d  o f  m issiles is ac- 
c o m p a n ie d  by a  le ssen in g  o f  in fo rm a l re la t io n s h ip s . By c o n tra s t ,  su ccessfu l 
c o rp o ra te  effo rts , su ch  as d u  P o n t ’s, h a v e  lo n g  p ro s p e re d  o n  in fo rm a l r e la 
tio n sh ip s  a n d  o n  d e -em p h as is  o f  th e  f u n c t io n a l  c h a r t .  A lth o u g h  o rg a n iz e d  
u n d e r  fu n c t io n a l  ch a rts , m ili ta ry  u n i ts  in  fac t o p e r a te  w ith  u n p u b l i s h e d  
re la t io n s h ip s  to  som e e x te n t .  T h e  m e th o d  o f  o p e r a t io n  is b o u n d  u p  in  a w eb  
o f  in fo rm a l re la t io n s  b a sed  u p o n  p e r s o n a li t ie s  a n d  acc e ss ib ility  o f p e o p le . In  
a  b a llis tic  o rg a n iz a tio n  th e  in fo rm a l i ty  is d o o m e d  by th e  p h y s ic a l la y o u t a n d  
th e  p e rs o n a l se p a ra tio n s . T h e  flow  p a t t e r n  a n d  so u rc e s  o f  in fo r m a t io n  in  th e  
la u n c h  c o m p le x  a re  b o rn  o n  th e  d ra w in g  b o a rd . H a rd w a re  d e s ig n  d e te r 
m in e s  s p e a k in g  p a r tie s . M issile  o rg a n iz a t io n  p ro m ise s  to  b e  o f  u n p a r a l le le d  
fo rm a lity  a n d  c h a ra c te r iz e d  b y  in te n s i ty  o f  c o m m u n ic a t io n .

I h a v e  a t te m p te d  to  fo re c a s t a few  o f  th e  b a ll is t ic  o r g a n iz a t io n a l  c o n s id e ra -  
tio n s  fo r  th e  fu tu re . I t  m ay  b e  a rg u e d  th a t  so m e  o f  th ese  o b s e rv a tio n s  a re  
n o t  o rg a n iz a tio n  m a tte rs  a t  a ll. I n d e e d  th is  m ay  b e  tru e . I t  is e x c e e d in g ly  
d ifficu lt to  s e p a ra te  p e r s o n n e l  p o lic ie s  a n d  o p e r a t io n a l  c o n d i t io n s  f ro m  o r 
g a n iz a tio n . I n  th e  in te re s t  o f  p ro v o k in g  th e  r e a d e r s  th o u g h t ,  I a m  l is t in g  
a  few  m o re  p re l im in a ry  c o n c lu s io n s  fo r  h im  to  p o n d e r .  O n ly  tim e  a n d  ex- 
p e r ie n c e  w ill te s t th ese  c o n c lu s io n s :

•  T h e r e  w ill b e  n o  r e q u i r e m e n t  fo r  a t r a d i t io n a l  re se rv e  system .

•  A irm e n  to  b e  a ss ig n e d  to  m iss ile  u n i ts  w ill h a v e  c a re e rs  ex c lu s iv e ly  
in  su ch  u n its .

•  T h e r e  w ill b e  u n u s u a lly  h ig h  p e r s o n n e l  tu r n o v e r  in  m issile  u n its .

•  I n d iv id u a l  re s p o n s ib i l i ty  w ill b e  g re a tly  in c re a se d , b u t  o p e r a t in g  
p ra c tic e s  w ill be  h ig h ly  s ta n d a rd iz e d .

•  C o n tr a c to r  p a r t ic ip a t io n  w ill b e  g re a tly  e n la rg e d  in  lo g is tic s  a n d  
m a in te n a n c e .

•  D ifficu lty  w ill b e  e n c o u n te r e d  in  th e  in te g r a t io n  o f  m iss ile  u n i ts  
in to  c o n v e n tio n a l  w e a p o n  c o m m a n d s  b e c a u se  o f  d iffe re n c e s  o f  h a rd w a re , 
lo g is tic a l m e th o d s , a n d  fo rce  d e p lo y m e n t .

Air Force Ballistic Missile Division, Hq ARDC
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I
T  H A S  lo n g  b e en  c o n c e d e d  th a t  c o m b a t u n i ts  m u s t be  p ro v id e d  w ith  im - 

m e d ia te ly  re sp o n s iv e  lo g is tic s  s u p p o r t  if  th e y  a re  to  c o n t in u a l ly  m a in -  
ta in  a S ta te  o f  p e a k  o p e r a t io n a l  re a d in e s s . T h e  a d v e n t  o f  m iss ile s  in  th e  

o p e r a t io n a l  in v e n to ry  f u r th e r  in te n s if ie s  th e  n e e d  to  s t re a m lin e  lo g is tic s  ac- 
tio n s . T h e  b a ll is t ic  m iss ile , w ith  its  r e q u i r e m e n t  fo r  la u n c h in g  in  a v e ry  sh o r t  
t im e  a f te r  th e  s ig n a l is g iv e n , is a case in  p o in t .

W h e n  th e  o v e r-a ll A ir  F o rce  lo g is tic s  p ic tu re  is e x a m in e d  in  te rm s  o f 
th e  r e q u ir e m e n ts  o f  th e  I C B M /I R B M  w e a p o n  system s, a n  in c o m p a tib i l i ty  
is e v id e n t .  T h e  A ir  F o rce  h a s  e m b a rk e d  u p o n  a p r o g r a m  c a lc u la te d  to  a ch iev e  
a fa s t r e a c t in g , re flex  lo g is tic s  sy stem  w i th in  th e  n e x t  te n  years. T h e r e  a re  
m a n y  m a n ife s ta t io n s  o f th is . L o g a ir , in  th e  t r a n s p o r ta t io n  fie ld , is a  m a jo r  
s te p  to w a rd  a t t a in in g  a  p r o p e r  lo g is tic s  a i r l i f t  p o s tu re . A ir  M a te r ie l  C om - 
m a n d  c o n d u c ts  Service te s ts  in  m a n y  a sp e c ts  o f  lo g istic s, p a r t ic u la r ly  in  elec- 
t r o n ic  d a ta  p ro cess in g . B ase s u p p ly  is u n d e r g o in g  a  m e c h a n iz a t io n  p ro g ra m . 
B u t th e se  lo n g -ra n g e  lo g is tic s  g o a ls , c a l le d  “je t-a g e  lo g is tic s ,” c a n n o t  be  at- 
t a in e d  in  th e  n e a r  f u tu r e  fo r  th e  e n t i r e  A ir  F o rce . T h e  size a n d  in e r t ia  o f  
th e  p r e s e n t  c o m p le x  lo g is tic s  sy stem  s im p ly  w ill n o t  p e r m it  it. A  s tre a m lin e d  
lo g is tic s  sy stem  o f  th is  size m u s t b e  a c h ie v e d  by  e v o lu t io n ,  by  a  g ra d u a l  in- 
je c t io n  o f  n e w  a n d  a d v a n c e d  te c h n iq u e s  a n d  p ro c e d u re s .

A  c lo se r  a n a ly s is  o f  th e  p ro b le m  re v e a ls  th a t  if  w e d o  n o t  a t te m p t  to  
c u re  a ll th e  A ir  F o rce  lo g is tic s  a i lm e n ts  w ith  o n e  d o se , th e  sam e  o b je c tiv e s  
c a n  be  re a liz e d  in  a r e la t iv e ly  s h o r t  tim e . W e  c a n  d o  th is  by  fo c u s in g  a tte n -  
t io n  o n  se g m e n ts  o f  th e  o p e r a t io n a l  fo rce , th u s  c o n f in in g  th e  p ro b le m  to  a 
m a n a g e a b le  size. T h e  b a l l is t ic  m iss ile s  r e p re s e n t  su ch  a  m a n a g e a b le  se g m en t. 
I t  m ay  w ell b e  th a t  in  s t r e a m lin in g  lo g is tic s  s u p p o r t  fo r  th e  b a ll is t ic  m issiles 
w e w ill f in d  th a t  we h a v e  c ro ssed  th e  th re s h o ld  in to  a n e w  e ra  o f  ‘‘ro ck e t-ag e  
lo g is tic s .”

T h e  a t t a in m e n t  o f  a n  e a r ly  o p e r a t io n a l  b a ll is t ic  m iss ile  c a p a b i l i ty  is 
o b v io u s ly  a m a t te r  o f  p r e -e m in e n t  n a t io n a l  im p o r ta n c e . A n  e x tre m e  co n cen - 
t r a t io n  o f  te c h n ic a l  a n d  m a n a g e m e n t  a t t e n t io n  has b e e n  in v e s te d  in  th is  p r o 
g ra m , r e s u l t in g  in a m a rk e d  c o m p re s s io n  o f  th e  n o rm a l cycle fo r  b r in g in g  
a  n e w  w e a p o n  in to  th e  o p e r a t io n a l  in v e n to ry . S in ce  th e  A ir  F o rce  is d e n ie d  
th e  o p p o r tu n i ty  o f p r e p a r in g  fo r  th e  lo g is t ic s -su p p o r t task  a t its le isu re , m an y  
o f  th e  p r e s e n t  m e th o d s  o f  d o in g  th in g s  m u s t b e  c r i t ic a lly  e x a m in e d . F u r th e r  
w e c a n n o t  a ffo rd  th e  lu x u ry  o f  e r ro r s  in  p r e p la n n in g .  I t  is u n n e c e ssa ry  to
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go in to  a  le n g th y  d isco u rse  o n  p la n n in g  d e fic ien c ie s  o f  p a s t p ro g ra m s . O n e  
e x a m p le  is th a t  A ir F o rce  p a c k a g in g  te c h n iq u e s  in  th e  p a s t h a v e  n o t  b e e n  
fu lly  in  c o n so n a n c e  w ith  w e a p o n  d e s ig n . A n d  h o w  m an y  tim e s  h a v e  o p e ra -  
t io n a l u n i ts  b e e n  d e p lo y e d  w h e n  th ey  w ere  n o t  fu lly  e q u ip p e d , th u s  de- 
g ra d in g  th e i r  c a p a b ility ?

I t  a p p e a r s  a t  first g la n c e  th a t  th e re  a re  in s u r m o u n ta b le  c o n s t ra in ts  to  a 
p r o p e r  a p p ro a c h  to  th e  b a ll is t ic  m iss ile  lo g is tic s  p ro b le m s . U p o n  c lo se r  ex- 
a m in a t io n , h o w ev er, th e se  a p p a r e n t ly  b u rd e n s o m e  c o n d i t io n s  c h a n g e  ch a r-  
a c te r . I t  m ay  b e  th a t  a  c r i t ic a i e x a m in a t io n  o f  so m e o f  th e  c u r r e n t  p ro c e d u re s  
a n d  w ays o f  d o in g  th in g s , c au sed  in  th is  case by n ecess ity , is a  b le ss in g  in  
d isgu ise . T h e  re a liz a tio n  th a t  th e re  is n o t  e n o u g h  tim e  to  d o  th e  th in g s  th a t  
m u st be  d o n e  w ill cau se  a t t e n t io n  to  b e  c o n c e n tr a te d  o n  q u ic k e r  a n d  m o re  
efficient m e th o d s . T h e  re a l iz a t io n  th a t  a p l a n n in g  e r r o r  o f th e  o r d e r  o f  so m e 
c o m m itte d  in  th e  p a s t w o u ld  b e  d isa s tro u s  in  a  p ro g ra m  o f th is  n a tu r e  is an - 
o th e r  b ig  s tep . T h e  v e ry  e s ta b l is h m e n t o f  th e  B a llis tic  M iss ile  D iv is io n  
(A R D C ), B a llis tic  M iss ile  Office (A M C ), a n d  G u id e d  M iss ile  R e se a rc h  D iv i
sio n  o f R a m o -W o o ld r id g e  C o r p o r a t io n  as a  m a n a g e m e n t te a m  sig n ifies  th e  
aw aren ess  o f  th e  n e e d  to  v e s t th e  a u th o r i ty  a n d  re s p o n s ib i l i ty  fo r  p ro s e c u tin g  
a h ig h -p r io r i ty  w e a p o n  system  d e v e lo p m e n t  p ro g ra m  in  a n  o rg a n iz a t io n  o f  
u n u s u a l c o m p e te n c e . T h i s  sam e  p h i lo s o p h y  m u s t b e  a p p l ie d  in  a ll o f  th e  
c o m p le m e n tin g  s u p p o r t  a re a s  su ch  as lo g is tic s  a n d  t r a in in g .

T h e  p ro b le m  o f h a v in g  to  s u p p o r t  o p e r a t io n a l  w e a p o n s  o f  q u ic k  reac- 
t io n  c a p a b i l i ty  h a s  b e e n  b rie fly  to u c h e d  u p o n . B a llis tic  m issile s a re  w e a p o n s  
w h ich  can  w re a k  d e v a s ta tio n  o n  th e i r  a ss ig n e d  ta rg e ts  th o u s a n d s  o f  m ile s  
aw ay  w ith in  a  very  s h o r t  t im e  a f te r  th e y  a re  la u n c h e d . M o st a s su re d ly  th ey  
c a n n o t  be a llo w e d  to  r e m a in  in  a  S tate  o f  d i s r e p a i r  fo r  a n y  a p p r e c ia b le  
le n g th  o f tim e . L ack  o f  p r o p e r  s u p p o r t in g  sp a re s  a n d  m a in te n a n c e  c a p a 
b ility  w o u ld  b e  sh ee r  w aste  o f  th e  in h e r e n t  c a p a b i l i ty  w h ich  th e  w e a p o n s  
possess. T h e  t r e m e n d o u s  cost o f  th e se  w e a p o n s  m ak e s  c o m p le te ly  u n ac - 
c e p ta b le  o v e rp ro g ra m in g  o f  a d d i t io n a l  w e a p o n s , s u p p o r t in g  e q u ip m e n t ,  o r  
sp a res  to  c o m p e n s a te  fo r  th o se  o u t  o f  co m m iss io n .

I n  o u r  m a n n e d  a ir c r a f t ,  c o m p o n e n ts  m ay  b e  fo u n d  to  be  d e fe c tiv e  a f te r  
take-off a n d  s till n o t  c au se  a  m iss io n  a b o r t .  S k ille d  c rew  m e m b e rs  c a n  o f te n

Brigadier General Ben I. Funk , University o f D enver, Air Force In stitu te  o f Tech- 
nology, i, Chief, Ballistic Missiles Office, Hq Air M ateriel C om m and, w ith his of- 
fice in Inglewood, Califórnia. He com pleted flying tra in ing  in 1936 and  received 
a regu lar commission in 1938. D uring  the war he rom m anded  the 346th  Bomb 
Group in the Far East. Much of his career has been spent in m ateriel and logis
tics. including assignm ents as pro ject officer and then chief o f the M ateriel and 
Equipm ent Section (B om b) a t Hq Army Air Forces in 1944, as depu ty  chief of 
the Aircraft P rocurem ent D ivision. Hq AMC, to 1951, as com m ander o f the 85 th  
Air Depot W ing in E urope, 1952-54, and as Inspecto r G eneral and C hief of P lans 
& Program m ing of AMC to 1956. In addition  to being Deputy D irector fo r Bal
listic Missile» General F unk  is also designated Ballistic Missiles M anager fo r AMC.
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ta k e  u p  th e  slack . I n  so m e g u id e d  m issiles, su ch  as p ilo tle s s  a irc ra f t ,  w e can- 
n o t  re ly  o n  th e  h u m a n  f a c to r  b u t  w e s till  h a v e  in  th e  g u id a n c e  system  a 
m e a n s  fo r  r e ta in in g  c o n tro l  o f  th e  m iss ile  fo r  a c o n s id e ra b le  p e r io d  o f  tim e  
a f te r  la u n c h . S uch  is n o t  th e  case, o f  c o u rse , w ith  th e  b a llis t ic  m issile . L i t t le  
t im e  is a llo w e d  fo r  c o r re c t io n  o f  e rro rs . T h e  m iss ile  is so o n  b e y o n d  a p o in t  
w h e re  w e c a n  e x e r t  a n y  c o n tro l  o v e r  it. R e l ia b i l i ty  th e n  b eco m es p a ra - 
m o u n t .  T h i s  a p p lie s  n o t  o n ly  to  r e l ia b i l i ty  o f  th e  w e a p o n  a n d  its  g ro u n d  
s u p p o r t  e q u ip m e n t  b u t  e q u a lly  to  a ll c o n t r ib u t in g  e le m e n ts  o f th e  w e a p o n  
system .

T h e  L o g is t ic s  C o n tro l

I f  a t t e n t io n  is n a r ro w e d  sp ec ifica lly  to  b a ll is t ic  m iss ile  lo g is tic s  it  w ill 
b e  n o te d  th a t  m a n y  c o n tr a c to r s  a re  in v o lv e d  in  th e  d e v e lo p m e n t  o f th ese  
m issiles. U n d e r  th e  p r e s e n t  A ir  M a te r ie l  A re a  (A M A ) d e p o t  system  m a n y  
A M C  fie ld  a g en c ie s  w o u ld  a u to m a tic a l ly , by  v i r tu e  o f  th e  c o n tr a c to r  a lig n - 
m e n t ,  be  in v o lv e d  in  th e  d i re c t  s u p p o r t  o f  b a ll is t ic  m iss ile  o p e r a t io n a l  u n i ts . 
W ith  su ch  d isp e rs io n  a  lo g is tic s  r e a c t io n  c a p a b i l i ty  s a tis fy in g  th e  re q u ire -  
m e n ts  o f  th e  I C B M /I R B M  w o u ld  h a v e  to  in v o k e  th e  u tm o s t in  c o o p e ra - 
t io n , c o o r d in a te d  p la n n in g ,  a n d  c o n c e n tr a te d  e ffo rt. T o  p re se rv e  th e  o p e r a 
t io n a l  e ffec tiv en ess  o f  th e  b a ll is t ic  m iss ile s, th e  A ir  F o rc e  w o u ld  h a v e  to  
e x p e c t  a d e g re e  o f  fu lly  c o o r d in a te d  efficiency th a t  c o u ld  n o t  p o ssib ly  be  
a t t a in e d  in  a n y  o rg a n iz a t io n  th is  la rg e  a n d  c o m p a r tm e n ta l iz e d  w ith o u t  som e 
fo rm  o f  c e n t ra l  c o n tro l .

T h e  d i r e c t io n  to  b e  ta k e n  is c le a r . I t  h a s  b e e n  n ecessa ry  to  d e le g a te  to  
o n e  in d iv id u a l  w ith in  th e  A M C  s t r u c tu r e  fu ll  re s p o n s ib i l i ty  to  d e v e lo p  a 
lo g is tic s  sy stem  fu lly  tu n e d  to  th e  r e q u ir e m e n ts  o f  th e se  n e w  w e a p o n  system s. 
A t th e  sam e  tim e  w e w o u ld  b e  se r io u s ly  rem iss  if  w e d id  n o t ,  in  d e s ig n in g  
su ch  a  sy stem , fu lly  e x p lo i t  th o se  lo g is tic s  p ro c e d u re s  a n d  te c h n iq u e s  o f  an  
a d v a n c e d  n a tu r e  w h ic h  h a v e  b e e n  se rv ic e -te s te d  p ie c e  by  p iec e  d u r in g  th e  
p a s t  se v e ra l years. W e  h a v e  a n  o p p o r tu n i ty  to  g iv e  b i r th  to  so m e lo n g -co n - 
c e iv e d  te n e ts  a n d  to  sh a k e  d o w n  in  a n  is o la te d , y e t n o t  in s u la te d , e n v iro n -  
m e n t  a  lo g is tic s  p a c k a g e  b a se d  u p o n  th e  w e a p o n  sy stem  m a n a g e m e n t c o n c ep t.

In  r e c o g n it io n  o f  th e  n e e d  to  d e v e lo p  a n  a d v a n c e d  lo g is tic s  system  in  
c lose  h a rm o n y  w ith  th e  re s e a rc h  a n d  d e v e lo p m e n t  e ffo rt a n d  to  e n su re  
r e a d in e s s  to  o p e r a te  o n  th e  d a te  th e  first o p e r a t io n a l  u n i t  m u s t b e  d e p lo y e d , 
A M C  p u b lis h e d  lo g istic s  p la n s  e a r ly  in  th e  life  o f th e  b a ll is t ic  m issile  p ro - 
g ra m . D is t r ib u te d  in  N o v e m b e r  1956, th e se  d o c u m e n ts  h a v e  th e  a p p ro v a l 
o f  th e  A ir  F o rc e  B a llis tic  M iss ile  D iv is io n , th e  S tra te g ic  A ir  C o m m a n d . th e  
A ir  T r a i n i n g  C o m m a n d , a n d  H e a d q u a r te r s  U S A F . T h c y  p ro v id e  fo r  th e  
a p p o i n tm e n t  o f  a w e a p o n  sy stem s m a n a g e r  fo r  b a ll is t ic  m iss ile  log istics. 
c h a rg e d  w ith  th e  r e s p o n s ib i l i ty  o f  e s ta b l is h in g  a n d  m a in ta in in g  a s tream - 
l in e d  I C B M /I R B M  lo g is tic s  sy stem . T h e  w e a p o n  system s m a n a g e r  h a s  b e e n  
e s ta b lis h e d  as a s e p a ra te  o rg a n iz a t io n a l  e le m e n t  o f  H e a d q u a r te r s  A M C , re- 
s p o n s ib le  d ire c t ly  to  th e  C o m m a n d e r . H e  h a s  b e e n  a ss ig n e d  p r im e  a n d  
e x e c u tiv e  A M C  re s p o n s ib i l i t ie s  fo r  b a ll is t ic  m issiles.
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T h e  p la n s  p re sc r ib e  a lo g is tic s  system  th a t  m ak e s  m a x im u m  use o f elec- 
t r o n ic  d a ta  p ro c ess in g  d ev ice s  to  a id  th e  w e a p o n  system s m a n a g e r  in  per- 
fo rm in g  th e  lo g is tic s  fu n c t io n s  c o n n e c te d  w ith  m iss io n  s u p p o r t  o f  th e  ba llis- 
tic  m issiles. T h e y  a re  b a se d  u p o n  m in im u m  sto ck  leveis, m in im u m  p ip e l in e  
tim e , d i re c t  s u p p o r t  f ro m  so u rc e  to  u se r, m in im u m  a d m in is t r a t io n  a t  th e  
o p e r a t io n a l  u n i t  levei, a n d  o p t im u m  u se  o f  c o n tr a c to r  m a in te n a n c e .

T h e  L o g is t ic s  S y stem
L e t u s  e x a m in e  m o re  in  d e ta i l  th e  f e a tu re s  o f  th is  p la n . A ll c o m p o n e n ts  

r e q u i r e d  in  s u p p o r t  o f  th e  I C B M /I R B M  u n i ts  a n d  n o t  c u r re n t ly  s to ck ed  
w ith in  th e  A ir  F o rc e  d e p o t  sy stem  as s ta n d a r d  A ir  F o rce  item s  w ill b e  in i t ia l ly  
s u p p o r te d  fo r  b o th  s u p p ly  a n d  m a in te n a n c e  by th e  c o n tr a c to r  w h o  is de- 
v e lo p in g  th e  p a r t ic u la r  su b sy s tem . As so o n  as su ch  s u p p o r t  c an  b e  r e n d e r e d  
m o re  e ffec tiv e ly  by an  A M C  ag en cy , re s p o n s ib i l i ty  w ill sh if t  to  th e  A M A / 
d e p o t  s t ru c tu re .  T o  p ro v id e  th e  w e a p o n  sy stem s m a n a g e r  w ith  a  fu ll  m e a su re  
o f  c o n tro l ,  th o se  item s s to c k e d  w i th in  th e  c u r r e n t  A ir  F o rce  system  r e q u ir e d  
fo r  d i re c t  m iss io n  s u p p o r t  o f  I C B M /I R B M  s tra te g ic  m iss ile  s q u a d ro n s  a re  
a lso  u n d e r  h is  ju r is d ic t io n .  T h i s  is n o t ,  i t  s h o u ld  b e  e m p h a s iz e d , a  h u g e  
a m o u n t  o f  m a te r ie l ,  b u t  r a t h e r  a  sm a ll w o rk in g  s to ck  o f  fa s t-m o v in g  item s.

B a llis tic  m issile  o p e r a t in g  s q u a d ro n s  w ill b e  s a te l l i te d  o n  h o s t b ases fo r  
h o u s e k e e p in g  s u p p o r t .  T h o s e  ite m s  r e q u i r e d  in  th e  e s se n tia l day -to -d ay  
o p e r a t io n s  o f  th e  s q u a d ro n s  to  m a in ta in  th e m  in  a c o n s ta n t  S tate o f re a d in e s s  
w ill be  p ro v id e d  by  th e  w e a p o n  sy stem s m a n a g e r ,  o n  a d i re c t  basis. T h e r e  
w ill b e  n o  r e q u i r e m e n t  fo r  th e se  ite m s  to  b e  a c c o u n te d  fo r  by  a base-lev el, 
n u m b e r e d , s to c k -re c o rd  a c c o u n t  as w e n o w  k n o w  it. A c c o u n ta b il i ty  w ill be  
h e ld  c e n t ra l ly  by  th e  w e a p o n  system s m a n a g e r .  N a tu r a l ly  o p e r a t io n a l  s q u a d 
ro n s  w ill b e  p r o v id e d  w ith  th e  sm a ll s to ck  o f  ite m s  th e y  r e q u ir e  to  p e r fo rm  
th e i r  m iss io n . T h e i r  r e c o rd -k e e p in g  r e q u ir e m e n ts  w ill b e  h e ld  to  a n  abso- 
lu te  m in im u m . T h e y  w ill n o t  b e  r e q u i r e d  to  s u b m it  fo rm a l r e q u is i t io n s  
th ro u g h  th e  lo n g - fa m ilia r  p ro c e d u re s  to  o b ta in  s u p p lie s . O n  th e  basis  o f 
p e r io d ic  r e p o r ts ,  b o th  e m e rg e n c y  a n d  r o u t in e ,  th e y  wdll be  a u to m a tic a l ly  
s u p p l ie d  w ith  th e i r  n eed s . T h e y  w ill b e  a u th o r iz e d  to  p e r fo rm  su ch  m a in 
te n a n c e  as c a n  lo g ica lly  b e  e ffe c ted  w ith  a v a i la b le  sk ills , fa c ilitie s , a n d  sp ace , 
a n d  c o n s id e r in g  system  c o m p le x ity  a n d  r e l ia b i l i ty  r e q u ir e m e n ts .  A n y  ite m  re- 
q u i r in g  m a in te n a n c e  b e y o n d  th e  c a p a b i l i ty  o f th e  s tra te g ic  m iss ile  s q u a d ro n  
w ill be  e v a c u a te d  d ire c t ly  to  th e  a p p r o p r ia te  c o n tr a c to r  o r  A M A /d e p o t  fo r 
r e p a i r  a n d  r e t u r n  to  stock .

M a x im u m  u t i l iz a t io n  w ill b e  m a d e  o f  m o b ile  te a m s as b a c k u p  m a in 
te n a n c e  s u p p o r t .  A  s t r e a m lin e d  u n s a t is f a c to ry - re p o r t in g  system  is b e in g  de- 
v ised  to  e n s u re  q u ic k  r e a c t io n  to  th e  d e m a n d s  o f  th e  s i tu a t io n .  W ith in  th e  
U n i te d  S ta te s  L o g a ir  w ill b e  u sed  to  t r a n s p o r t  c o m p o n e n ts  to  a n d  fro m  
IC B M  s q u a d ro n s  a n d  th e  d e p o t- le v e l s u p p o r t  ag en c ie s . A r ra n g e m e n ts  h av e  
b e e n  m a d e  to  e x te n d  s im ila r  se rv ice  to  IR B M  u n i ts  o v erseas. A ir  F o rce  a ir- 
l i f t  c a p a b i l i ty  w ill b e  u sed  to  t r a n s p o r t  th e  w e a p o n s  th em se lv es .

A fu lly  in te g ra te d  e le c t ro n ic  d a ta  p ro c e s s in g  sy stem , a lo n g  w ith  a com -
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munications system, will link the weapon systems manager, the operating 
squadrons, a storage site for common items of supply, and the applicable 
contractor. All activities in this system will be provided with the latest 
Communications terminal equipment to ease the problem of communicating 
between elements. The heart of the system will be an electronic data pro- 
cessing center which will streamline logistics action by predetermining and 
placing into a Computer as many management actions as possible. All trans- 
action information for the entire system will funnel into this location for 
proper recording and necessary action.

C o n s id e ra tio n s  o f  v u ln e ra b i l i ty  h a v e  n o t  b e e n  o v e r lo o k e d . B a c k u p  p ro - 
v is io n s  h a v e  b e e n  m a d e  in  th e  e v e n t o f  a n y  e q u ip m e n t  f a i lu re . P ro v is io n s  
h a v e  a lso  b e e n  m a d e  fo r  th e  u s in g  c o m m a n d  to  p a r t ic ip a te  in  a ll leve is  o f  th e  
d e v e lo p m e n t o f  th is  lo g is tic s  sy stem  a n d  in  its  o p e r a t io n .  T h i s  w ill m ak e  
fo r  im m e d ia te  re sp o n s iv e n e ss  to  th e  p r o g r a m in g  a n d  o p e r a t io n a l  r e q u ire -  
m e n ts  o f  th e  u s in g  ag en cy .

T h e  system  ju s t  d e sc r ib e d  h as n o t  b e e n  p la n n e d  o n  a n  “ i t  w o u ld  b e  n ice  if ” 
basis. T h e  system  is a t ta in a b le  in  th e  tim e  p e r io d  in  q u e s t io n , if i t  is re- 
s tr ic te d  in i t ia l ly  to  th e  b a ll is t ic  m issile  o rg a n iz a t io n . T h e  a b i l i ty  to  r e a c t  
in s ta n ta n e o u s ly  to  a  r e q u ir e m e n t ,  c o u p le d  w ith  th e  c lose  in v e n to ry  c o n tro l  
th is  sy stem  w ill p e rm it ,  w ill save c o u n tle s s  m il l io n s  o f  d o l la r s  u s u a lly  ex- 
p e n d e d  to  stock  la rg e r  q u a n t i t i e s  o f sp a res . T h i s  is n o t  to  say th a t  th e  e s tab - 
l is h m e n t o f  th is  system  w ill n o t  b e  d ifficu lt. H ig h ly  t r a in e d  p e r s o n n e l  h a v e  
b e e n  a ss ig n e d  to  th e  e ffo rt b e ca u se  th e re  is l i t t l e  t im e  fo r  th e  t r a in in g  o f  
se m isk ille d  p e r s o n n e l in  th e  fie lds o f  e le c tro n ic  d a ta  p ro c ess in g , su p p ly , m a in -  
te n a n c e , a n d  t r a n s p o r ta t io n .  T h o s e  p e r s o n n e l  c h o se n  fo r  th e  e ífo r t  h a v e  h a d  
to  u n d e r g o  a h ig h ly  se lec tiv e  q u a l i f ic a t io n  rev iew . F u ll  use w ill b e  m a d e  
o f  h e re to fo re  s e p a ra te  a n d  u n in te g r a te d  e le c tro n ic  d a ta  p ro c e s s in g  re s e a rc h  
p ro g ra m s  re c e n tly  c o m p le te d , c u r r e n t ly  in  p rocess, a n d  n o w  b e in g  p la n n e d  
w ith in  th e  A ir  F o rce  a n d  in d u s try . T h e  b e s t ta le n t  in  th e  b u s in e ss  h as b e e n  
m a rs h a le d  to  th e  ta sk . T h e r e  is l i t t l e  d o u b t  th a t  th e  se rv ic e - te s tin g  o f  th is  
s u p p o r t  c o n c e p t a n d  o f  th e  fu lly  in te g r a te d  e le c tro n ic  d a ta  p ro c e s s in g  system  
it  uses w ill p ro v id e  a w e a l th  o f  d a ta  u s e fu l to  a ll e c h e lo n s  o f  m a n a g e m e n t 
w ith in  th e  A ir  F orce . I t  w ill d o u b tle s s  b e c o m e  a s ig n p o s t  to  th e  f u tu r e  o f  
th e  e n t i r e  A ir  F o rce  lo g is tic s  s t ru c tu re .  I t  s h o u ld  p o in t  th e  w ay  fo r  o th e r  
w e a p o n s  system s o n  th e  d r a w in g  b o a rd  a n d  in  e a r ly  s tag es  o f  d e v e lo p m e n t.

Ballistic Missiles Office, Hq AMC
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B r i g a d i e r  G e n e r a l  B e n  I .  F u n k  

P a rt  I: F ro m  tlie  A i r  F o r c e ’s V ie w p o in t

T
|H E  re a l im p a c t o f  th e  d e v e lo p m e n t-p ro d u c t io n  o f I C B M /I R B M  is 
f o u n d  in  o u r  c u r r e n t  p o s it io n . W e  a re  p r o d u c in g  in  q u a n t i ty  a w e a p o n  
sy stem  th a t  is s t i l l  in  d e v e lo p m e n t.  E x c e p t fo r  th is  t im e  c o m p re ss io n , 

th e  p ro b le m s  in  c o n v e r t in g  a d e v e lo p m e n t  to  a  p r o d u c t io n  p ro g ra m  in  b a l 
l is tic  m iss ile  system s a re  s im ila r  to  th o se  e n c o u n te r e d  in  th e  d e v e lo p m e n t-  

p r o d u c t io n  o f  a n y  m a jo r  A ir  F o rc e  w e a p d n  system .
T h i s  w e a p o n  system , h o w e v e r , is th e  la rg e s t p r o je c t  in  p o in t  o f  d o lla rs  

a n d  u l t im a te  y ie ld  in  th e  A ir  F o rc e  p ro g ra m . T h e  r e a s o n in g  th a t  d ic ta te d  
th e  tim e  c o m p re ss io n  o f  d e v e lo p m e n t- p r o d u c t io n  g av e  th e  basis  fo r  a c c o rd in g  
th e  b a ll is t ic  m iss ile  th e  h ig h e s t  A ir  F o rce  p r io r i ty  a n d  u l t im a te ly  th e  h ig h e s t 
n a t io n a l  p r io r i ty .  T h e  d e c is io n  by th e  P r e s id e n t  t h a t  th is  p ro g ra m  w as 
“ se c o n d  to  n o n e ” has b e e n  w ell p u b lic iz e d .

T h e  o r ig in a l  a c tio n  to  m a k e  th is  p ro g ra m  " se c o n d  to  n o n e ” w as to  g ive  
i t  to p  l is t in g  a m o n g  a sm a ll n u m b e r  o f  th e  n a t io n 's  v ita l  p ro je c ts . W h ile  th is  
servecl to  e s ta b lis h  th e  p ro g ra m  as a v i ta l  p ro je c t ,  th e  p ra c tic a l  effect w as to  
m a k e  it  " s e c o n d  to  n o n e ” b u t  e q u a l  to  sev e ra l. A ll p ro je c ts  in  th is  g ro u p  
h a d  e q u a l p r io r i ty  a n d  th e  e ffect o f  to p  l is t in g  w as la rg e ly  p sy ch o lo g ica l. In  
m a n y  in s ta n c e s  th e  b a ll is t ic  m iss ile  w as c o m p e t in g  w ith  c o n v e n tio n a l  p ro - 
g ra m s  fo r  c r i t ic a i g o o d s  a n d  Services. E v e n  th o u g h  r e d  ta p e  w as c u t, v a lu a b le  
t im e  w as lo s t in  ju s t i fy in g  d iv e rs io n  o f  m a te r ia l  o r  e ffo rt to  th e  b a llis t ic  m is 
sile . T h e  c o n v e n t io n a l  in d u s t r ia l  p r io r i ty  r a t in g  o f  " D O ” w as s im p ly  n o t 
g e t t in g  th e  jo b  d o n e .

As th e  first s te p  in  o b ta in in g  m o re  e m p h a s is  fo r  th e  b a ll is t ic  m issile  
e ffo rt, p a r t ic u la r ly  in  th e  lo w e r  tie rs  o f  s u b c o n tr a c to rs  a n d  su p p lie rs , a d is tin c - 
tiv e  b a ll is t ic  m iss ile  s ta m p  in d ic a t in g  " u rg e n c y ” w as d e v ised  a n d  its use w as 
a u th o r iz e d  by  th e  D e p a r tm e n t  o f  D e fe n se . A lth o u g h  c a r ry in g  n o  p r io r i ty  in  
itse lf , its  p sy ch o lo g ic a l e ffec t w as h ig h ly  b e n e fic ia i. C o n tra c to r s  a n d  s u b c o n 
t r a c to r s  p r o m p tly  a p p l ie d  it to  th e i r  s u b c o n tra c ts  a n d  p u rc h a s e  o rd e rs . I t  
h a d  th e  v e ry  p ra c t ic a l  effec t o f  in d ic a t in g  to  a m a n u f a c tu r e r  th a t  h is  p a r 
t i c u la r  p r o d u c t  w as d e s tin e c l fo r  a b a llis tic  m iss ile . B u t d e s p ite  th e  b e n e fit  
o b ta in e d  fro m  c o n v e n tio n a l  p r io r i ty  r a t in g s  a n d  d is t in c t iv e  id e n tif ic a t io n  o f  
c o n tr a c to r s ’ o rclers, s o m e th in g  m o re  f in ite  w as n e e d e d .
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T h is  carne  ea rly  in  1957 w h e n  th e  Office o f  D e fe n se  M o b il iz a t io n  d e c id e d  
to  a w a rd  th e  h ig h e st in d u s t r ia l  p r io r i ty  r a t in g ,  th e  “D X ” r a t in g ,  to  th e  ba llis- 
tic m issile  p ro g ra m . U se d  h e re to fo re  as a n  id e n t i f ic a t io n  o f  d ire c t iv e  a c tio n  
by th e  B usiness a n d  D e fe n se  S erv ices A d m in is t r a t io n  ( th e  ag en cy  c h a rg e d  
w ith  a d m in is tr a t in g  in d u s t r ia l  p r io r i t ie s ) ,  th is  r a t in g  w as n o w  to  b e  a p p l ie d  to  
a ll b a llis tic  m issile  c o n tra c ts , s u b c o n tra c ts , a n d  p u rc h a s e  o rd e rs . T h e  b a ll is t ic  
m issile  p ro g ra m  is n o w  in  t r u t h  “ se c o n d  to  n o n e .”

T h is  a c t io n  has in  i tse lf  b ro u g h t  a n  im p a c t  o n  th e  o v e r-a ll a i r c r a f t  a n d  
m issile  in d u s try . W h e n  c o m p e t i t io n  fo r  a p p l ic a t io n  o f  e ffo rt o r  t im e  o f 
d e liv e ry  ex ists , th e  m a n u f a c tu r e r  m u s t n o w  g iv e  p re c e d e n c e  to  th e  b a ll is t ic  
m issile  o rd e rs  o v e r  lo w e r  p r io r i ty  o rd e rs . T h i s  m ay  m e a n  th a t  th e  s u p p l ie r  
m u s t d e v o te  h is  e ffo rt to  sm a lle r  o r  e v e n  less p ro f i ta b le  o rd e rs  to  h o n o r  th e  
h ig h  p r io r i ty  o f th e  p ro g ra m . A t th e  sam e  tim e  h is  o th e r  c u s to m e rs  m u s t w 'ait 
in  lin e . T h e  s u p p l ie r  o f  c r i t ic a i m a te r ia is  m ay  e x p e r ie n c e  d e liv e ry  co n flic ts  
ev en  w ith in  th e  b a llis tic  m iss ile  p ro g ra m . T h e s e  a re  re so lv e d  w ith in  th e  B M D - 
B M O  c o m p le x  o n  th e  basis  o f  in -p ro g ra m  u rg e n c y .

Principal Contractors
W h o , th e n ,  m ak es u p  th e  in d u s try ' th a t  is ta k in g  th e  im p a c t  o f  th e  

b a llis tic  m iss ile  d e v e lo p m e n t-p ro d u c tio n  tim e  c o m p re ss io n , th e  g re a t  costs 
in v o lv ed , a n d  th e  p re ssu re s  o f  its  p r im a ry  u rg en cy ?  T h e r e  a re  f if te e n  care- 
fu lly  se le c ted  p r im e  c o n tr a c to r s  w i th in  th e  b a ll is t ic  m iss ile  c o m p le x , th re e  in

Major Contractual Areas
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a ir f ra m e s , th re e  in  p r o p u ls io n ,  six  in  g u id a n c e , tw o  in  no se  co n es (o r w ar- 
h e a d s) , a n d  o n e  c o n tr a c to r  w ith  o v e r-a ll te c h n ic a l  g u id a n c e . S te m m in g  fro m  
th e se  p r im e s  a re  a p p ro x im a te ly  tw o  h u n d r e d  p r in c ip a l  su b c o n tra c to rs  in  all 
p a r ts  o f  th e  c o u n try .

T h e  a n c h o r  m a n  o n  th e  A tla s  m iss ile  te a m  is th e  C o n v a ir  D iv is io n  of 
th e  G e n e ra l  D y n am ics  C o r p o r a t io n  as p r o d u c e r  o f  th e  a ir f ra m e . C o n v a ir , 
b u i ld e r  o f  m a n y  p la n e s  fro m  B -24’s to  B -58’s, c e r ta in ly  n e ed s  n o  in tro d u c t io n .  
A tla s  p r o p u ls io n  is th e  r e s p o n s ib i l i ty  o f  N o r th  A m e r ic a n  A v ia t io n ’s R o ck e t-  
d y n e  D iv is io n . N o r th  A m e r ic a n  is b e s t k n o w n  as th e  h o m e  o f  W o r ld  W a r  
l i  s T -6 , B-25, a n d  P-51 a ir c r a f t  a n d  th e  p o s tw a r  S a b re  series. A m e ric a n  
M a c h in e  & F o u n d ry , a m a n u f a c tu r e r  o f  to o ls  a n d  in t r ic a te  e q u ip m e n t  fo r  
in d u s try , is f u r n is h in g  th e  accessory  p o w e r  su p p ly . T h e  g u id a n c e  system  is 
th e  re s p o n s ib i l i ty  o f  th e  M iss ile  S e c tio n  o f G e n e ra l  E le c tr ic ’s H e a v y  M ili ta ry  
E le c tro n ic  E q u ip m e n t  D e p a r tm e n t .  T h e  a c c o m p a n y in g  C o m p u te r  is b e in g  
m a n u fa c tu r e d  by  th e  B u rro u g h s  C o r p o r a t io n ,  a  w e ll-k n o w n  n a m e  in  b u s in ess  
m a c h in e s . As b u i ld e r  o f th e  n o se  c o n e  o r  w a rh e a d , th e  “ p a y lo a d ” o f th e  
b a ll is t ic  m iss ile , G e n e ra l  E le c tr ic ’s M iss ile  a n d  O r d n a n c e  S ystem s D e p a r tm e n t  
w as se le c ted .

O n  th e  T i t a n  T h e  M a r t in  C o m p a n y , a n  a v ia t io n  in d u s t ry  p io n e e r ,  is 
p r o d u c in g  th e  a ir f r a m e . T h e  e n g in e  as w e ll as th e  accessory  p o w e r  su p p ly  
co m es f ro m  th e  n e w  liq u id - ro c k e t  p l a n t  o f  A e ro je t-G e n e ra l ,  a  d iv is io n  o f 
G e n e ra l  T i r e  a n d  R u b b e r  C o m p a n y , w e ll k n o w n  as p ro d u c e rs  o f so lid - 
p r o p e l l a n t  assist tak e-o ff u n i ts  fo r  th e  a rm e d  Services. A l te r n a te  ra d io - in e r t ia l  
a n d  a l l - in e r t ia l  g u id a n c e  sy stem s a re  b e in g  p ro v id e d  by  th e  W e s te rn  E le c tr ic  
C o m p a n y , th e  c o m m u n ic a t io n  e x p e r ts ,  in  c o n ju n c t io n  w ith  th e  B ell T e le -

Milling machines useci in the manufacture of nose cone, Avco, Everett, Mass.
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p h o n e  L a b o ra to r ie s  a n d  A m e ric a n  B osch A rm a . l  h e  la t t e r  firm  h as h a d  lo n g  
e x p e r ie n c e  in  b u i ld in g  h ig h ly  p re c ise  d ie se l in je c t io n  system s a n d  m o re  re- 
c en tly  in  su p p ly in g  g u n  f ire -c o n tro l system s to  th e  A ir  F o rce . T h e  C o m p u te r  
o n  th is  w e a p o n  system  is th e  re s p o n s ib i l i ty  o f  R e m in g to n  R a n d  U n iv a c , a 
le a d e r  in  th e  C o m p u te r fie ld . T h e  w a rh e a d  o n  th e  T i t a n  is b e in g  p ro d u c e d  
by th e  R esea rch  a n d  A d v a n c e d  D e v e lo p m e n t D iv is io n  o f  A vco. A vco, a 
d iv e rs ified  m a n u fa c tu re r ,  p io n e e re d  th e  sh o ck  tu b e  e x p e r im e n ts  in  c o n n e c t io n  
w ith  th e  p ro b le m  o f  re -e n try  o f  th e  n o se  c o n e  in to  th e  a tm o s p h e re .

T h e  T h o r ,  as m ay  b e  seen , h as  b e n e f ite d  f ro m  e x p e r ie n c e  in  o th e r  
b a llis t ic  m issiles. T h e  D o u g la s  A irc ra f t  C o m p a n y  w as se le c te d  as th e  a ir f r a m e  
p ro d u c e r , w ith  N o r th  A m e r ic a n ’s R o c k e td y n e  D iv is io n  m a n u f a c tu r in g  th e  
e n g in e . W e s te rn  E le c tr ic  is p r o v id in g  th e  g u id a n c e  sy stem , a n d  th e  accom - 
p a n y in g  C o m p u te r is by R e m in g to n  R a n d  U n iv a c . A n  a l te r n a te  g u id a n c e  
system  is b e in g  d e v e lo p e d  by th e  A C  S p a rk  P lu g  D iv is io n  o f  G e n e ra l  M o to rs , 
b e s t k n o w n  to  th e  A ir  F o rce  as m a k e rs  o f  f ire -c o n tro l a n d  b o m b -n a v ig a t io n  
system  c o m p o n e n ts . T h e  no se  c o n e  is b e in g  p ro d u c e d  b y  G e n e ra l  E le c tr ic  
in  c o n ju n c t io n  w ith  its  A tla s  e ffo rt.

I n  a d d i t io n ,  o f  co u rse , a re  m a n y  re s e a rc h  a n d  s tu d y  c o n tra c to r s ,  in c lu d -  
in g  su ch  w e ll-k n o w n  o rg a n iz a t io n s  as L o c k h e e d , M a ssa c h u se tts  I n s t i tu te  o f  
T e c h n o lo g y , a n d  U n io n  C a rb id e  & C a rb o n .

F in a lly , to  p ro v id e  te c h n ic a l  d i r e c t io n  fo r  th e  e n t i r e  p ro g ra m , th e  R a m o - 
W o o ld r id g e  C o rp o ra t io n  is o n  c o n tr a c t  as a n o n h a rd w a r e - p r o d u c in g  p a r tn e r  
o f  th e  A ir  F o rce . R a m o -W o o ld r id g e  is a  re la t iv e ly  n e w  b u t  e x tre m e ly  w ell- 
q u a lif ie d  e n g in e e r in g  a n d  sc ie n tific  c o n tr a c to r ,  w h o se  G u id e d  M iss ile s  R e 
se a rc h  D iv is io n  p ro v id e s  th e  in te g ra t io n  a n d  c o o r d in a t io n  o f  th e  a c t iv it ie s  
o f  a ll s e p a ra te  c o n tra c to r s  c o n t r ib u t in g  to  th e  p ro g ra m .

S u b c o n tra c t in g  ra n g e s  f ro m  b e a r in g  m a n u fa c tu r e r s  to  e le c tr ic  in s t r u m e n t  
c o m p a n ie s , f ro m  v a lve  p ro d u c e rs  to  fo u n d r ie s , f ro m  u n iv e rs i t ie s  to  m a c h in e  
sh ops. T h e  re so u rce s  o f  e x p e r ts  in  ev ery  n ecessa ry  sk ill h a v e  b e e n  ta p p e d  fo r  
th e  e x a c t in g  re q u ir e m e n ts  in  p o i n t  o f  t im e  a n d  a cc u rac y . B e y o n d  th e se  tw o  
h u n d r e d  firs t- tie r  s u b c o n tra c to rs ,  a n d  d o w n  th e  s u b c o n tr a c t  c h a in , a re  th e  
m y ria d  s u p p lie r s  a n d  v e n d o rs , p r o d u c in g  to  t ig h t  s c h e d u lc s  a n d  in  m a n y  
in s ta n c e s  e n d e a v o r in g  to  m e e t s im u lta n e o u s  d e m a n d s  o f  se v c ra l b a ll is t ic  
m iss ile  c o n tra c to rs  fo r  c r i t ic a i m a te r ia l  o r  e q u ip m e n t  f ro m  h ig h ly  sp e c ia liz e d  
b u t  l im ite d  p ro d u c t io n .

Industrial Facilities
T h e  a d v e n t  o f th e  b a ll is t ic  m iss ile  has p la c e d  a n ew  im p a c t o n  in d u s t r ia l  

fac ilitie s , b o th  c o n tra c to r -o w n e d  a n d  G o v e rn m e n t-o w n e d . T h e  r e q u ir e m e n ts  
fo r  th e  h ig h e s t p o ss ib le  d e g re e  o f  r e l ia b i l i ty  a re  p a r a m o u n t  a n d  in h e r e n t  to  
th e  e v e n tu a l  success o f th e  b a llis tic  m iss ile  as a n  o p e r a t io n a l  w e a p o n  system . 
T h i s  d e m a n d s  m o re  e x a c tin g  m a n u f a c tu r in g  a n d  p r o o f te s t in g  o f a ty p e  a n d  
scale n o t e n c o u n te re d  in  th e  p r o d u c t io n  o f  m a n n e d  a ir c r a f t .  A d d i t io n a l  
q u a n t i t ie s  o f  p re c is io n  m a c h in e  to o ls  h a d  to  b e  m a n u fa c tu r e d ,  a h u g e  a m o u n t  
o f new  la b o ra to ry  a n d  te s t e q u ip m e n t  h a d  to  b e  c re a te d , a n d  a n  e n t i r e ly  n ew  
fam ily  o f c o n tr a c to r  a n d  G o v e r n m e n t  te s t c o m p le x e s  h a d  to  b e  u t i l iz e d  in
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te s t in g  e n t i r e  system s a n d  in d iv id u a l  c o m p o n e n ts . M o st o f  th e  m a jo r  cor- 
p o r a t io n s  p a r t ic ip a t in g  in  th e  b a ll is t ic  m iss ile  p ro g ra m  h av e  ch o sen  to  segre- 
g a te  th e i r  b a ll is t ic  m iss ile  a c tiv it ie s  b y  e s ta b l is h in g  se p a ra te , e sse n tia lly  a u to n o -  
m o u s  d iv is io n s , a n d  h a v e  b e e n  o r  a re  in  th e  p ro cess  o f  b u i ld in g  n ew  p la n ts  
to  h o u se  th e m .

T h e  m a g n i tu d e  o f  th e  im p a c t  o f th e  b a ll is t ic  m iss ile  p ro g ra m  o n  
in d u s try  a n d  o n  in d u s t r ia l  fa c il i t ie s  c an  b e  b e s t e x p re s se d  s ta tis tic a lly . F ro m  
la te  1954 in to  1957 th e  A ir  F o rc e  h a s  p ro v id e d  c o n tra c to r s  p a r t ic ip a t in g  in  
th e  p ro g ra m  w ith  in d u s t r ia l  fa c il i t ie s  a m o u n t in g  to  $154,000 ,000 . T h is  figu re  
e x c lu d e s  in v e s tm e n ts  a t  te s t sites. By J u ly  1957 th e  in d u s t r ia l  fa c ility  in vest- 
m e n t  a p p r o a c h e d  $200 ,000 ,000 . C o n tr a c to r s  h a v e  a lso  m a d e  s u b s ta n t ia l  in 
v e s tm e n ts  a n d  h a v e  s p e n t  a b o u t  $ 10 0 ,000 ,000  o f th e i r  o w n  fu n d s  fo r  in d u s tr ia l  
fa c il i t ie s  d u r in g  th e se  th re e  y ears . M o st o f  th e  fu n d s  p ro v id e d  by th e  A ir  
F o rce  h a v e  b e e n  s p e n t  fo r  m a c h in e  to o ls  a n d  r e la te d  p r o d u c t io n  e q u ip m e n t ,  
fo r  la b o ra to ry  a n d  te s t e q u ip m e n t ,  a n d  fo r  te s t  s ta n d s  lo c a te d  in  th e  v ic in ity  
o f  c o n tr a c to r s ’ p la n ts .  I n c lu d e d  in  th e  c o n tr a c to r s ’ in v e s tm e n t  a re  seven  n ew  
p la n ts  b u i l t  to  s u p p o r t  th e  b a ll is t ic  m iss ile  p ro g ra m .

I n  th a t  p ro g ra m , m o re  th a n  in  o th e r  d e fe n s e  p ro g ra m s , th e re  h as b e e n  a 
d e m a n d  fo r  h ig h ly  sp e c ia liz e d  fa c il i t ie s  th a t  w o u ld  b e  o f  n o  v a lu e  to  a 
c o n tr a c to r  fo r  o th e r  w o rk . D e fe n se  c o n tr a c to r s  n o rm a lly  a re  u n w i l l in g  to  
in v e s t la rg e  a m o u n ts  o f  th e i r  o w n  c a p i ta l  u n d e r  su ch  h ig h -risk  c ircu m stan ce s .

View of rocket propul- 
sion engine test stand, 
Aerojet-General Corpora
tion, at Azuza, Califórnia.
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M an y  o f  th e m  e x p e c t th e  G o v e rn m e n t to  p ro v id e  a ll  o r  a m a jo r  p o r t io n  o f 
th e  r e q u ir e d  fac ilitie s . Y et th e  G o v e rn m e n t  h as  p ro v id e d  to  th e  to ta l  o f  a ll 
c o n tra c to rs  in  th e  b a ll is t ic  m issile  p ro g ra m  a s m a lle r  d o l la r  a m o u n t  o f  i n 
d u s tr ia l  fac ilitie s  th a n  w as p re v io u s ly  p ro v id e d  a s in g le  A ir  F o rce  c o n tr a c to r  
fo r  fac ilitie s  in  s u p p o r t  o f  a n  a i r c r a f t  e n g in e  p ro g ra m . C o n tr a c to r  in v e s tm e n t , 
as p re v io u s ly  sh ow n , h as b e e n  s u b s ta n t ia l ,  in  s p i te  o f  th e  fac t th a t  th e  w o rk  
to  d a te  has b e e n  p r in c ip a l ly  d e v e lo p m e n ta l  a n d  th a t  n o  c o n tr a c to r  h as  
c o m p le te  a ssu ran ce  h e  w ill be  g iv e n  a  c o n tr a c t  fo r  q u a n t i ty  p r o d u c t io n .  
P ro g ra m  p r io r i ty  re d u c e d  a d m in is t r a t iv e  le a d  tim e  in  th e  p ro c e s s in g  o f  c o n 
t r a c to r  fa c ilitie s  req u es ts . I t  h as  n o t  r e d u c e d  th e  r e q u ir e m e n t  to  ju s ti fy  
G o v e rn m e n t-fa c i li t ie s  a ssis tan ce . O n  th e  c o n tra ry , th e  B a llis tic  M issile  D iv i- 
s io n —B allis tic  M issiles O ffice— R a m o -W o o ld r id g e  c o m p le x , as th e  r e s u l t  o f  
p ro g ra m  p r io r i ty ,  rev iew s v ery  c a re fu lly  e a c h  r e q u e s t  fo r  G o v e r n m e n t  a s 
sis tan ce  a n d  r e q u ire s  d e ta i le d  ju s ti f ic a tio n  p r io r  to  g r a n t in g  su ch  a ss is tan ce .

Comparison with Conventional Aircraft
W e  h a v e  e s ta b lish e d  a  s u b s ta n t ia l  in d u s t r ia l  c a p a b i l i ty  w h ich  c a n  p ro d u c e  

th e  b e s t e n g in e e re d  w e a p o n s  th a t  o u r  te c h n ic ia n s  a n d  in d u s t r ia l  c o m p le x  can  
p ro v id e . O f  co u rse  th e  r e q u ir e m e n t  to  se c u re  th e  e a r l ie s t  p o ss ib le  ta c tic a l 
c a p a b il i ty  h as  d ic ta te d  th is  a p p ro a c h . W e  h a v e  a tim e -c o m p re ss io n  s i tu a t io n  
n o t  d u p l ic a te d  in  o u r  p re v io u s  e x p e r ie n c e  w ith  m a n n e d  a ir c r a f t .  W ith  th e  
m a n n e d  v e h ic le  w e h a v e  th e  o p p o r tu n i ty  o f  a m a ss in g  a la rg e  n u m b e r  o f  te s t 
h o u rs  a n d  d a ta . W ith  th e  b a ll is t ic  m iss ile  o n ly  a few  m in u te s  a re  a v a i la b le  to  
secu re  te s t d a ta  since  th e  m iss ile  is d e s tro y e d . T h u s  w e m u s t c o m m it to  
p r o d u c t io n  s u b s ta n t ia l  q u a n t i t i e s  o f  m a te r ie l  b e fo re  c o n c lu s iv e  te s t re s u lts  
a re  a v a ila b le .

As sp eed s  in c rease , m a n ’s n a tu r a l  l im i ta t io n s  fo rce  u s  to  in c re a s in g  de- 
p e n d e n c e  o n  e le c tro n ic  C ontro ls. T h e  c o m m a n d e r  o f  a  m a n n e d  a i r c r a f t  is 
b e c o m in g  m o re  o f  a " C h a ir m a n  o f  th e  B o a r d ,” th e  B o a rd  b e in g  a c o n tro l  
b o a rd  fu ll o f  e le c tro n ic  d ev ices. W ith  th e  g u id e d  m iss ile  th e  m a n  h as b e e n
p u l le d  o u t  o f  th e  p la n e  a n d  h is c o c k p it  is o n  th e  g ro u n d . A n ew  z e n i th  o f
th e  t r e n d  a p p e a r s  in  th e  b a ll is t ic  m iss ile . H e re  m a n  a n d  h is  c o n tro l  b o a rd  
a im  th e  m issile  a t  its  in te n d e d  ta rg e t . V ir tu a l ly  f ro m  th a t  p o in t  o n , a h i t  
o n  th e  d is ta m  ta rg e t  d e p e n d s  o n  e le c tro n ic  re so u rc e s  w ith in  th e  w e a p o n . 
M an , a l th o u g h  h a n d ic a p p e d  by a n a r ro w  e n v ir o n m e n ta l  to le ra n c e , h a s  a h ig h  
r e l ia b il i ty  fa c to r  a n d  th e  p o w e r  to  re a so n . D u p l ic a t in g  th is  r e l ia b i l i ty  a n d
re a so n in g , in  te rm s  o f  r e a c tio n , in  m a te r ia is  a n d  e le c tro n ic s  is a n  aw eso m e
a ss ig n m en t. Q u a li ty  a n d  system s r e l ia b i l i ty  m u s t b e  stressed .

O b v io u s ly  w ith  su ch  h ig h  g o a ls  o f  r e l ia b i l i ty  a n d  q u a l i ty  a c c o m p a n ie d  
by th e  p e c u lia r  s tra in s  a n d  s tresses p la c e d  o n  th is  ty p e  o f  m iss ile , a d v a n c e d  
m a n u fa c tu r in g  te c h n iq u e s  m u s t be  d ev ised . T h i s  im p a c t, n o t  c o m m o n  w ith  
c o n v e n tio n a l a irc ra f t ,  is b e in g  m e t by in d u s try  in  d e s ig n , a p p l ic a t io n ,  m e ta l-  
lu rg y , m e ta l w o rk in g , c irc u i try , a n d  to o lin g .

A p ro g ra m  o f  th is  m a g n i tu d e  a n d  c o m p le x ity  w ill g e n e ra te  c o m p e t i t io n  
fo r  m a te r ia is , p a rts , a n d  e q u ip m e n t .  T h e  g re a t  im p a c t is o n  lo w e r  p r io r i ty
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p ro g ra m s  c o m p e t in g  fo r  th e  m a te r ia l  le f t  a f te r  th e  h ig h e r  p r io r i ty  n eed s  
h a v e  b e e n  sa tisfied . T h i s  c o u ld  le a d  to  sh o rta g e s  in  o th e r  A ir  F o rce  p ro je c ts , 
b o th  in  p r o d u c t io n  a n d  fie ld  s u p p o r t .  T o  p r e v e n t  th is , c o n tra c to rs  o n  lo w er 
p r io r i ty  p ro g ra m s  m u s t s u b m it  r e q u e s ts  fo r  p r io r i t ie s  ass is tan ce  to  th e  
g o v e rn m e n t  to  p ro v id e  th e  n e e d e d  m a te r ia l  d e liv e ry . B a llis tic  m issile  c o n 
t r a c to r s  a re  a lso  b e in g  l im i te d  in  a c q u ir in g  m a te r ia is  to  a m in im u m  ra te  
c o n s is te n t  w ith  th e i r  d e liv e ry  sc h e d u le .

A n o th e r  n a t io n a l  re s o u rc e  s u b je c t  to  im p a c t  is m a n p o w e r . In  J u ly  1957 
a p p r o x im a te ly  40,000 p e o p le  w e re  e m p lo y e d  in  th e  p r im e  c o n tr a c to r s ’ p la n ts  
fo r  th is  p ro g ra m . T h i s  is a n  a re a  less se n s itiv e  to  p r io r i ty  r a t in g s  a n d  
d ire c t iv e s  b u t  m o re  re a c tiv e  to  c o m p a n y  p o licy  a n d  sk ill a v a i la b il i ty . C on- 
s id e r in g  th e  c o m p le x ity  o f  a w e a p o n  o f  th is  k in d ,  it  is u n d e r s ta n d a b le  th a t  a 
p r o p o r t io n a te ly  la rg e  p a r t  o f  th e  m a n p o w e r  m u s t b e  d e v o te d  to  e n g in e e r in g . 
T h e  c o m p e t i t io n  fo r  e n g in e e r in g  a n d  sc ie n tific  sk ills  is f u r th e r  c o m p o u n d e d  
by  th e  sp e e d  n ecessary  in  m a n n in g  th e  p ro g ra m . As d e v e lo p m e n t b reak - 
th ro u g h s  o c c u r, th ey  m u s t b e  q u ic k ly  e n g in e e r e d  in to  th e  d e s ig n . A t th e  
sam e  tim e  p r o d u c t io n  p e o p le  m u s t in c o r p o ra te  th e  c h a n g e s  in to  th e  p ro d u c t  
w ith  th e  le a s t p o ss ib le  d e la y . A g a in  tim e  is th e  c ru c ia l e le m e n t.

P a rt  I I :  F ro m  an  A ir fr a m e  M a n u fa c tu re F s  V ie w p o in t

The Martin Company

On first exam ination  it appears th a t the im pact of the ballistic m issile 
on the a irfram e  industry  would necessitate little change in m anpow er or 
facilities. However the efficient p roduction  of the ballistic m issile requires 
m ethods, techniques, and  engineering  concepts not previously encountered 
by the a irfram e  m an u fac tu re r. T his im pact becomes evident only when the 
en tire  concept o f the ballistic m issile is com pared to th a t of the m anned 
a irc ra ft.

T he m ilitary  a irc ra ft has evolved from  eng ineering  knowledge and new 
concepts of m an u fac tu rin g  in to  a h ighly com plex w eapon system com posed 
of m echanical, electronic, s tru c tu ra l, and  electrom echanical subsystems and 
com ponents. Its weight em pty  can be as m uch as fifty p e r cent of its take-off 
w eight. Most of the elem ents that m ake up  the system are  designed to be 
d irectly  opera ted  or con tro lled  by m en— at least the crew of the a ircra ft can 
m o n ito r th e  perfo rm ance  o f the subsystem s. T he m ilitary  a irc ra ft is designed 
fo r  repeated  use, with provisions fo r  m ain tenance and repa ir between mis- 
sions. I t is also designed fo r opera tion  with o ther a irc ra ft— thus the fa ilu re 
o f one a irc ra ft in a flight usually does no t com pletely abort a given mission.

A ballistic m issile is also a highly com plex weapon system composed of 
the sam e basic elem ents as a m anned  a irc ra ft. In fact, w ithout the engineer
ing know ledge and m an u fac tu rin g  skills developed fo r the production of 
m anned  a irc ra ft, the evolution to m issiles would not be possible. But the 
ballistic m issile is significantly d ifferen t in som e respects. Its weight em pty 
should not exceed ten p er cent of its take-off weight (n inety  per cent m ust 
be devoted to fu e l) . T he subsystem s o f a ballistic missile cannot be directly
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controlled or m onitored by m an. The ballistic m issile is a one-shot w eapon—  
it e ither functions properly or the mission is aborted  and  an  expensive vehicle 
is a to tal loss. T herefore the need fo r ex trem e reliability  becomes the key 
to the success of any ballistic missile.

R e lia b il i ty  a M u s t

The dem and fo r extrem ely reliable com ponents and  subsystem s in the 
ballistic missile has its m ost obvious efifect on the personnel requ irem ents of 
the a irfram e m anufactu rer. T hese requ irem ents show a change in th ree  
respects. T he general levei of technical know ledge th roughou t the organiza- 
tion m ust be of the h ighest; the d istribu tion  of teehnieally tra ined  people 
between engineering, m anufactu ring , and testing functions shows a m arked  
change; and the total nu m b er of people requ ired  to produce a ballistic m is
sile is slightly less than that required  to produce a m anned  a ircra ft.

T he reliability requ irem ents of the ballistic m issile affect every item 
that goes into the final product from  the sm allest bolt to the m ost com plex 
guidance system. The im plications of any variation from  quality  standards 
m ust be recognized by every individual in the o rgan ization— designer, ma- 
chinist, inspector, assem bler, and test eng ineer— and  requ ire  g rea ter techni- 
eal skill and knowledge in each individual. This dem and fo r g rea ter technical 
quaiifications has been gradually  increasing as the com plexity of a irb o m e 
vehicles has increased. The transition from  m anned a irc ra ft to ballistic mis
siles increases the dem and alm ost as m uch as the transition  from  wood-and- 
fabric to m etal airplanes.

T he greater techniral «kill and knowledge of each individual in the 
organization naturally  tend to reduce the total num ber of people required  
to do the job. Here again reliability  plays a p art. By redueing the num ber 
of people concem ed with a p articu la r item , the chances of m ain ta in ing  its 
reliability are increased th roughout the p roduction  process.

T he th ird  point of im pact of m issile production  on the a irfram e or- 
ganization s personnel is in the d istribu tion  of people between eng ineering  
and testing functions and m anufac tu ring  operations. T he h igher speeds, new 
environm ents, and g reater reliability  of the ballistic m issile will requ ire  a 
higher percentage of engineering effort, at least until lhe art of missile pro 
duction becomes as fam ilia r to us as the production  of m anned a ircra ft.
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T he im pact of lhe ballistic m issile on a irfram e m anufactu ring  facilities 
can be illustra ted  m any ways. T he m achine tools used to produce m anned 
a irc ra ft a re  also used fo r m issiles. However, since ninety per cenl of lhe 
ballistic m issile’s take-off weight is devoted to fuel tankage, there is an 
increase in facilities fo r welded sheet-m etal construction . T he reliability  of 
the tankage is a function  of the design, the quality  of the m aterial, the 
nu m b er o f jo in ts, and the finish of the m etal. T hus the facilities fo r heat- 
treating , p la ting , and cleaning large sheet-m etal un its have increased. The 
need fo r autom atic welding and  nondestructive testing equipm ent is also 
g rea ter in a missile p roduction  p lan t. B ut basically the ballistic m issile only 
requ ires closer tolerances and  m ore a tten tion  to reliability  factors th roughout 
the m anufac tu ring  process.

T e s t in g

In  the field of testing , the ballistic m issile dem ands facilities not 
requ ired  by the production  of m anned  a irc ra ft. F or convenience let us 
consider th ree  basic types of testing— laborato ry , captive, and flight testing.

T he laboratory  test facilities fo r ballistic missiles m ust be equipped  to 
sim ulate environm ents whose characteristics are  still con jectu ral. M aterials, 
com ponents, and  subsystem s m ust be subjected  to extrem es of tem peratu re , 
p ressure , acceleration, rad ia tion , and  shock. These conditions and the re
liability  requ irem en ts create a fo rm idab le  quality  contro l p roblem  fo r the 
laboratories. Com pletely new facilities m ust be constructed .

T he captive, or field, test facilities fo r ballistic missiles are  of course 
vastly d ifferen t from  those requ ired  fo r m anned  a irc ra ft. No a irstrips are 
needed fo r taxi tests, bu t captive test stands capable of sim ulating  all launch 
conditions and  lim ited flight conditions m ust be available. T he instrum enta- 
tion requ ired  to test a ballistic m issile is fa r  g rea te r than  that fo r a m anned 
a irc ra ft. T he n a tu re  of the m issile and its behavior defy the d irect hum an  
observation which is so valuable in the testing o f conventional a ircra ft. In 
fac t test personnel m ust be protected  in concrete structu res at som e distance 
from  the test firing . Yet the reliability  requ irem en ts of the m issile dem and 
closer contro l of test conditions and m ore data record ing  than  the ground 
testing of m anned a irc ra ft. T he ballistic m issile also m ultip lies the noise- 
suppression  problem  a hund red fo ld . T he developm ent of effective noise 
suppressors fo r jet engines is progressing  rapid lv  but it will be years before 
a suppresso r will be developed fo r the trem endous blast of a ballistic m issile^ 
rocket engine.

T here  are  new problem s in the hand ling  o f fuels in the test areas. We 
have been hand ling  gasoline fo r years, and the safety precautions have 
become rou tine . The hazards in hand ling  missile fuels and oxygen supplies 
are new and quite d ifferen t in m any respects. New facilities fo r the safe 
storage and hand ling  of large volum es of these m ateriais  m ust be constructed.

T he production of a ballistic m issile obviates the need fo r any m anu- 
fa c tu re r’s flight-test facilities. T he Air Force Missile Test Center, with its 
range over the A tlantic, is the only available flight-test facilitv fo r long-range 
m issiles. This is in contrast to the desirability  of having a flight-test facilitv 
ad jacen t to the m an ufac tu ring  opera tion  fo r m anned  a ircra ft.

In  general, then , it can be said th a t the im pact o f the ballistic missile 
on the a irfram e  industry  expresses itself in the need fo r m ore highly skilled 
and technically tra ined  personnel, m ore exacting contro l of m anufactu ring
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processes, and more com plex testing facilities. This effect is certainly  con- 
sistent with lhe effects of all technical advances. As we gain lhe knowledge 
to conceive (and  increased ability Io construçt) m ore technically com plex 
products, ou r need fo r such skill, knowledge, and  products increases by 
geom etric progression.

P a rt I I I :  F ro m  a R o c k e t  E n s in e  P ro d u c e r ’s V ie w p o in t

Rocketdyne Division, North American Aviation Company

T he developm ent and  production  of h igh-thrust p ropulsion  Systems fo r 
ballistic missiles have created an industry  a t once sim ila r and  dissim ilar to 
those producing conventional reciprocating and tu rb o je t engines. Producers 
of rocket engines have built th e ir industry  with eng ineering  and  m anufactu r- 
ing skills essentially the sam e as those used in the p roduction  of o ther 
engines. But the engine itself— the h igh-thrust, liqu id-prope llan t rocket—  
has created unique developm ental and testing  problem s and has dem anded 
concentrated effort to advance the State o f the art.

W ith rocket engines the developm ent eng ineer faced a p ropulsion  
system em ploying a liquid ra th e r  than  a gaseous oxidizer fo r  com bustion. 
More im portan t, his engine was requ ired  to produce 100 to 1000 tim es the 
th rust of conventional engines of com parable size and  weight. At th e  sam e 
tim e his engine was requ ired  to operate  th rough  errorless, au tom atic  se- 
quences fo r b rie f durations. These factors created  testing requ irem en ts th a t 
dem anded new concepts in facilities and  m ethods.

E n g in e  R e lia b i l i ty

The developm ent eng ineer early encountered  reliab ility  problem s that 
varied substantially from  those encountered  with conventional engines. Bal
listic missiles dem anded that the engine s ta rt w ithout e rro r and  operate  
autom atically , ra ther than  th a t it run  fo r thousands of hours a f te r  it s tarted . 
Also it was ap p aren t th a t this reliability  had to be achieved largely th rough  
testing at the m an u fac tu re r’s p lan t ra th e r than  th rough  Service use o f the 
engine in operational vehicles.

W ith conventional reciprocating  engines, fo r  exam ple , crews can run  
up an engine on the g round as o ften  as necessary to gain p ro p er operation . 
Failure of the engine to sta rt the first, second, o r th ird  tim e the s ta rte r  bu tton  
is pushed usually produces no m ore of a troub le  repo rt than  a swear word 
by the m echanic. Early coughs and spu tters also go un rep o rted  if the engine 
clears and develops fu ll power within a few m inutes. M inor ad justm en ts, such 
as plug changes, also fali in the category of u n repo rted  incidents unless they 
develop a p a ttem  of frequency. Should the engine fail du rin g  ru n u p  p rio r 
to take-off, the pilot can taxi back to the flight line fo r service. W hile this 
could abort a m ilitary m ission, such a fa ilu re  in tran sp o rt o r liaison flying 
results in nothing more serious than  a delayed take-off.

For the ballistic m issile the rocket engine m ust s ta rt and  operate  
sm oothly and develop full th rust w ithin Iess than  a second a f te r  the start 
button is pushed. Any m alfunction  d u ring  the sta rt or bu ildup  of th ru st could
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destroy bolh lhe engine and the m issile. F u rtherm ore  the only preflight 
checks lhat probably  can be m ade by the ground crew will be electrical, 
hydrom atic, and  pneum atic checkouts m ade with sim ulated test equipm ent. 
It may well be im practical to ru n  the engine w ithout flying the missile.

In  a ballistic m issile any m alfunction  of the  power p lan t, which m ust 
be com pletely autom atic , since there  is no p ilot, will cause an abort and loss 
of the m issile. In a m ultiengine m issile the  m alfunction  of any one of the 
engines will cause the loss of the com plete missile. W here a conventional 
engine m ust run  m any hours on a single flight and is expected to operate 
over and  over again fo r thousands of hours before the engine is overhauled, 
the engine fo r the ballistic m issile m ust operate only in durations m easured 
in seconds and  m ust fly only once.

T hese com parisons point out the  differences in the  n a tu re  of the relia- 
bility problem  fo r the rocket engine com pared to the conventional aircraft 
engine. S im ilar differences exist in testing.

Conventional engines norm ally are run  fo r a large num ber of hours in 
test cells to develop sufficient endurance capability  fo r safe operation in an 
a irp lane . A dditional reliabilitv  is developed during  flight tests. At a rea- 
sonably early date  in their developm ent, engines are installed in substantial 
num bers of a irc ra ft to develop m any hours of Service operation  w ithin a

Rocket propulsion test stand, Rocket Propulsion Laboratory, Santa Susana Moun- 
tains, Rocketdyne Division, North American Aviation, Canoga Park, Califórnia

V
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relalively shorl period of tim e. This safely serves as an excellent m eans of 
uncovering design and m anufaelu ring  “ bugs.”  As the Service hours build 
up, a steadv stream  of reports flows baek to the engine m an u fac tu rer. In the 
vast m ajority  of m alfunctions the engine is available fo r analysis by the 
user and the m anufactu rer. This in fo rm ation  is invaluable to the engine 
developer in evolving the reliability  desired in his product.

W ith rocket engines, feedback fro in  service use is extrem ely lim ited. 
While they may be subjected to num erous sim ulated ground checks, rocket 
engines fly onJy once. And the engine is alm ost never available fo r analysis 
a fte r flight w hether it m alfunctioned  or not.

In  view of these considerations it was evident th a t the reliability  of 
liquid-propellant engines had to be developed by the m an u fac tu re r th rough  
extensive testing on static stands. W ith the pressure im posed upon the bal- 
listic missile program  to achieve operational dates as early as possible, it 
also became apparen t that this testing had  to be carried  out with a m inim um  
of elapsed tim e.

As a result new statistical techniques were developed to m inim ize the 
num ber of tests required to achieve a given reliability  with a given confidence 
levei. By varying m any param eters of the test sim ultaneously to off-design- 
condition operating points, fa ilu res were induced m ore rapidly . These 
m ethods appreciably reduced the nu m b er of tests that were necessary.

T est F a c ilitie s

One of the first problem s faced by industry  in the  developm ent of 
propulsion units for ballistic missiles was the design and  construetion  of 
suitable test facilities. T he requ irem en ts fo r opera ting  and  testing these 
engines have resulted in the construetion  of eom pletely new test facilities 
differing radically in design concept and scope from  those fo r a ircra ft 
engines. The first characteristic of the engine affecting the test facilities is 
its size. Developing th rust in the o rder of 100 to 1000 tim es that developed 
by conventional engines, rocket engines requ ire  test strue tu res of massive 
proportions and create m ajo r civil and struc tu ra l eng ineering  design 
problem s.

One of the most severe problem s in the design of these test stands has 
been the handling of the flam e a fte r  it leaves the engine nozzle. Missile 
engines are started and tested in a vertical position. E xhaust flames are  75 
to 100 feet long. Early test stands were designed to hang  engines over the 
side of a cliff, providing about 100 feet of free d rop  fo r the hot gases. 
Even at these distances, however, the flam e cut out ground  and concrete at 
the rate of an inch or m ore p er run .

To rem edy this, the flame deflector was developed to tu ra  the flam e 
approxim ately 90° alm ost im m ediately a f te r  it left the nozzle of the rocket 
engine. The flame deflector consists o f a large steel elbow cooled by large 
quantities of water. T hanks to it, test stands are  now built m uch sm aller, 
sim pler, and m uch less expensively than  before, m aking  it practical to build 
sufficient num bers for extensive and rap id  reliability  testing.

In the testing of conventional, a ir-b reath ing  engines— both piston and 
turbojet a m ajor portion  of the facilities is involved in the ap p ara tu s to 
provide the quantities of a ir requ ired  to run the engines. This equ ipm ent 
beeomes quite large and com plex as the size of the engines increases and as
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il becomes necessary to sim ulate the tem peratu res and densities encountered 
at high altitudes.

None o f that type of equ ipm ent is requ ired  in rocket-engine testing, 
bu t test stands m ust provide tankage and associated feed systems fo r both 
liquid oxidizer and  fuel. T he flow rates of both propellants are so large—  
m easured in thousands of gallons p e r m inute— that the sudden starting  and 
stopping  of these trem endous flows create fluid dynainic transients that can 
m aterially  affect the operation  of the engine. T he test apparatu s m ust ap- 
p rox im ate the configuration  of the m issile in the size and the location of 
the p ropellan t run  tanks and of the p ropellan t feed-system p iping.

Even though the engine operates fo r only a few seconds at a tim e, 
large quan tities of p ropellan ts are consum ed. Each test entails the supply 
and hand ling  of extensive quan tities of p ropellan ts. T he quantity  of liquid 
oxygen requ ired , fo r instance, soon exceeds th a t available from  com m ercial 
sources. For this reason plants to produce considerable quantities of liquid 
oxygen have been built in the im m ediate vicinity of rocket-engine testing 
facilities.

S im ila r i t ie s  a n d  D iffe r e n c e s

A lthough some un ique production  problem s have been encountered 
with the rocket engine, most have been conventional. Many of the parts for 
the rocket engine are quite d ifferen t from  conventional engines, but produc 
tion m ethods and m achinery have been developed th rough  conventional 
industria l eng ineering  and tool eng ineering  practices. In  som e cases these 
have involved the use of new m ateriais and the developm ent of new welding, 
fo rm ing , and processing techniques. G enerally the work has been w ithin the 
scope o f existing technologv and m an u fac tu rin g  skills. Tolerances and 
quality  requ irem en ts on certain  parts have been severe but w ithin the scope 
of good a irc ra ft and engine practices.

P rim arily  affecting production  operations has been the un ique require- 
m en t th a t p erfo rm ance param eters of the rocket engine be held within very 
narrow m axim um  and m inim um  tolerances. Conventional engines m ust m eet 
only a m in im um  perform ance requ irem en t. ith a conventional engine the

Liquid oxygen plant, Aerojet-General Corporation, Azuza, Califórnia
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user is only inieresled in assuring hiruself lhat lhe engine will develop a 
given power with a fuel consum ption less than  a specified am ount while 
certain o ther m ininium  requirem ents are m et. Perfo rm ance exceeding lhese 
requirem enls, even by a large m arg in , is a bonus and users seldom  com plain.

In  a ballistic missile, however, excess power can cause lhe m issile to 
follow a different ballistic trajectory  o r otherwise produce m issile p er
form ance fo r which the guidance and control System cannol correct.

A nother very severe problem  for the production  organization  in the 
rocket-engine fíeld has been that of producing  the large am ounts of experi
m ental hardw are fo r the fast-m oving developm ent p rogram s. Such hardw are, 
designed fo r short du ration  in o rder to m inim ize weight and m axim ize p er
form ance, is subject to high a ttrition . In  developm ental testing it is no t at 
all unusual to wear out com ponents that would never wear ou t in Service 
use. Secondlv, m uch of the developm ental and  reliab ility  testing on the 
engine is done under operating  conditions purposely in tended  to induce 
m alfunction. W ith the trem endous leveis of power being developed in such 
lightweight com ponents, there is a h igh probability  of considerable dam age 
when fa ilure  does occur. T h ird ly , there is a h igh  levei of obsolescence of 
parts during  the developm ent phase, where the very purpose of the test- 
evaluate-redesign-fabricate-test cycle is to evolve quickly the necessary de- 
sign changes. Large quantities o f experim en tal hardw are m ust be produced 
in a m inim um  of tim e to support the developm ental and reliability  testing 
program .

T he problem  of production  is fu r th e r  com plicated by the accelerated 
schedule of the ballistic m issile p rogram . P roduction  m ust be carried  on 
concurrently  with developm ent. This m eans that ex trao rd inary  techniques 
m ust be adopted by the m an ufac tu ring  organization  to hand le the large 
num bers of production changes th at result from  concurren t developm ent 
and p roduct im provem ent.

P a rt IV : F ro m  the E le c t r o n ic  In d u s try ’s V ie w p o in t

An Electronic Industry Syrnposium

T he ballistic missile p rogram , superim posed  on an already rapidly  ex- 
panding electronic industry , has created an  added im petus to expansion in 
specific fields. The urgency of the p rogram  dictated the need fo r com- 
pressing norm al research and developm ent tim e cycles to the barest m in i
m um . D evelopm ent tim e has been reduced from  years to m onths in all 
areas of engineering effort. G reat strides were requ ired  alm ost im m ediately 
in the State of the art as it applies to adap tation  and im provem ent of existing 
equipm ent and the developm ent of new equipm ent and m ateriais to m eei the 
environm ental conditions, high reliab ility  standards, and accuracy requ ire 
m ents. The need fo r highly com plex ground and m issile-borne equ ipm ent 
to ensure the accuracy o f the ballistic trajectory  of the m issile has created a 
challenge which is presently being m et by the electronic industry .

Possibly the greatest challenge to lhe industry  is the need fo r develop- 
ing and m anufactu ring  electronic equipm ent capable of continuous, accurate 
perform ance under the extrem ely harsh environm ental conditions in ballistic
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m issile operations. Acceleration, a ltitude, speed, v ibration , heat, and other 
environm ental requirem ents are radically d ifferen t than  those we have had 
to cope with in o ther m ilitary  program s.

These diffícult operational requ irem en ts and the high accuracy and re- 
liability requirem ents u n d e r which the m issile m ust operate m ean that an 
extensive test program  m ust be established. This has been done and testing 
of electronic equipm ent is presently  going on. T he test p rogram  has had a 
sign ifican t im pact on  the m anufac tu rers of test equipm ent. Many small 
com panies producing  telem etering  equipm ent, v ibration equipm ent, and 
o th er standard  and special com ponents of environm ental test equipm ent 
ha ve suddenly  found the dem and fa r  beyond their ability to produce. They 
have rallied valiantly, and  principally  th rough  th e ir own efforts these prob- 
lems are  heing m et and  the program  has continued  witliout delay.

T he accelerated research and developm ent requ ired  by the ballistic 
m issile p rogram  have to a lim ited degree necessitated new m anufactu ring  
processes and created dem ands fo r new m ateriais. They have greatly in- 
creased the need for item s such as transistors and diodes. This is particu- 
larly true in  Computer design and p roduction . Because of the extrem ely 
criticai accuracy requ irem ents the rejection  rates fo r certain  types have been 
very h igh, so th a t production  rates have had to be increased to ensure an ade- 
quate  yield. At the saine tim e w ork has continued  to im prove the product 
and  also lower the cost.

To m eet the developm ent schedules fo r electronics, it has been necessary 
to provide certa in  facilities. T hese facilities generallv fali in the categorv 
o f long-lead-tim e tools and test equ ipm en t that are  im m ediately required  to 
su p p o rt the environm ental test p ro g ram . It is conceivable that the program  
m ight have suffered serious delay had  not a great num ber of facilities items 
been readily  available from  G overnm ent inventories earlv in the program .

I\o Great Effect
T h e ballistic m issile p rogram  has not as yet had any great effect on 

the over-all p roduction  capacity of the electronic industry . In term s of the 
national average, requ irem ents a re  sm all. T he add itional productive eflfort 
a ttr ib u tab le  to this p rog ram  is easily absorbed by existing industry . As indi- 
cated ea rlie r, there  has been a tem porary  effect on the portion  of the in 
dustry  th a t m anufactu res test equ ipm ent. This was caused by the need fo r 
sign ifican t quantities of equ ipm ent d u ring  a relatively short period of com 
plete developm ental testing and does not represent a continu ing  require- 
m ent, except in a very few specific areas.

In  term s of utilization o f available m ateriais and existing resources, 
there  is no significant im pact in the electronic industry  sim ilar to that a t
trib u tab le  to the requ irem en t fo r huge quan tities of liquid oxvgen. T here is 
a m inor im pact with respect to requ irem en ts fo r m ateriais or com ponents 
such as tan ta lum  and diodes.

In  short the ballistic m issile p rogram  has had no significant im pact on 
the electronic industry  as a wliole, in term s of greatly increased requ irem ents. 
It has had a significant effect on certain  specific portions of the industry, 
notably  the m anufactu rers of electronic test equ ipm ent.

T he greatest im pact has been in the area of engineering  as a whole. 
T he g rea t urgency of the p rogram  has resulted  in rap id  strides in the ap- 
plication of eng ineering  tlieory to existing problem s and their early solu-
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tion. In  guidance equipm ent tliis application  has seen the developnient of 
two types of systems, pure-inertial and radio-inertial, bolh of which a re  under- 
going testing and both of which show every evidence of m eeting lhe alm ost 
impossible requirem ents fo r accuracy and reliability  established fo r the ir use.

The developnient of equipm ent such as this in such a short period of 
time requires a trem endous engineering  effort. T he ex pend itu re  of this 
effort in support of the balllstic missile program  represents the m ost sig- 
nifícant im pact of the p rogram  on the electronic industry .

T h e  U.S. A i r  F o r c e  h as la rg e ly  c re a te d  th e  in d u s t r ia l  c a p a b i l i ty  
to  p ro d u c e  b a llis tic  m issiles. T h e  m a te r ia is  h a v e  b e e n  iso la te d , th e  m a c h in e  
to o ls  a re  in  p la c e  o r  o n  o rd e r ,  th e  m a n p o w e r  h as  b e e n  h ire d . W e  k n o w  th a t  
w e w ill e x p e r ie n c e  so m e fa ilu re s , b u t  w e w ill le a rn  fro m  th e se  fa i lu re s . W e  
k n o w  th a t  w e w ill h a v e  d iff icu ltie s—strik e s , m a te r ia l  sh o rta g e s , o r  p o ss ib ly  
te m p o ra rv  sh o rta g e s  o f  th e  b e s t k in d  o f  to o lin g . T h e s e  a re  th e  p ro b le m s  
th a t  th e  A ir  F o rce  h as  m e t a n d  so lv ed  b e fo re . T h e  A ir  M a te r ie l  C o m m a n d  
is re a d y  fo r  th ese  d ifficu lties.

R e c o g n iz in g  th e  u rg e n c y  o f  th e  r e q u ir e m e n t  a n d  th e  im p a c t  o f  t im e  
co m p re ss io n , A M C  a ss ig n e d  h ig h ly  e x p e r ie n c e d  p e r s o n n e l  in  th e  m a te r ie l  
fie ld  to  th e  B a llis tic  M issiles Office so th a t  o u r  m a x im u m  e x p e r ie n c e  in  p ro - 
c u re m e n t, p ro d u c t io n ,  a n d  lo g istic s w o u ld  be  b r o u g h t  to  b e a r  o n  th e  p r o 
g ra m  a n d  its  p ro b le m s . A M C  h as p a r t ic ip a te d  w ith  B M D  a n d  R -W  in  th e  
se le c tio n  o f  p ro d u c t io n  so u rces  to  e n s u re  th e  h ig h e s t o r d e r  o f  se le c tiv ity  a n d  
c a p a b ili ty . In  fac t o u r  p o licy  is th a t  w e in  B M O , in  a s u p p o r t in g  ro le , w ill 
be  m o st se n s itiv e  a n d  re sp o n s iv e  to  d e v e lo p in e n t  a n d  jo in t ly  w ith  B M D  w ill 
p ro v id e  th e  n a tio n  w ith  th e  m o st e ffic ien t in d u s t r ia l  c a p a b i l i ty  p o ss ib le  to  
secu re  a n  ea rly  U S A F  o p e r a t io n a l  b a ll is t ic  m issile  c a p a b il i ty .

Ballistic Missiles Office, Hq AMC



U S A F  M is s i le  T e s t  R a

1
2
3
4
5
6 
7

Stations

Canaveral AAFB 
Júpiter AAFB 
Grand Bahama AAFB 
Eleuthera AAFB 
San Salvador AAFB 
M ayaguana AAFB 
Grand Turk AAFB

8 Dominican Rep. AAFB
9 Mayaguez AAFB

10 St. Lucia AAFB
11 Fern. de Noronha AAFB
12 Ascension AAFB

Cape C anave ra l, 1954 C ape C anave ra l, 1957



; Ballistic M issile 
Test Prodram
Lt . C o l . E d w i n  A. S w a n k e  a n d  

Lt . C o l . R i c h a r d  K. J a c o b s o n

T  C a p e  C a n a v è ra l A u x il ia ry  A ir  F o rce  B ase, F lo r id a , w e ird  g a n tr ie s  p u s h  
i Steel finger$ to w a rd  th e  sky, w isps o f  v a p o r  f ro m  L O X  ta n k s  d r i f t  

aw ay , a n d  e jch au st tr a i ls  crisscross th e  sky. M o re  a n d  m o re  f r e q u e n t ly ,

g ra m . C a p e  C anaveraíl is th e  s ite  o f  a ll b a ll is t ic  m iss ile  f lig h t te s t a c t iv it ie s  
,and  is a p a r t  o f  theí A ir  F o rce  M issile  T e s t  C e n te r .  I t  c o n s t i tu te s  th e  s ta r t

14 m ile s  aw ay , th e re  a re  m a n y  o th e r  m a in la n d  s ite s fo r  in s t r u m e n ta t io n  a n d  
* stfri n g  o f m a tr i tm e n te d  is la n d s  e x te n d in g  to  t in y  A sc e n s io n  I s la n d  so m e  500 
m ile s  s o u th  o f th e  e q u a to r .  T h e  b a ll is t ic  m iss ile  p ro g ra m  h as c h a n g e d  th e

to  s u p p o r t  th is  effo rt. T h e s e  w ill f u r th e r  c h a n g e  th e  C a p e  u n t i l  it h as  th e  
h ig h e s t c o n c e n tr a t io n  o f  m iss ile  a c tiv ity  in  th e  c o u n try .

G u id e d  m issiles a re  th e  d a ily  b u s in e ss  o f  th e  A ir  F o rce  M iss ile  T e s t  
C e n te r . T h e r e  m issile  te s t in g  is a c o n c re te  re a li ty ,  a n d  m o re  th a n  te n  th o u -  
s a n d  A ir F o rce , C iv il S erv ice , a n d  c o n tr a c to r  p e r s o n n e l  a re  e n g a g e d  in  it 
da ily . A p p ro x im a te ly  o n e  th i r d  o f  th e se  p e o p le  a re  d ire c t ly  s u p p o r t in g  th e  
A ir F orce  b a llis t ic  m iss ile  p ro g ra m  a n d  th e  n u m b e r  w ill in c re a se .

T h is  a c tiv ity  a t  th e  A ir  F o rce  M iss ile  T e s t  C e n te r  r e p re s e n ts  o n ly  a 
p a r t ,  a n d  a sm all p a r t ,  o f  th e  b a ll is t ic  m issile  te s t p ro g ra m . l t  is th e  v isu a l 
e v id e n c e  o f  p ro g ress  in  th e  p ro g ra m  a n d  c e r ta in ly  th e  f in a l c u lm in a t io n  o f 
a n y  test e ffo rt. F lig h t te s t in g  in  th is  p ro g ra m  h as b e en  c o m p a re d  to  th e  
v is ib le  p o r t io n  o f a n  ic e b e rg . T h e  m a jo r  p o r t io n  o f  th e  te s t e ffo r t is con- 
d u c te d  a t n u m e ro u s  sites th r o u g h o u t  th e  c o u n try .

T o  u n d e r s ta n d  th e  m a g n i tu d e  o f  th e  b a ll is t ic  m iss ile  te s t p ro g ra m , it  is 
necessary  to  u n d e r s ta n d  th e  te s t p h i lo s o p h y  o f  th e  p ro g ra m . A t th e  o u ts e t  
sev e ra l fac to rs  w ere  re c o g n iz e d  as h a v in g  a n  im p o r ta n t  r e la t io n s h ip  to  a n y  
p h ilo s o p h ie s  specifically  o r ie n te d  to w a rd  ro c k e t b a ll is t ic  w e a p o n s . T h e s e  
fac to rs  in c lu d e d  c o n s id e ra tio n  o f  th e  fo llo w in g :

a te d  by a n d  a re  sy m b o ls  o f  th e  b a ll is t ic  m iss ile  p ro -

f th e  lo n g -ra n g e  p ro v in g  g r o u n d  w h ic h  s tre tc h e s  o u t  5000 m ile s  o v e r  th e  
^ u th  A tla n tic .

n^.eradition to  th e  a c t iv it ie s  a t  th e  C a p e  a n d  a t  P a tr ic k  A ir  F o rce  B ase,

face o f  C a p e  C a n a v è ra l as n ew  fa c il i t ie s  h a v e  b e e n  id e n t if ie d  a n d  p ro g ra m e d
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•  T h e  te s t p h ilo s o p h y  fo r  m a n n e d  a irc ra f t ,  w h ic h  vvas w ell e s ta b lish e d  
a n d  h a s  b e e n  d e m o n s t ra te d  to  b e  e ffec tiv e , se e m e d  a p p lic a b le  to  b a llis tic  
m iss ile  te s tin g . T h i s  p h i lo s o p h y  in c lu d e s  c o m p re h e n s iv e  te s t in g  o f in d iv id u a l 
c o m p o n e n ts  u p  to  a n d  in c lu d in g  c o m p le te  w e a p o n  system s.

• T h e  U n s a tis fa c to ry  R e p o r t  S ystem  w h ic h  h as c o n tr ib u te d  so h eav ily  to  
th e  successfu l d e v e lo p m e n t a n d  im p ro v e m e n t o f  m a n n e d  a ir c r a f t  is n o t  di- 
re c tly  a p p l ic a b le  to  th e  m iss ile  p ro g ra m , s in ce  th e  c o n s ta n t  s c ru tin y  o f e q u ip -  
m e n t  by p ilo ts ,  c rew  m e m b e rs , a n d  m a in te n a n c e  p e r s o n n e l  is u n a v a ila b le .

• T h e  v a st c o m p le x  o f  te s t fa c il i t ie s  u n iq u e ly  a d a p te d  to  m a n n e d  a ir 
c ra f t  h a d  n o t  b e e n  d u p l ic a te d  in  th e  g u id e d  m iss ile  fie ld  a n d  w as v ir tu a l ly  
n o n e x is te n t  fo r  th e  ro c k e t-p o w e re d  b a l l is t ic  w e a p o n  system s.

• G u id e d  m issiles w ere  to  b e  h ig h ly  c o m p le x  system s c o m p ris in g  m an y  
c o m p le x  su b sy s tem s. M o re  so th a n  in  m a n n e d  a ir c r a f t ,  th e  f a i lu re  o f  a n y  
p a r t  c o u ld  m e a n  th e  f a i lu r e  o f  th e  e n t i r e  m issile . A ll th ese  system s a re  in  
se ries  as reg are is  o v e r-a ll r e l ia b i l i ty .

• T h e  a ir c ra f t - te s t in g  p ra c tic e  o f  r e ly in g  p r im a r i ly  o n  H ight te s t in g  
c o u ld  n o t p ro v id e  th e  d a ta  o n  w h ic h  to  b ase  n e e d e d  im p ro v e m e n ts  in  m is 
sile  d e s ig n . S im u la tio n  o f p o te n t ia l  d iff icu ltie s  a n d  th e  d e v e lo p m e n t o f  r e l i 
a b il i ty  w o u ld  h a v e  to  be  d o n e  o n  th e  g r o u n d  b e fo re  f lig h t te s tin g .

The Testing Philosophy
T h e s e  fa c to rs  w ere  su m m a r iz e d  in  a le t t e r  w r i t te n  by  th e  C o m m a n d e r , 

A ir  R e s e a rc h  a n d  D e v e lo p m e n t C o m m a n d , to  th e  C h ie f  o f  S taff, H e a d q u a r te r s  
U S A F , in  w h ich  lie r e c o m m e n d e d  a p h i lo s o p h y  o f te s t in g  ro c k e t b a ll is t ic  
w e a p o n s . T h i s  p h ilo s o p h y  as e s ta b lis h e d  a n d  o p e r a t in g  in  th is  p ro g ra m  
e s ta b lish e s  th re e  g e n e ra l  p r in c ip ie s :

L ieu tenan t Colonel Edwin A. Sw anke, Iowa State College, is Chief, Test Facilities 
Division, D irectorate o f Insta lla tions, Air Force Ballistic Missile Division, Hq 
ARDC. He has been associated with Army and  Air Force engineering  since 1940. 
In 1951 he was assigned Chief, Special P ro jects B ranch , C onstruction Division, As- 
sistant Chief o f Staff, Insta lla tions, H q USAF. This un it perform ed  design and 
construction  m anagem ent on such Air Force installations as special weapons stor- 
age, G lobcom, the a irc ra ft contro l and  w am ing  system , Texas Towers, Project Sage, 
and the  Security Service construction p rogram s. He is a graduate  of the AFS\S P 
Atomic Energy Course and of the Com m and and Staff School. L ieutenant Colonel 
R ichard  K. Jacobson, University of A labam a, Howard College, M.S. Massachu- 
setts Institu te  of Technology, is C hief, T est Office, D eputy C om m ander fo r eap- 
on Systems, Air Force Ballistic Missile Division, Hq ARDC. He earned his wings 
in 1942. As in stru e to r at the Air Tactical School in 1948 he lectured on missiles. 
At the Special W eapons Center, K irtland  AFB, in 1952 he was Chief. Guided Mis
siles Branch and C hief, C arrier Division, D evelopm ent D irectorate. One of his re- 
sponsibilities was installing atom ic. bonibs and w arheads in piloted and pilotless 
a irc ra ft. His M IT thesis on inertia l navigation fo r fighters has been published.
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"Testing w ill be accomplished a t the lowest possible leve i"

Avoid Dead-end Testing. W i th in  th e  b a ll is t ic  m iss ile  p ro g ra m  n o  com - 
p o n e n ts  a re  d e s ig n e d  a n d  te s te d  u n le ss  th e y  a re  u l t im a te ly  to  b e  a p a r t  o f  
th e  system . A c co rd in g ly  th e  first m issiles a re  in  th e  fin a l c o n f ig u ra t io n , m in u s  
c e r ta in  c o m p o n e n ts . As th e  p ro g ra m  p ro g re sse s  a n d  as o u r  k n o w le d g e  in - 
creases, th e  c o m p le x ity  o f  th e  te st p ro g ra m  in c rease s . W h ile  th e  first se rie s  en - 
com passes test o f  an  a ir f ra m e , a u to p i lo t ,  a n d  p ro p u ls io n  system  o n ly , th e  
m in im u m  c a p a b ili ty  fo r  f lig h t, th e se  c o m p o n e n ts  a re ^ d e s ig n e d  as p o r t io n s  o f  
th e  u l t im a te  o p e r a t io n a l  m issiles. As th e  te s t p ro g ra m  p ro g re sse s , g u id a n c e , 
a u x il ia ry  p o w e r, nose co n e , w a rh e a d , a n d  o th e r  su b sy s tem s a re  su ccessively  
a d d e d .

Rely on Ground Tests. P r im a ry  d e p e n d e n c e  o n  flig h t te s t in g  fo r  ro c k e t-  
p o w e re d  b a ll is t ic  w e a p o n  d e v e lo p m e n t is in a d e q u a te  a n d  e x tre m e ly  e x p e n -  
sive. C o n s e q u e n tly  a  c o m p re h e n s iv e  g r o u n d  te s t p ro g ra m  is a p r e re q u is i te  
to  f lig h t te s tin g . I t  h as  b e e n  p ro v e d  th a t  c a p tiv e  v e h ic le  te s t in g  c a n  b e  effec- 
tive  a n d  eco n o m ica l. T h u s  in  th e  IC B M  p ro g ra m  th e  first m iss ile  o f  an y  
series is a ss ig n ed  to  a c a p tiv e  te s t s ta n d . F a c il i t ie s  s im ila r  to  th e  la u n c h  com - 
p lex e s  a t P a tr ic k  can  b e  fo u n d  a t  E d w a rd s  R o c k e t B ase, C a l ifó rn ia ,  a n d  in  
th e  " b a c k y a rd "  o f  v a r io u s  c o n tra c to rs . T h e  n u m b e r  o f th e se  sy stem s te s t 
fac ilitie s  ex ceed s  th e  n u m b e r  o f  th e  la u n c h  c o m p le x e s  a t  A F M T C . In  th is  
ty p e  o f te s t in g  th e  m issiles m ay  b e  r u n  m a n y  tim es , p r o v id in g  m asses o f  
s ta tis tic a l in fo rm a t io n  to  a id  in  th e  d e v e lo p m e n t o f  a r e l ia b le  sy stem . Be-
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cau se  o f th e  h a z a rd s  in v o lv e d  in  su ch  te s t in g , e ach  p ro g ra m  has in  i t  a so- 
c a l le d  *‘b a t t le s h ip  fa c ility .” T h i s  s ta n d  h as h eav y  ta n k s  o f  b a t t le s h ip  Steel 
b u i l t  in  th e  e x a c t c o n f ig u ra tio n  o f  th e  a c tu a l  m iss ile  ta n k s  fo r  use in  r e p e a te d  
te s tin g s . In  a d d i t io n  to  th e  b a t t le s h ip  fa c il itie s  th e  g r o u n d  te s t p ro g ra m  in - 
c lu d e s  h y d ro s ta t ic  test s ta n d s  to  ch eck  th e  r e a c t io n  o f  th e  m iss ile  to  p re ssu ri-  
z a t io n . T o  m e a su re  th e  r e a c t io n  o f  th e  m iss ile  to  fas t se rv ic in g  a n d  to  d e te r 
m in e  th e  p o te n t ia l  h a z a rd  o f  a n y  g iv e n  m iss ile , a c o m p le te  fac ility  fo r  check- 
o u t  o f  fa s t-se rv ic in g  p ro c e d u re s  a n d  h a z a rd s  h a s  b e e n  d e v e lo p e d  a t  th e  A ir  
F o rce  F lig h t T e s t  C e n te r ,  E d w a rd s  A ir  F o rce  B ase, C a l ifó rn ia ,  a d ja c e n t  to  
th e  R o c k e t Base.

Test the Systems Early. N o  te s t in g  is d o n e  a t  a n y  lev e i if it  c o u ld  be  
c a r r ie d  o u t  a t  a lo w er lev e i. S ystem s te s t in g  is n e v e r  d e s ig n e d  m ere ly  to  
c h eck  th e  o p e r a t io n  o f  a  g iv e n  su b sy s te m  b u t  to  d e te rm in e  th e  r e la t io n s h ip  
b e tw e e n  su b sy s tem s. F o r  e x a m p le , e a r ly  H ight te s ts  d e m o n s t ra te  th e  c o m p a ti-  
b i l i ty  o f  a ir f r a m e , e n g in e , a n d  a u to p i lo t  su b sy stem s. T h e  o p e r a t io n  o f  e ach  
su b sy s te m  h as  b e e n  te s te d  in  a d v a n c e  o n  its  o w n  te s t fa c ilitie s . L ik ew ise  te s t
in g  o f  e n g in e s  is n o t p ro g ra m e d  to  te s t c o m p o n e n ts  o f  th e  system . T u r b o -  
p u m p s , v a lves, a n d  o th e r  c o m p o n e n ts  o f  th e  p ro p u ls io n  system  a re  c h ec k e d  
o u t  in d e p e n d e n t ly .  S c h e m a tic a lly  th e  te s t p ro g ra m  lo o k s  lik e  a  p y ra m id . R e- 
l a t in g  th e  e ffo rts  to  th e  f lig h t te s t p ro g ra m , w e fin d  th a t  n u m e r ic a lly  f lig h t 
te s t in g  r e p re s e n ts  o n ly  a  sm a ll p a r t  o f  th e  to ta l  te s t e ffo rt. C a p t iv e  te sts  w ill 
n u m b e r  a n  o r d e r  o f m a g n i tu d e  g r e a te r  th a n  th e  p ro g ra m e d  flig h t tests. T e s ts  
o f  th e  ro c k e t e n g in e  w ill n u m b e r  to  a n  o r d e r  o f  m a g n i tu d e  g r e a te r  th a n  th e  
c a p tiv e  te s ts  a n d  sev e ra l o rd e rs  o f  m a g n i tu d e  g r e a te r  th a n  th e  f lig h t tests. 
C o m p o n e n t  te s ts  w ill exceecl by  se v e ra l o rd e rs  o f  m a g n i tu d e  th e  p ro g ra m e d  
su b sy s te m  te s tin g . T h u s  a n y  flig h t te s t  r e p re s e n ts  te n s  o f  th o u s a n d s  o f  tests 
o n  c a p t iv e  fa c ilitie s , su b sy s tem s te s t fa c ilitie s , a n d  c o m p o n e n ts  te s t in g  fa c ili
ties.

T h i s  p h i lo s o p h v  d e te rm in e s  th e  r e c ju ire m e n t fo r  fa c il i t ie s  to  s u p p o r t  th e  
te s t  p ro g ra m . In  re c o g n iz in g  th is  p h i lo s o p h y  a n d  its  t r a n s la t io n  in to  specific  
te s t p la n s  a n d  p ro g ra m s , o n e  m u s t e x a m in e  th e  in s ta l la t io n s  a n d  fac ilitie s  
r e q u ir e m e n ts  th a t  it d ic ta te s . T h e  A ir  F o rce  M iss ile  T e s t  C e n te r ,  w h e re  m is- 
s ile s  a re  a c tu a l ly  H ight te s te d , re s ts  o n  a b r o a d  b ase  o f  s u p p o r t  fa c ilitie s  
th r o u g h o u t  th e  U n i te d  S ta te s  r e q u i r e d  fo r  th e  success o f  its  flig h t-te s t m is- 
s io n . T h e  te s t p la n s  h a v e  e s ta b lis h e d  th e  sco p e , n u m b e r ,  c h a ra c te r , a n d  lo- 
c a t io n  o f  o u r  te s t fa c ilitie s .

S in ce  th e  b a ll is t ic  m iss ile  p ro g ra m  w as a c c e le ra te d  in  1954, a p p ro x im a te ly  
$500 ,000 ,00 0  h as b e e n  m a d e  a v a i la b le  fo r  n e w  te s t in s ta l la t io n s  a n d  con- 
t r a c to r  p l a n t  e x p a n s io n s . A s u b s ta n t ia l  p e rc e n ta g e  o f th is  to ta l,  o v e r  $100.- 
0 0 0 ,0 0 0 , is p r iv a te ly  f in a n c e d  by b o th  p r im e  c o n tr a c to r s  a n d  su b c o n tra c to rs . 
T h e  im p a c t  o f  a test p ro g ra m  o f  th is  m a g n i tu d e  a t  in s ta l la t io n s  lik e  P a tr ic k  
a n d  E d w a rd s  A ir  F o rce  Bases h a s  c a lle d  fo r  a c o n s id e ra b le  e x p a n s io n  o f  th e  
te c h n ic a l ,  a d m in is tr a t iv e ,  a n d  s u p p o r t  fa c il i t ie s  to  h a n d le  th e  s ig n if ic a n t in- 
c re a se  in  c o n tr a c to r  a n d  A ir  F o rce  e q u ip m e n t  a n d  p e r s o n n e l.  S u ch  a b u i ld u p  
o f  te s t in g  e ffo r t  c a n  o b v io u s ly  o n ly  b e  s u p p o r te d  by s u b s ta n t ia l  e x p a n s io n  in
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A ir  F o rce  M i s s i le  T e s t  C e n te r
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th e  in d u s t r ia l  fa c ilitie s  to  s u p p o r t  th e  f a b r ic a t io n  o f  te s t h a rd w a re  a n d  to  
p ro v id e  a d e v e lo p m e n t a n d  e n g in e e r in g  c a p a b i l i ty  a t  c o n tr a c to r s ’ p la n ts . 
L a b o ra to ry  te st e q u ip m e n t,  su ch  as e n v ir o n m e n ta l  te s t c h a m b e rs , ra n d o m -  
n o ise  v ib ra t io n  e q u ip m e n t,  a n d  d a ta - r e d u c tio n  e q u ip m e n t ,  h a s  b e e n  in s ta l le d  
a t  c o n tra c to r s ’ p la n ts  fo r th e  e x te n s iv e  d e v e lo p m e n ta l  a n d  r e l ia b i l i ty  te s t in g  
r e q u ir e d  to  s u p p o r t  th is  m a jo r  effo rt.

Flight Test
T h e  size o f  th e  in s ta l la t io n  r e q u ir e d  to  s u p p o r t  a su ccessfu l f lig h t- te s t 

p ro g ra m  is re a d ily  a p p r e c ia te d  in  th e  C a p e  C a n a v e ra l  la u n c h  a re a  o f  th e  A ir  
F o rce  M issile  T e s t  C e n te r . H e re  o n e  c a n  see n u m e ro u s  b a ll is t ic  m iss ile  
la u n c h  s ta n d s  f la n k e d  by  g u id a n c e  c o m p le x e s , a ssem b ly  a n d  c h e c k o u t a re a s , 
a n d  th e  r e la te d  te c h n ic a l s u p p o r t  fa c ilitie s . A n  A tla s  IC B M  la u n c h  c o m p le x  
in d u d e s  b lo ck h o u se , in s t r u m e n ta t io n  d u c ts , e le v a te d  ra m p , la u n c h  s ta n d , 
L O X , fu e l, a n d  gas system s, a n d  g a n try  se rv ice  to w er. T h e  s ta n d  is e le v a te d  
to  p ro v id e  a w a te r-c o o le d  flam e  d e f le c to r  to  p e r m it  p r e í l ig h t  s ta t ic  te s t in g  
p r io r  to  th e  a c tu a l  la u n c h . R e p r e s e n ta t iv e  o f  a n o th e r  ty p e  la u n c h  s ta n d  is 
a  T h o r  1R B M  la u n c h e r .  I t  to o  e n co m p a sse s  th e  m a jo r  f e a tu re s  o f  a b lo c k 
h o u se , e le v a te d  la u n c h  s ta n d , a n d  s u p p o r t in g  L O X , fu e l, a n d  h ig h -p re s su re  
gas system s. D esig n  c r i te r ia  a n d  s ite  la y o u t fo r  th e se  u n iq u e  fa c il i t ie s  a re  
b a se d  o n  th e  sa fe ty  c o n d i t io n s  r e q u i r e d  a t  th e  la u n c h  a re a  a n d  th e  r a n g e  
sa fe ty  c r i te r ia  o f  th e  A ir  F o rce  M issile  T e s t  C e n te r .

T h e  g ro u n d -b a s e d  r a d io - in e r t ia l  g u id a n c e  sy stem  b e in g  u sed  o n  tests  o f  
th e  A tlas  w e a p o n  system  is c o m p le x . I t  e n c o m p a sse s  th e  m a jo r  e le m e n ts  o f  
c e n tra l  g u id a n c e  o p e ra t io n s , D o p p le r  r a d a rs , a n d  th e  r a te  t r a n s m it t e r s —w ith  
th e  r a te  rec e iv e rs  a c c u ra te ly  p o s i t io n e d  a t  th e  e n d s  o f  fo u r  5 0 0 0 -fo o t legs 
o f  a cross. N o  o p e ra t io n s  c o u ld  su cceed  w i th o u t  a  v a s t s u p p o r t in g  a re a  w h e re  
th e  a ssem b ly  h a n g a rs , L O X  p la n ts , sh o p s , s to ra g e , d a ta  r e d u c t io n ,  a n d  e n 
g in e e r in g  sp ace  a re  locatecl. T h i s  e n t i r e  c o m p le x  is t ie d  to g e th e r  by a n e t-  
w ork  o f  ro a d s , C o m m u n ica tio n s , a n d  w a te r  a n d  p o w e r  d i s t r ib u t io n ,  a n d  d o t te d  
w ith  a m y ria d  o f  ra n g e  in s t r u m e n ta t io n  d ev ice s  to  e n s u re  m a x im u m  effective- 
ness o f th e  te s t p ro g ra m .

Range. I n c lu d e d  in  th is  h u g e  in s ta l la t io n s  a n d  e q u ip m e n t  b u i ld u p  fo r  
te s t in g  o f  th e  c o m p le te  w e a p o n  sy stem s a re  th o u s a n d s  o f  m ile s  o f  in s tru -  
m e n te d  ra n g e  w hose sco p e  a n d  c o m p le x it ie s  d w a r f  a n y  p re v io u s  m iss ile  e ffo rt. 
T h e r e  is n o t  sp ace  h e re  to  c o v e r  th is  v a s t p ro je c t  in  d e ta i l .

A tv p ic a l ra n g e  s ta t io n  is o n  S an  S a lv a d o r . I t  is m a n n e d  a n d  o p e r a te d  
by th e  ra n g e  c o n tr a c to r  (P a n  A m e r ic a n  A irw ay s a n d  R C A ) fo r  th e  A ir  F o rce .

Captive Test

O f s ig n if ic a m  im p o r ta n c e  is th e  s ta t ic  te s t in g  o f th e  c o m p le te  w e a p o n  
system , w h ich  th e  te st p h i lo s o p h y  re q u ir e s  in  s u p p o r t  o f  a su ccessfu l flig h t- 
te s t sc h e d u le . F o r e x a m p le , a t  th e  E d w a rd s  R o c k e t B ase b o th  th e  A tla s  a n d  
T h o r  w e a p o n s  a re  u n d e r g o in g  c a p t iv e  te s t in g . R e p r e s e n ta t iv e  o f  th is  te s t



C ap tive  Test Stand

Battlesh ip  Test Stand

C onva ir Test S tand, Sycamore Canyon

M a rtin  Test S tand, Denver



C on va ir A ir fra m e  C om ponent Testing, Point Loma

M a rtin 's  Denver Facilities C over a Vast A rea
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e ffo r t is T e s t  S ta n d  1-A, w h ic h  w as d e s ig n e d  as a o n e -m ill io n -p o u n d - th ru s t  
te s t s ta n d . I t  h a s  b e en  m o d if ie d  fo r  use by C o n v a ir  in  te s t in g  th e  A tlas  m is- 
sile . T o  e n s u re  r e l ia b i l i ty  o f  p ro p u ls io n  system  p lu m b in g , a ta n k  m a d e  o f 
b a t t le s h ip  Steel a n d  h a v in g  th e  sam e  c o n f ig u ra t io n  as th e  m iss ile  ta n k a g e  was 
p u t  o n  T e s t  S ta n d  1-4. T h i s  ty p e  o f  b a t t le s h ip  ta n k  te s t in g  w ill p e rm it  a 
d e te r m in a t io n  o f  th o se  fa c to rs  t h a t  r e la te  to  th e  m a r r ia g e  o f  th e  p ro p u ls io n  
sy stem  a n d  th e  a ir f r a m e  w ith o u t  h a v in g  to  use  a n  a c tu a l  m issile  fo r  th is  
te s t in g . T h e  s ta n d  a lso  p e rm its  a n  e a r ly  lo c a tio n  a t  w h ic h  so m e test-crew  
t r a in in g  c a n  b e  a c c o m p lish e d . A lso  a t  th e  E d w a rd s  R o c k e t B ase o th e r  facili- 
tie s  a re  in  p la c e  to  s u p p o r t  te s t in g  o f  g r o u n d - s u p p o r t  e q u ip m e n t  a n d  o th e r  
te s ts  w h ich  in  th em se lv es  h a v e  a h ig h  r isk  a n d  c a n n o t  b e  d o n e  a t  o th e r  
lo c a tio n s .

S in ce  a d d i t io n a l  c a p t iv e  te s t in g  is d o n e  in  th e  c o n t r a c to r s  b a c k y a rd , 
o n e  w ill see  s ta t ic  te s t s ta n d s  a t  th e  a i r f r a m e  c o n tr a c to r ’s p l a n t  fo r  th e  T h o r ,  
T i t a n ,  a n d  A tla s  w e a p o n  system s. T h e  p ro x im ity  o f  th is  ty p e  o f te s t s ta n d  
to  th e  e n g in e e r in g  a n d  f a b r ic a t io n  fa c il i t ie s  o f th e  c o n tr a c to r  m ak e s  fo r 
r a p id  fixes d u r in g  d e v e lo p m e n t  a n d  th e  e ffic ien t u se  o f  h ig h ly  t r a in e d  per- 
s o n n e l r e s p o n s ib le  fo r th e  c o n d u c t  o f  th e se  a c tiv itie s .

Subsystem Testing
W e a p o n  system  te s t in g  c a n n o t  b e  su ccessfu l w i th in  th e  te rm s  o f th e  

te s t p h i lo s o p h y  w ith o u t  a  b r o a d  c a p a b i l i ty  fo r  su b sy s tem  te s t in g  a n d  in d i 
v id u a l  c o m p o n e n t  te s tin g .

Airframe. T h e  A ir  F o rc e  b a ll is t ic  m iss ile  p ro g ra m  in v o lv es  th e  d e v e lo p 
m e n t ,  f a b r ic a t io n ,  a n d  te s t in g  o f  th r e e  a ir f ra m e s : n a m e ly , A tla s  by  C o n v a ir , 
T i t a n  by M a r t in ,  a n d  T h o r  b y  D o u g la s . S u p p o r t  o f  th is  d e v e lo p m e n t  e ffo rt 
h a s  c a l le d  fo r  a  c o n s id e ra b le  e x p a n s io n  o f  e n g in e e r in g  la b o ra to r ie s ,  f a b r ic a 
t io n  fa c ilitie s , a n d  e n v ir o n m e n ta l  te s t fa c ilitie s . R e p r e s e n ta t iv e  o f  th is  ty p e  
o f  a c t iv ity  is th e  C o n v a ir  P o in t  L o m a  te s t a re a , w h e re  c o m p o n e n ts  a n d  ele- 
m e n ts  a re  te s te d  p r io r  to  a sse m b ly  o f  th e  m iss ile  a ir f r a m e .

A s in  th e  case  o f o t h e r  c o n tr a c to r s  a la rg e  a re a  a d ja c e n t  to  th e  e n g in e e r in g  
a n d  f a b r ic a t io n  fa c il itie s  is r e q u i r e d  in  th e  in te re s t  o f» sa fe ty , se c u rity , no ise  
s u p p re s s io n , a n d  o th e r  p ro b le m s  a r is in g  in  b a ll is t ic  m iss ile  te s tin g . M a r t in , 
fo r  e x a m p le , h a s  m o v e d  to  th e  D e n v e r  r e g io n  a n d  e s ta b lis h e d  a n ew  p la n t  
w ith  a s so c ia te d  fac ilitie s .

Propulsion. In  a ll  p r o b a b i l i ty ,  th e  m o s t im p re s s iv e  fa c il ity  b u i ld u p  to  
s u p p o r t  a  d e v e lo p m e n t  a n d  te s t  p ro g ra m  w as a c c o m p lish e d  in  th e  p r o p u l 
s io n  a re a . T h e  R o c k e td y n e  D iv is io n  o f  N o r th  A m e r ic a n  A v ia t io n , w ith  A ir  
F o rce  a ss is ta n c e , has e s ta b lis h e d  a F ie ld  P r o p u ls io n  L a b o ra to ry  in  th e  h ills  
a b o v e  S an  F e r n a n d o  V alley . A t N o r th  A m e r ic a n  a re  a n  e n g in e e r in g  d e v e lo p 
m e n t  fa c ility , a  cold-H ow  c a l ib r a t io n  la b o ra to ry , e n v ir o n m e n ta l  te s t in g  fix- 
tu re s , a n d  a b a t te ry  o f  e ig h te e n  ro c k e t-e n g in e  te s t  s ta n d s . S im ila r ly , a t A ero- 
je t -G e n e ra l  in  S a c ra m e n to , a  s izab le  fa c il i ty  b u i ld u p  c a n  b e  n o te d . T h e s e  
tw o  c o n tr a c to r s  a re  o b v io u s ly  la rg e  u sers  o f  liq u ic l o x y g e n . T h e  A ir  F o rce
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c o n s id e re d  it  e c o n o m ic a l to  p ro v id e  o n -s ite  L O X  p la n ts  a n d  su ch  fa c ilitie s  
h a v e  b e e n  c o n s tru c te d .

Guidance. P e rh a p s  th e  b e s t e x a m p le  o f  su b sy s tem  a n d  c o m p o n e n t test- 
in g  c a n  b e  seen  in  th e  g u id a n c e -sy s te m  te s tin g . T h e r e  a re  a p p ro x im a te ly  
e ig h t  p r im e  c o n tra c to r s  w o rk in g  in  g u id a n c e , a n d  th e i r  te s t c a p a b i l i ty  b u ild -  
u p  h a s  b e e n  tre m e n d o u s . A  to u r  th r o u g h  th e i r  fa c il itie s  w o u ld  re v e a l en- 
v i r o n m e n ta l  te s t e q u ip m e n t ,  d a ta -p ro c e s s in g  e q u ip m e n t ,  r e l ia b i l i ty  te s t fa 
c ilitie s , a n d  b a c k y a rd  fie ld  te s t se tu p s .

Nose Cone. T h e  r e m a in in g  su b sy s te m  o f th e  b a ll is t ic  m iss ile  w e a p o n  
sy stem  is th e  n o se  c o n e  a n d  its  w a rh e a d . H e re  a lso  a  s u b s ta n t ia l  b u i ld u p  o f 
la b o ra to ry ,  fa b r ic a t io n , a n d  te s t  e q u ip m e n t  a n d  fa c il i t ie s  c a n  b e  o b se rv ed . 
T h i s  su b sy s tem  re q u ire s  a  c o n s id e ra b le  a m o u n t  o f  system s a n a ly s is  e q u ip m e n t  
to  e n s u re , in s o fa r  as p o ss ib le  b e fo re  f lig h t te s t, th e  n o se  c o n e ’s a b il i ty  to  o p e r-  
a te  s a tis fa c to r ily  u n d e r  a c tu a l  f lig h t e n v ir o n m e n t .

I n  t h e  s m a l l  sp ace  o f  tw o  y e a rs  th is  h a lf -b i l l io n -d o lla r  fa c ility  e x p a n s io n  
p ro g ra m  h as  b e e n  m o re  th a n  75 p e r  c e n t  c o m p le te d  a n d  r e p re s e n ts  to  th e  
A ir  F o rce , a n d  to  th e  n a t io n ,  a  s ig n if ic a n t m ile s to n e  in  th e  p ro g re ss  m a d e  to- 
w a rd  th e  d e v e lo p m e n t  o f  e ffec tiv e  b a ll is t ic  m iss ile  w e a p o n  system s. T h is  
e ffo r t a lso  fo rm s  th e  b a s ic  b u i ld in g  b lo c k  fo r  f u r th e r  a n d  f u tu r e  A ir  F o rce  
in v e s t ig a t io n  in to  th e  p ro b le m s  a sso c ia te d  w ith  m a n ’s a t te m p t  to  c o n q u e r  
sp ace . O n e  c a n  re a d ily  a p p r e c ia te  th a t  th e  b a ll is t ic  m iss ile  flig h t-te s t p r o 
g ra m  is in  fac t lik e  th e  v is ib le  p o r t io n  o f  a n  ic e b e rg , w h e n  th e  to ta l  te s t a n d  
fa c il i t ie s  s u p p o r t  o f te s t  o b je c tiv e s  is b a c k e d  by so v a s t a  b ase  o f  fa c il itie s  
a n d  te s t in g  e ffo rt, th e  a r c h i te c tu r e  o f  w h ic h  w as s h a p e d  by th e  te s t p h i lo s o p h y  
e s ta b lish e d .

Air Force Ballistic Missile Division, Hq ARDC
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T
H E R E  h a v e  b e e n  im m e n se  c h a n g e s  in  th e  a r t  o f  w a rfa re  w ith in  th e  p a s t 
c e n tu ry . T h e  use o f  m ass, th e  s u b s t i tu t io n  o f  a r t i l le ry ,  r ifle , a n d  m a- 
c h in e  g u n  fo r m assed  tro o p s , th e  e n t r e n c h m e n ts  o f  th e  C iv il W a r  a n d  
W o r ld  W a r  I, th e  sw in g  b a ck  to  m o v e m e n t w ith  th e  p a n z e r  th r u s t  o f  e a r ly  

W o r ld  W a r  I I  h av e  e ac h  h a d  p r o f o u n d  effects. T h e  a d v e n t  o f  th e  a ir-d e liv -  
e re d  n u c le a r  w e a p o n  is so b ig  a n d  so d if fe re n t  th a t  m a n y  p la n n e r s ,  s t i l l  b o u n d  
by  th e  t r a d i i io n a l  th in k in g  o f  th e  la s t  w a r, h a v e  y e t to  fu lly  a p p r e c ia te  th is  
w e a p o n  system .

N o w  w e a re  o n  th e  th re s h o ld  o f  th e  b a ll is t ic  m iss ile . T h i s  e v e n t  h as  
g iv e n  rise  to  a h o s t o f  w r ite rs  a n d  p u b lic is ts ,  a n d  so m e m il i ta ry  p la n n e r s ,  w h o  
m ig h t b e  c a lle d  “ fu tu r is ts .” T h e s e  p e o p le  o f te n  e v a lu a te  f u tu r e  e x p e c te d  
c a p a b il i t ie s  o f  a new  w e a p o n  system  w ith in  th e  p re se n t-d a y  f ra m e w o rk , w ith  
e v e ry th in g  e x c e p t th e i r  n e w  w e a p o n  system  r e m a in in g  a t  to d a y ’s S tate  o f  de- 
v e lo p m e n t. T h e s e  fu tu r is ts  a re  so b ^ m u se d  a n d  e n c h a n te d  by th e  u l t im a te  
p o s s ib ili t ie s  o f  th e  b a llis tic  m iss ile  w ith  th e  n u c le a r  w a rh e a d  th a t  th e y  a re  
p ro n e  to  lu ll  th e  U n i te d  S ta te s  in to  a fa lse  sen se  o f  m il i ta ry  p ro w ess. T h e  
f u tu r is t  is ju s t as d a n g e ro u s  to  th e  se c u rity  o f  th e  U n i te d  S ta te s  as th e  tra d i-  
t io n a lis t .  T h e  la t t e r  is ro o te d  firm ly  in  th e  r u t  o f  th e  p a s t;  th e  fo r m e r  h as 
h is  fee t w ell o lf th e  g ro u n d , f to a tin g  off te n  y ears  in to  to m o rro w .

S o u n d  p la n n in g  fo r  th is  f u tu r e  m a s te r-w e a p o n  sy stem  is im p e ra t iv e , a n d  
som e g o o d  w o rk  is b e in g  d o n e . F o r  th e  m o s t p a r t ,  h o w e v e r , i t  h as  b e e n  
d o n e  o n ly  by a sm all g ro u p  in t im a te ly  a s so c ia te d  w ith  m iss ile  d e v e lo p m e n t.  
P ro p e r  e v a lu a t io n  a n d  fu ll u t i l iz a t io n  o f  th e  b a ll is t ic  m iss ile , w i th in  th e  p e r 
sp ec tiv e  o f th e  p o litic a l c lim a te  a n t ic ip a te d ,  a re  ta sk s o f  th e  g re a te s t  im - 
p o r ta n c e  fo r  U n i te d  S ta te s  le a d e rs  to d ay .

I n i t ia l  I m p a c t
T h e  in i t ia l  c a p a b il i ty  o f  th e  first b a ll is t ic  m issiles w ill se t n e a t ly  in to  

th e  U .S. p h ilo so p h y  o f m o d e rn  w a rfa re . T h e  p h ilo s o p h y  o f  m o d e rn  w a r 
fa re  e v o lv ed  in  th e  U n i te d  S ta te s  s in ce  W o r ld  W a r  I I  is b a sed  u p o n  th e  
a b il i ty  to  m o u n t  an  im m e d ia te  a n d  d ec is iv e  a t ta c k  a g a in s t  e n e m y  fo rces a n d  
h e a r t la n d . 1  h is p h ilo so p h y  e m b ra c e s  th e  p ro p o s i t io n  th a t  th e  sh e e r  p o te n -
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t ia l  d e s tru c tiv e n e s s  o f su c h  a n  a t ta c k  w ill d e te r  e n e m y  ag g ress io n . S in ce  th e  
a v o w e d  p o lic y  o f th e  U n i te d  S ta te s  le av es  th e  in i t ia t iv e  in  th e  h a n d s  o f  th e  
e n e m y , o u r  a b i l i ty  to  la u n c h  q u ic k ly  a n d  d ec is iv e ly  a c o u n te r s t r ik e  a g a in s t 
th e  e n e m y  re q u ir e s  a  fo rc e -in -b e in g . T h i s  r e a d y  fo rce  m u s t be secu re  fro m  
e n e m y  a t ta c k  a n d  c a p a b le  o f w in n in g  th e  d ec is iv e  p h a se  o f  th e  w ar, s h o u ld  
its  d e te r r e n t  e ffec t fa il. S u c h  a  fo rce  w ill b e  a n  e ffec tiv e  d e te r r e n t  to  an  
e n e m y  o n ly  if  th e  e n e m y  h as  k n o w le d g e  o f th e  fo rc e ’s c a p a b i l i ty  a n d  in v u l-  
n e r a b i l i ty  a n d , a t  th e  sam e  tim e , k n o w s o f  th e  in te n t io n  to  ex e rc ise  th is  fo rce .

T h e  p r im a ry  d e te r r e n t  to  e n e m y  a g g re ss io n  s in ce  W o r ld  W a r  I I  has 
b e e n  th e  U .S . s tra te g ic  a i r  fo rces  e q u ip p e d  w ith  m a n n e d  b o m b e rs . T h e  d e 
t e r r e n t  e ffec t o f  th is  fo rce  is b e in g  slow ly  d im in is h e d  by  im p ro v e d  c o u n te r-  
b o m b e r  d e fen ses . T h e  e a r ly  b a ll is t ic  m iss ile s, if  h a n d le d  p ro p e r ly , w ill h av e  
th e  c h a ra c te r is t ic s  to  assist in  th e  d e t e r r e n t  ta sk . T h e  m a n n e d  b o m b e r  w ill 
b e  a n  im p o r ta n t  p a r t  o f  th e  to ta l  d e t e r r e n t  fo rce  fo r  a lo n g  tim e  to  com e, 
a n d  th e  first b a ll is t ic  m iss ile s  w ill s u p p le m e n t  th e  b o m b e r  a n d  h e lp  re s to re  
th e  e ffec tiv en ess  o f  th e  d e t e r r e n t  fo rce .

T h e  r e la t io n s h ip  o f  th e  b a ll is t ic  m iss ile  n e w c o m e r  to  th e  fam ily  o f 
s tra te g ic  w e a p o n s  w ill b e  d e te r m in e d  b y  c a p a b i l i t ie s  a n d  l im ita t io n s . T h e  
t r e m e n d o u s  sp e e d  o f th e  w e a p o n  is p o ss ib ly  th e  c h a ra c te r is t ic  m o st im p o r ta n t  
to  its  s t ra te g ic  ro le . T h e  q u ic k  r e a c t io n  to  e n e m y  th r e a t  a n d  th e  im p ro v e d  
a b i l i ty  to  p e n e t r a t e  e n e m y  d e fe n se s  a re  tw o  a t t r ib u te s  o f  th e  m iss ile ’s h y p e r-  
so n ic  sp e e d  w h ic h  m a k e  th e  m iss ile  f a r  s u p e r io r  to  a ir c r a f t .  T h e  p o ss ib ili ty  
o f  h a r d e n in g  a n d  c a m o u f la g in g  th e  la u n c h in g  s ite  o f  th e  m iss ile  w ill m a k e  it 
less v u ln e r a b le  to  su rp r is e  a t ta c k  th a n  th e  la rg e  ru n w a y  c o m p le x  o f  th e  a ir- 
c r a f t ’s g r o u n d  e n v iro n m e n t .

C e r ta in  c o n d i t io n s  m u s t b e  m e t to  c a p ita l iz e  o n  th e  a d v a n ta g e s  o f  fas t 
r e a c t io n  a n d  im p ro v e d  a b i l i ty  to  p e n e t r a te  d e fen se s . S om e c h a n g e s  in  o p e ra -  
t io n s  o r  ta c tic s  w ill b e  m a n d a to ry ,  a n d  as c a p a b i l i t ie s  o f  th e  m issile s in c rea se  
w ith  th e  a d v a n c e  o f te c h n o lo g y , m o re  p r o f o u n d  o p e r a t io n a l  c h a n g e s  w ill be 
in d ic a te d .  A d v a n c e  p l a n n in g  a n d  d e ta i le d  ta r g e t in g  in fo rm a t io n .  in c lu d in g  
p o s ts h o t  re c o n n a is sa n c e , w ill b e  a  n ecessity . I n te l l ig e n c e  in fo rm a t io n ,  a lw ays 
a p r e re q u is i te  fo r  a su ccessfu l a i r c r a f t  s tr ik e , w ill b e  m o st im p o r ta n t  s in ce  
th e  m iss ile ’s e n t i r e  m iss io n  w ill b e  p r e d ic a te d  o n  th is  in fo r m a t io n .  E x te n -  
sive lo g is tic  s u p p o r t  w ill b e  r e q u ir e d .  T h e  u n u s u a l  n a tu r e  o f  fu e ls  u sed , th e  
in t r ic a te  in s t r u m e n ta t io n  a n d  e le c t ro n ic  g e a r  w ill a ll  d e m a n d  u n iq u e  fac ili-
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ties a n d  h ig h ly  sk illed  p e rs o n n e l. T h is  m a te r ie l  a n d  m a n p o w e r  w ill h a v e  
to  be  p re p o s i t io n e d  a n d  ra a d e  se c u re  to  e n s u re  p r e la u n c h  s u rv iv a b il i ty .

A sid e  f ro ra  im p o sed  o p e r a t io n a l  r e q u ir e m e n ts  th e  e a r ly  b a ll is t ic  m issiles 
h a v e  in h e r e n t  l im ita t io n s  th a t  m u s t b e  c o n s id e re d  fo r  a fu l l  a p p r e c ia t io n  o f  
th e  ra issile ’s in i t ia l  e m p lo y m e n t . O n e  su ch  l im i ta t io n  w ill b e  a n  in a b i l i ty  
to  a tta c k  f le e tin g  ta rg e ts  a n d  ta rg e ts  o n  w h ic h  d e ta i le d  in f o r m a t io n  is lack- 
in g . I n i t ia l ly  ev en  its  fix ed  ta rg e ts  w ill b e  la rg e -a re a  o n es , b ecau se  o f  ex- 
p e c te d  in a c c u ra c ie s  in  th e  g u id a n c e  system s. S e lec tiv ity  o f  w a rh e a d  size to  
fit th e  ta c tic a l s i tu a t io n  w ill b e  re s tr ic te d . I t  w o u ld  n o t  b e  p ro f i ta b le  to  
d e liv e r  sm all-y ie ld  w a rh e a d s , b e ca u se  th e  u se  o f  th e  to ta l ly  e x p e n d a b le  m is- 
sile  c an  o n ly  b e  e co n o m ic a lly  ju s tif ie d  if  th e  d a m a g e  e ffec ted  is in  fa v o ra b le  
r a t io  to  th e  cost in v o lv e d . T o o ,  th e re  a re  th o se  w h o  fee l th e  firs t m issile s 
w ill be  l im i te d  in  e ffec tiv en ess b y  th e  r e s t r ic te d  size o f  th e  w a rh e a d  th a t  c an  
b e  c a r r ie d . C o n s id e r in g  th e  acc u rac y  a llo w a n c e  fo r  g u id a n c e  e r r o r  in  th e  
first m issiles, th e  y ie ld  m ay  n o t  b e  g r e a t  e n o u g h  to  d e s tro y  th e  ta rg e t . W i th  
its  o n e -sh o t p e r fo rm a n c e  th e  w e a p o n  w ill b e  l im i te d  to  p r io r i ty  ta rg e ts  com - 
m e n s u ra te  w ith  its d e liv e ry  y ie ld  a n d  g u id a n c e  a ccu racy . A lso  r e l ia b i l i ty  
m u s t n o t  b e  ig n o re d . E s tim a te s  o n  th e  r e l ia b i l i ty  o f  th e  first b a ll is t ic  m iss ile  
fo rce  v a ry , a n d  it  w ill p r o b a b ly  ta k e  c o n s id e ra b le  te s t in g  a n d  p ra c tic e  f ir in g  
to  e s ta b lish  a  d e p e n d a b i l i ty  th a t  c o u ld  b e  te rm e d  “c o m b a t  r e a d y .”

E v e n  th e  b a llis t ic  m iss ile ’s e x tr e m e  sp e e d , th e  c h a ra c te r is t ic  th a t  h a s  th e  
g re a te s t  p o te n t ia l ,  is so m e w h a t m o d if ie d  b y  l im i ta t io n s  im p o s e d . T h e  first 
m issiles w ill b e  so l im i te d  in  te rm s  o f  a cc u rac y  a n d  y ie ld  th a t  i t  w ill b e  im 
p o ss ib le  to  ta k e  a d v a n ta g e  o f sp e e d  to  h i t  e n e m y  fo rces  a n d  th u s  e l im in a te  
th e  e n e m y ’s c a p a b il i ty  to  r e ta l ia te .  T h e  r e s t r ic t io n  o f  th e  e a r ly  m iss ile s  to  
la rg e -a rea  ta rg e ts , c o n tro l  c e n te rs , o r  in d u s t r ia l  a re a s  c o m p ro m ise s  th e  ad- 
v a n ta g e s  o f  sp ee d . T h e s e  la rg e -a re a  ta rg e ts  a re  im p o s s ib le  to  h id e  a n d  a re  
c o m p le te ly  im m o b ile . W a r n in g  tim e  o r  p r e p a r a t io n  fo r  e x p e c te d  a t ta c k  w ill 
h a v e  l i t t l e  effect. C e r ta in  p r e c a u t io n a ry  m e a n s  can  b e  ta k e n  to  save  life  
th ro u g h  p assiv e  d e fe n se , sh e lte rs , a n d  e v a c u a tio n ;  a n y  e n e m y  g o v e rn m e n t  
in i t i a t in g  h o s til i t ie s  p re s u m a b ly  w o u ld  ta k e  th e se  s te p s  b e fo re  a t ta c k in g . 
D e s tru c tio n  to  th e  ta rg e t  a re a  itse lf  c a n n o t  b e  e v a d e d , b u t  sp e e d  o f  a t ta c k  in  
th is  in s ta n c e  w o u ld  b e  o f  l i t t le  c o n se q u e n c e .

E v en  w ith  its  k n o w n  l im i ta t io n s  th e  b a ll is t ic  m iss ile  le n d s  i ts e lf  id e a lly  
to  som e o f  th e  m iss io n s n o w  p e r fo rm e d  by  th e  lo n g -ra n g e  m a n n e d  b o m b e r . 
W ith in  th e  n e x t  tw o  d e ca d e s  it  a p p e a r s  th a t  th e  b a ll is t ic  m iss ile  w ill b e c o m e  
th e  p r im a ry  m e a n s  o f  c o n d u c t in g  o ffen s iv e  s t ra te g ic  o p e r a t io n s  a g a in s t  a n  
en em y , s u p e rs e d in g  th e  c o n v e n tio n a l  m a n n e d  b o m b e r  a ir c r a f t .  I n  th e  ín 
te r im , s u b s t i tu t io n  o f  th e  m issile s fo r  th e  m o re  c o n v e n t io n a l  sy stem s w ill be 
m a d e  as r a p id ly  as te c h n ic a l  p ro g re ss  p e rm its . T h e  t r a n s i t io n  p e r io d  w ill 
see a  g ra d u a l  c h an g e , w ith  th e  b a ll is t ic  m iss ile  a n d  th e  lo n g - ra n g e  m a n n e d  
b o m b e r  b e in g  used  c o n c u r re n tly .

I n i t ia l ly  th e  b a llis tic  m issile  c o u ld  b e s t s u p p le m e n t  th e  s tra te g ic  a i r c r a f t  
fo rce  by p ro v id in g  a  v e ry  fa s t r e a c t io n  to  a n y  e n e m y  w a r  a c t io n . T h e  psy- 
c h o lo g ic a l effect o f ev en  th e  re la t iv e ly  in a c c u ra te  e a rly  m issile s  f a l l in g  o n  th e  
e n em y  h e a r t la n d  w ith in  a m a t te r  o f  m in u te s  o f  th e  first o u tb r e a k  o f  g e n e ra l
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w a r  w o u ld  b e  c o n s id e ra b le . T h e  sh o ck  g e n e ra te d  by  su ch  a n  a t ta c k  w o u ld  
f a c i l i ta te  th e  a p p l ic a t io n  o f  o th e r  fo rces. F as t m iss ile  s tr ik e s  in  a d v a n c e  o f th e  
a i r c r a f t  c o u ld  a id  th e  m o re  a c c u ra te  m a n n e d  b o m b e r  a t ta c k  by c a u s in g  g e n 
e ra l  c o n fu s io n , d i s r u p t io n  o f  C o m m u n ic a tio n s , a n d  p o ss ib le  d a m a g e  to  en em y  
d e fen se s , p a r t ic u la r ly  p o in t  d e fe n se s  a d ja c e n t  to  th e  la rg e -a re a  m issile  ta rg e ts . 
E n e m y  d e fe n se s  a g a in s t a i r c r a f t  a t ta c k  a re  im p ro v in g  c o n s id e ra b ly . I t  is 
c o n c e iv a b le  th a t  th e re  m ig h t  b e  so m e  im p o r ta n t ,  h e a v ily  d e fe n d e d  ta rg e ts  
t h a t  w o u ld  b e  a lm o s t im p o s s ib le  to  d e s tro y  w ith  m a n n e d  b o m b e rs  w ith o u t  
u n a c c e p ta b le  losses. I n  su c h  a  s i tu a t io n  th e  b a ll is t ic  m iss ile  m ay  b e  th e  o n ly  
p ra c t ic a b le  m e th o d  o f  d e s tro y in g  th e se  v i ta l  ta rg e ts . S alvos o f  th e  e a rly  b a l 
lis tic  m issile s c o u ld  be  u sed  to  c o m p e n s a te  fo r  in a c c u ra c ie s  a n d  l im ite d  y ie lds. 
Im m e d ia te  m iss ile  r e ta l ia to r y  s tr ik e s , a ss is tan ce  to  m a n n e d -b o m b e r  p e n e tra -  
t io n ,  a n d  a tta c k s  o n  h e a v ily  g u a rd e d , la rg e -a re a  ta rg e ts  w ill b e  th e  c o n tr i-  
b u t io n s  o f  th e  ea rly  m iss ile s  to  th e  b o m b a r d m e n t  fo rce  in  th e  e x e c u t io n  o f 
th e  s tra te g ic  m iss io n .

F u tu re  Im p a c t

T h e  e v e n tu a l  lo n g -ra n g e  im p a c t  o f  th e  b a ll is t ic  m iss ile  o n  w a rfa re  is 
d iff icu lt, if  n o t  im p o ss ib le , to  a s c e r ta in . N o  a r m a m e n t  o f w a rfa re  is ev e r  
s ta t ic  in  its  d e v e lo p m e n t  o r  a p p l ic a t io n .  T h e  e te r n a l  sw in g  o f  th e  p e n d u lu m  
f ro m  o ffen s iv e  w e a p o n  to  c o u n te r  d e fe n s iv e  m e a s u re  a lo n e  c o u ld  c o n c e iv ab ly  
r e n d e r  th is  se e m in g ly  m a s te r  w e a p o n  o f  th e  f u tu r e  o b s o le te  b e fo re  it  is e v e r 
u se d  in  w a rfa re . In  th e  p r e s e n t  s tag e  o f  d e v e lo p m e n t  a n y  d e fe n se  a g a in s t 
th e  b a ll is t ic  m iss ile  in  f lig h t, w ith  its  e x tre m e ly  h ig h  a l t i tu d e s  a n d  sp eed s, 
a p p e a r s  to  b e  a  ta sk  o f  g ig a n tic  p r o p o r t io n s .  Y et th e  v e ry  n a tu r e  o f  th e  b a l 
lis tic  tr a je c to ry , a p a th  th a t  is u n v a r ia b le  a n d  eas ily  a n d  q u ic k ly  c o m p u te d , 
m a y  b e  its  u n d o in g . T h e  p o l i t ic a l  r a m if ic a t io n s  o f  th e  use  o f n u c le a r-a rm e d  
b a ll is t ic  m iss ile s  m ay  d e c id e  w h e th e r  th is  w e a p o n  w ill h a v e  a n y  im p a c t a t  
a ll o n  a c tiv e  w a rfa re  o r  a n y  in f lu e n c e  in  p e a c e tim e . T h e r e  is e v id e n c e  o f  
g ro w in g  c o n c e rn  w ith  th e  c o m in g  o f  “ a to m ic  p a r i ty ” a n d  th e  p o ss ib ili ty  o f  
a c ts  th a t  so m e  h av e  te rm e d  b o r d e r in g  o n  “m u tu a l  s u ic id e .” W o r ld  p o li t ic a l  
c o n d i t io n s  c h a n g e  a n d  so d o e s  th e  U .S . n a t io n a l  p o lic y  o f  w h ic h  th e  m ili ta ry  
is a n  in s t r u m e n t .  A n y  p r o je c t io n  o f  w a rfa re  e m b ra c in g  th e  use o f  new  
w e a p o n  system s m u s t a lso  ta k e  in to  a c c o u n t th e  p r o b a b le  p o li t ic a l-m ili ta ry  
g r a n d  s tra te g y .

In  e n d e a v o r in g  to  u n d e r s t a n d  th e  f u tu r e  im p a c t  o f  m issiles it  w o u ld  
p ro b a b ly  b e  b e t t e r  n o t  to  try  to  p ro b e  to o  fa r  in to  th e  fu tu re . T h e  c h an g e s  
w ro u g h t  by th e i r  in t r o d u c t io n  w ill b e  g re a t ,  a n d  th e  c h a n g e s  in  w a rfa re  
a f t e r  th e  n e x t  tw e n ty  y ears , w h e n  th e  m issile s w ill h a v e  re a c h e d  th e i r  ad- 
v a n c e d  c a p a b i l i ty ,  w ill b e  r e v o lu t io n a ry .  F o r  th e  p u rp o s e  o f  d iscu ss io n  a n d  
to  e s ta b lis h  so m e te rm s  o f  r e fe re n c e , th e  a d v a n c e d  c a p a b i l i ty  o f  th e  b a llis tic  
m iss ile  m a y  b e  d e s c r ib e d  as e x tr e m e  a c c u rac y , u n l im i te d  ra n g e , a n d  th e  
c a r ry in g  o f  a  v a r ia b le  w a rh e a d . O th e r  a s s u m p tio n s  a b o u t  th e  p e r fe c te d  b a l 
lis tic  m iss ile  m u s t in c lu d e  a  h ig h  d e g re e  o f  d e p e n d a b i l i ty ,  a n  a d e q u a te  stock- 
p ile , a n d  a  c o n t in u in g  re c o n n a is s a n c e  su ffic ien t to  s u p p ly  a c c u ra te  a n d  de-
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ta i le d  ta rg e t  in fo rm a t io n . T h e  f u tu r e  b a ll is t ic  m iss ile  d e s c rib e d  h e re  m ay  
n e v e r  be  rea liz e d ; b u t  if  th e  a d v a n c e d  w e a p o n  a p p ro x im a te s  th e  c a p a b i l i t ie s  
a ssu m ed  o n  th e  basis o f  to d a y ’s te c h n o lo g ic a l p ro m ise , i t  w ill b e  a f o rm id a b le  
w e a p o n  in d e e d .

T h e  p a r a m o u n t  c h a ra c te r is t ic  o f  th is  f u tu r e  w e a p o n  sy stem  w ill b e  its 
co m p re ss io n  o f  f irep o w er in  t im e  a n d  sp ace . T h i s  c o m p re ss io n  e ffect o n  
th e  lo n g -re v e re d  p r in c ip ie s  o f w a r  a n d  o n  th e  m o re  r e c e n t  d o c t r in a l  d e c re e s  
o f  th e  p re se n t-d a y  Services w ill b e  g re a t . A d ju s tm e n ts  w ill b e  d ifficu lt. T h e  
o ld , te s te d  p r in c ip ie s  a n d  m u c h  o f  th e  m o d e rn -d a y  d o c tr in e  w ill s t i l l  b e  v a lid  
fro m  th e  p u r is t  v ie w p o in t, b u t  th e  tim e  c o m p re s s io n  by th e  w e a p o n  w ill g iv e  
th e m  n e w  s ig n ifican ce  a n d  a l te r e d  e m p h a s is .

F o r  in s ta n c e , e c o n o m y  o f  fo rce  a n d  c o n c e n tr a t io n  o f  fo rce  w ill h a v e  
n ew  m e a n in g . T h e  in e v i ta b le  c o m p le tio n  o f  th e  b a ll is t ic  m iss ile  m iss io n  
c o u p le d  w ith  th e  la rg e  d e s tru c tiv e  p o w e r  o f  th e  n u c le a r  w a rh e a d  w ill m a k e  
p o ss ib le  a n  o rd e r ly  n e u tr a l iz a t io n  o f c o m p le te  ta rg e t  system s p e r fo rm e d  w ith  
th e  u tm o s t e co n o m y  to  f r ie n d ly  fo rces. T h e  f re e  d isp o s a l o r  p la c e m e n t o f  
forces, a p r in c ip ie  o f w a r  w h ic h  c a n  in c lu d e  m o b il i ty , f le x ib ility , a n d  su rp r is e , 
w ill n o t  c h a n g e , th o u g h  th e  c o n c e p t o f  o p e r a t io n s  w ill b e  g re a tly  m o d if ie d . 
T h e  n ew  w e a p o n , p re p o s i t io n e d  as i t  m u s t b e , g iv es n e w  m e a n in g  to  m o b il i ty  
a n d  f le x ib ility . B ecau se  o f  th e  w e a p o n 's  sp e e d , r a n g e , a n d  a cc u rac y  a n y  
ta r g e t  system  se lec ted  c o u ld  be  h i t  w ith  a n y  d e g re e  o f  in te n s i ty  d e s ire d . W ith  
m o v e m e n t o f  fo rces a t  th e  r a te  o f  16,000 m ile s  p e r  h o u r ,  th e  s u rp r is e  to  be  
e ffec ted  w ill b e  a c h ie v e d  in  a  m a t te r  o f  m in u te s .  D is p o s i t io n  o f  fo rce s  a n d  
se c u rity  a re  p r in c ip ie s  th a t  w ill g o v e rn  e v en  n a t io n a l  su rv iv a l in  th e  com - 
p re sse d  tim e  p h a s in g  o f  th e  n e w  a to m ic -b a llis tic  age. F o rc e  d e p lo y m e n t  
a n d  fo rc e - in -b e in g  w ill h a v e  to  b e  c n  im m e d ia te ,  b a tt le - re a d y  v ig ila n c e  a t  
a ll tim es. T h e  se c u rity  o f  th e  fo rce  w ill d e te r m in e  its  p o te n t ia l  d e s tru c t iv e  
p o w e r  a n d  in  tu r n  its  d e te r r e n t  effect, f o r  th is  w ill a lso  b e  th e  ag e  o f  c o u n te r -  
fo rce  o p e r a t io n .  W ith  e ac h  c o m b a ta n t  h o ld in g  q u ic k  life  o r  d e a th  o v e r  th e  
o th e r  by  v i r tu e  o f  s u p e r a rm a m e n t ,  th e  s u p e r a r m a m e n t  i tse lf  b e co m e s  th e  
p r im e  ta rg e t . T h e  d e s tru c t io n  o f a n  e n e m y  n a t io n a l  c a p i ta l  is sm a ll g a in  
w h e n  t r a d e d  a g a in s t th e  a n n ih i la t i o n  o f  th e  f r ie n d ly  n a t i o n ’s o w n  c a p i ta l .  
T h e  n ew  e ra  w ill d e m a n d  d is p o s i t io n  o f  fo rces  in  in s ta n t- r e a d y  p o s it io n , 
re la t iv e ly  se c u re  a g a in s t e n e m y  a c t io n , a n d  a im e d  a t  c o u n te r in g  th e  e n e m y  
o ffensive  p o w e r.

T h e  g r a n d  s tra te g y  o f  th e  U n i te d  S ta te s—th e  m a in te n a n c e  o f  in e lu c ta b le  
fo rce  w ith  d e s tru c tiv e  p o w e r  u n a c c e p ta b le  to  a n  e n e m y —w ill n o t  c h a n g e  w ith  
th e  c o m in g  o f ag e  of th e  m issile . T h e  c o m p re ss io n  o f  tim e , th e  a b i l i ty  to  re- 
a c t ve ry  q u ic k ly  to  a n y  a c t o f  a g g re ss io n , w ill b e c o m e  in c re a s in g ly  im p o r ta n t  
as u n iv e rs a l im p ro v e m e n ts  a re  m a d e  in  th e  b a ll is t ic  m iss ile  w e a p o n s . U n t i l  
a n  e n e m y  is a ssu red  th a t  th e  U n i te d  S ta te s ’ n u c le a r -a rm e d  b a ll is t ic  m iss ile  
c a p a b il i ty  c a n  b e  d e s tro y e d , o r  u n t i l  a n  e n e m y  c re a te s  a n  im p r e g n a b le  de- 
fen se  a g a in s t  th e  m issile , th e re  seem s l i t t le  d a n g e r  th a t  a ll-o u t w a r  w ill be  
d e lib e ra te ly  in i t ia te d  e x c e p t as a n  a c t o f  i r r a t io n a l i ty .  Im m e d ia te  b a ll is t ic  
m iss ile  r e ta l ia t io n  re d u c e s  th e  in i t i a t io n  o f  u n l im i te d  w a r  to  s h e e r  a d v e n tu r -  
ism . C a lc u la t io n  o f  risk s b eco m es u n re a l ;  th e  cost o f  m is c a lc u la tio n  b eco m es
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u n a c c e p ta b le  in  log ic . T h e  s tra te g y  w ill s t r e n g th e n  to  su ch  a n  e x te rn  th a t  
g e n e ra l  a ll-o u t w ar, a lw ay s a b h o r r e n t  in  th e  eyes o f re a s o n a b le  m en , m ay  
b e c o m e  a th in g  o f  th e  p a s t.

T a c t ic s  w ill c h an g e . C o n v e n t io n a l ly  th e  te rm  “ ta c tic s” a p p lie s  to  a c tio n s  
ta k e n  a f te r  th e  s ta r t  o f  th e  b a t t le  in  s u p p o r t  o f  th e  o v e r-a ll c a m p a ig n  p la n  
o r  s tra te g y . H e re  a g a in , o ld  c o n c e p ts  m u s t b e  b e n t  to  m e e t n ew  c o n d itio n s . 
T h e  c o m p re s s io n  o f t im e  by th e  n ew  w e a p o n  w ill m e a n  p re h o s t i l i ty  p la n n in g  
a n d  o p e r a t io n a l  re a d in e s s  to  a n  e x te n t  h e re to fo re  u n k n o w n . U n d e r  su ch  
c o n d i t io n s  o f  c o m p le te  w a r t im e  re a d in e s s . th e  fo rce  m u s t b e  re a d y  to  s tr ik e  
v i ta l  e n e m y  h e a r t l a n d  ta rg e ts  l i te ra lly  a t  a m o m e n f s  n o tic e . P r o p e r  d ep lo y - 
m e n t ,  b o th  in  th e  c o n t in e n ta l  U n i te d  S ta te s  a n d  in  s ta te g ic a lly  lo c a te d  a n d  
se c u re  s ite s  o verseas , w ill h a v e  to  b e  m a d e . V ast lo g is tic a l a r r a n g e m e n ts  a n d  
n e tw o rk s , th e  li fe b lo o d  o f  th e  fo rce , w ill h a v e  to  b e  e s ta b lish e d . C o m p le te  
a n d  u n d is r u p t iv e  c o m m u n ic a t io n  n e ts , th e  n e rv e  system  o f  th e  fo rce , w ill 
h a v e  to  b e  m a in ta in e d . T r a i n in g ,  p la c e m e n t,  a n d  m a n a g e m e n t o f sk illed  
p e r s o n n e l  w ill b e  r e q u ir e d ;  a n d  a ll th e se  th in g s  m u s t b e  fu n c t io n in g  o n  a 
fu l l  w a r t im e  basis  in  a n y  p e r io d  o f u n e a sy  p eace .

F u tu re  C o n tro l

C o n tr o l  o f  th e  fo rce  w ill h a v e  to  b e  u n e q u iv o c a l  a n d  a b s o lu te . I n  th is  
fie ld  o f  c o n tro l ,  p e rh a p s  m o re  th a n  in  a n y  o th e r ,  c h a n g e s  w ill be  m o st d ifficu lt. 
N e w  te c h n o lo g y  p ro d u c e s  n e w  h a rd w a re , a n d  n ew  h a rd w a re  re q u ire s  n ew  
o p e r a t io n a l  c o n c e p ts . T h e s e ,  in  tu r n ,  r e q u i r e  n e w  s u p p o r t in g  lo g is tic s  a n d  
n e w  sk ills  a n d  t r a in in g  o f  p e r s o n n e l .  T h e s e  th in g s , fo r  th e  m o st p a r t ,  a re  
r e a d ily  re c o g n iz e d  a n d  a c c e p te d  w ith in  th e  m ili ta ry .

U n f o r tu n a te lv  th is  is n o t  a lw ay s t r u e  w ith  a n y th in g  a p p r o a c h in g  or- 
g a n iz a t io n a l  o r  c o m m a n d  a n d  c o n tro l  a r r a n g e m e n ts  d e s ig n e d  to  fit n ew  m o d es 
o f  w a rfa re . T h e s e  su b je c ts , f r a u g h t  as th e y  a re  w ith  in te rs e rv ic e  p re ju d ic e s  
a n d  w ith  Serv ice t r a d i t io n s ,  ra re ly  re c e iv e  o b je c tiv e  m il i ta ry  s tu d y . A p u re ly  
m il i ta ry  s o lu t io n  to  c o m m a n d  a r r a n g e m e n t  is im p o ss ib le , a n d , in  th e  la st 
a n a ly s is , p e rh a p s  th is  is a g o o d  th in g . A n y  a r r a n g e m e n t  a ffe c tin g  th e  very  
su rv iv a l o f  th e  n a t io n  s h o u ld  b e  th e  c o n c e rn  o f  a ll. T h e  tr o u b le  is th a t  to o  
m a n y  p e o p le  h av e  h o n o r a b le  in te re s ts  a n d  in d iv id u a l  lo y a ltie s  th a t  som e- 
tim e s  c o n flic t w ith  th e  h a rd ,  c le a r-c u t d e c is io n  th a t  w o u ld  g iv e  th e  U n i te d  
S ta te s  m il i ta ry  th e  k in d  o f  c o n tro l  it n e e d s  if i t  is n o t  to  v i t ia te  th e  tim e- 
c o m p re s s io n  c h a ra c te r is t ic  th a t  m ak e s  th e  n ew  w e a p o n  so p o te n t .  1  he  
c h a n g e s  to  o u r  m ili ta ry  c o n tro l  s t ru c tu re  w ill h a v e  to  be  o f la rg e  m a g n itu d e ,  
s te m m in g  f ro m  th e  c o m m a n d e r- in -c h ie f  a n d  o n  d o w n . l h e  lu x u ry  o f  severa l 
a g e n c ie s  p e r fo r m in g  th e  sa m e  tasks, th e  g e n tle m a n ly  a g re e m e n ts  o f  c o o p e ra - 
t io n  a n d  n o n in f r in g e m e n t  o n  t r a d i t io n a l  p re ro g a t iv e s —re a l o r  fa n c ie d . th e  
le is u re ly  ta lk - ta lk  e n d in g  in  th e  in n o c u o u s  c o m p ro m ise , w ill a ll b e  in a d e q u a te  
to  c o p e  w ith  a  w e a p o n  system  th a t  c a n  k ill a n a t io n  in  h a lf  a n  h o u r. 
M il i ta ry  c o m m a n d  s t r u c tu r e  s h o u ld  b e  a r r a n g e d  to  f ig h t th e  n e x t w ar, n o t 
th e  la s t  o n e . P e rh a p s  n o  o th e r  p ro b le m  is m o re  d e s e rv in g  o f  o u r  b e s t s tu d y
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a n d  ea rly  re s o lu t io n  th a n  th e  o n e  o f  o rg a n iz a i io n  a n d  c o m m a n d  c o n tro l  
necessarv  to  figh t th e  a d v a n c e d  b a ll is t ic  m iss ile  in  to m o r ro w ’s b a t t le .

T h e  c o n tro l l in g  e le m e n t tra n sc e n d s  th e  m ili ta ry . A n y  w e a p o n  th a t  has 
th e  p o te n t ia l  o f  s ta r t in g  a n d  e n d in g  a conH ic t in  o n e  a c t io n  w ill b e  th e  
c o n c e rn  o f  th e  h ig h e s t a u th o r i ty .  B ecau se  th e  p o li t ic a l  a sp e c ts  in v o lv e d  w ill 
be  g re a t a n d  la s tin g , a n y  d e c is io n  to  u n le a s h  th e  f u tu r e  b a ll is t ic  m iss ile  fo rce  
can  be  m ad e  by n o  less th a n  th e  P re s id e n t  w ith  th e  c o n s e n t o f  th e  C o n g re ss . 
S ince  o u r  n a t io n a l  p o licy  is firm ly  d e d ic a te d  to  p r e v e n t in g  w a r  a n d  o u r  
m ili ta ry  c a p a b ili ty  g e a re d  to  r e a c t in g  a g a in s t  a g g re ss io n , th e re  a p p e a r s  l i t t lc  
l ik e lih o o d  th a t  C o n g ress  w ill be  c o n f ro n te d  w ith  th e  d e c is io n  to  d e c la re  wra r. 
T h u s , a n y  d e c is io n  w ill u n d o u b te d ly  co m e  fro m  th e  P re s id e n t  as C o m m a n d e r-  
in -C h ie f, in  a s i tu a t io n  c le a rly  r e q u i r in g  a n d  re c e iv in g  p u b l ic  e n d o r s e m e n t  
a n d  C o n g re ss io n a l a p p ro v a l .

T h e  use o f  o ffen siv e  w e a p o n s  o f  th e  c a l ib e r  o f th e  n u c le a r -a rm e d  
b a llis tic  m issile  a g a in s t e n e m y  te r r i to ry , re g a rd le ss  o f th e  p ro v o c a t io n , is a n  
u n m is ta k a b le  in v i ta t io n  to  u n l im i te d  w ar. A u th o r i ty  to  la u n c h  su ch  w e a p o n s , 
ev en  w h e n  we a re  c o n f ro n te d  w ith  im m in e n t  a t ta c k , is n o t  very  lik e ly  to  be 
d e le g a te d  by th e  P re s id e n t. D e c is io n  to  la u n c h  a n  a t ta c k  w ill p ro b a b ly  h a v e  
to  d e p e n d  u p o n  s tra te g ic  w a rn in g  th a t  a n  e n e m y  a t ta c k  is im m in e n t  a n d  
in e v ita b le . W a r n in g  o f  th is  n a tu r e  is clifficult to  o b ta in .  W h e n  o b ta in a b le  
it c o u ld  easily  b e  m is in te rp re te d .  A  c o u n try  n o  lo n g e r  w ill h a v e  th e  a d v a n -  
tag e  o f  o b s e rv in g  th e  c o n v e n t io n a l  in te l l ig e n c e  s igns: s to c k p il in g , t r o o p  b u ild -  
u p , m a n e u v e rs —a ll th e  p a r a p h e r n a l ia  o f  fo rm e r  p r e p a r a t io n  fo r  w a r. R a th e r  
p r e p a r a t io n s  w ill be  m a d e  m o n th s  a n d  y ea rs  in  a d v a n c e , w ith  th e  fin a l 
p r e p a r a t io n  n o th in g  m o re  th a n  to p p in g  off fu e l c o n ta in e r s  a n d  fin a l ch o ice  
fro m  a m o n g  p re se le c te d  ta rg e ts . L o n g -ra n g e  o r  a d v a n c e  in te l l ig e n c e , by its 
very  p a u c ity , w ill n o t  be  r e l ia b le  e n o u g h  fo r  d e c is io n . S h o r t- ra n g e  in te l l ig e n c e  
re p o r ts  o f  a p o s itiv e  n a tu r e .  e .g ., m issile s in  f lig h t, w ill b e  a v a i la b le  fo r  o n ly  
a  few  m in u te s  a n d  b e  p ra c tic a lly  w o r th le s s  as a m e a n s  o f  b u y in g  t im e  fo r  
d e c is io n .

A lth o u g h  a d m in is tr a t iv e  a n d  te c h n ic a l  p ro c e d u re s  h a v e  b e e n  e s ta b lis h e d  
to  k e ep  th e  P re s id e n t  fu lly  in fo rm e d , th e re  is a lw ay s th e  d a n g e r  th a t  a n  
e n e m y  su rp r is e  a t ta c k  c o u ld  d e s tro y  c o m m u n ic a t io n  fac ilitie s . S in ce  th is  w ill 
b e  a c o u n te r fo rc e  a tta c k , e v en  th e  m e a n s  o f  r e ta l ia t io n  m ay  be  d e s tro y e d  be- 
fo re  a d e c is io n  c o u ld  b e  r e n d e re d .  T h u s  n a t io n a l  su rv iv a l u n d e r  th e  c o n d i t io n s  
o f  c o m p le te  su rp r ise  a t ta c k  w ill d e p e n d  u p o n  p r e a r r a n g e d  ru le s  o f  en g ag e - 
m e n t as w ell as u p o n  m ili ta ry  re a d in e s s . T h e r e  is a d i s t in c t  r e q u i r e m e n t  fo r 
th e  fo rm u la t io n  o f  a u to m a tic  ru le s  o f  e n g a g e m e n t a p p r o v e d  by th e  P re s id e n t  
a n d  th e  C o n g re ss  a n d  m a d e  k n o w n  to  th e  w o rld .

T h e  in i t ia l  c a p a b i l i ty  o f  th e  b a ll is t ic  m iss ile  w ill assist th e  U n i te d  S ta te s  
s tra te g ic  a i r  fo rces in p e r f o n n in g  th e  d e te r r e n t  m iss io n . T h e  a d v a n c e d  n u 
c le a r-a rm e d  b a llis tic  m issile , w ith  its  e x tre m e  a cc u rac y  a n d  ra n g e , w ill n o t  
c h a n g e  U .S. basic  p h ilo so p h y  o f  w a r  b u t  it w ill r e v o lu t io n iz e  o p e r a t io n s  as 
th e  m issile  b eco m es th e  p r in c ip a l  in s t r u m e n t  o f  o ffen s iv e  fo rce , l  h e  key  to  
th e  w e a p o n  s im p a c t, in  e i th e r  its  in i t ia l  o r  u l t im a te  ro le , u p o n  w a rfa re  a n d
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th u s  u p o n  th e  n a t io n s  o f  th e  w o r ld  is its  te r r if ic  c o m p re ss io n  o f tim e  a n d  
sp ace . T h i s  c a p a b il i ty  in  th e  h a n d s  o f  a n  e n em y  n a t io n  b e n t  o n  d o m in a t io n  
m ay  b e  th e  v e ry  in c e n tiv e  fo r  a g g ress io n . I ts  p o ssession  by a n  e n em y  b eco m es 
e v en  m o re  d a n g e ro u s  if it h a p p e n s  to  b e  in  th e  h a n d s  o f th o se  w h o  w o u ld  
n o t  m in d  th e  d e s tru c t io n  o f  a  m il l io n  lives o r  a  d o z e n  c itie s  to  o b ta in  th e i r  
o b je c tiv e s . In  a n y  e v a lu a t io n  o f  th e  f u tu r e  o f  th e  b a ll is t ic  m issile , o n e  fac t 
is c le a r : th e  U n i te d  S ta te s  s h o u ld  k e e p  as fa r  in  a d v a n c e  as p o ss ib le  in  th e  
d e v e lo p m e n t  o f  b o th  th e  b a ll is t ic  m iss ile  a n d  th e  d e fe n s iv e  m e a su re s  a g a in s t 
it. A n  e n e m y  is n o t lik e ly  to  la u n c h  a n  a t ta c k  th a t  h as  sm a ll c h a n c e  o f  a 
q u ic k  success. M e a n s  o f  m iss ile  d e fe n s e  b e a r  d ire c t ly  o n  th e  p ro b le m  of 
d e te r r e n c e .

T h e  e r a  o f  th e  m iss ile  w ill m a k e  w a r  m o re  u n a t t r a c t iv e  th a n  ev er. 
T h e  v e ry  g r e a t  a n d  im m e d ia te  d e s tr u c t io n  e n v isa g e d  o n  b o th  v a n q u is h e d  a n d  
v ic to r —if in d e e d  o n e  s id e  c o u ld  b e  c a lle d  a  v ic to r—m ay  b e  so g re a t  as to 
s p a rk  so m e  sy stem  o f  in te r n a t io n a l  c o n tr o l  a n d  s e t t le m e n t  o f d iffe re n c e s  s h o r t  
o f  a ll-o u t w a r. A m e r ic a n  m o ra l i ty  h a s  b e e n  r e a c h in g  fo r  su ch  a g o a l fo r  
so m e  tim e . T h e  b e n e v o le n t  if  q u ix o t ic  d is a r m a m e n t  a t te m p ts  o f  th e  p a s t 
a re  p ro o f  o f  g o o d  in te n t io n .  I t  is f u r th e r  a  fa c t th a t  th e  U n i te d  S ta te s  has 
n o t  u sed  its  p r e p o n d e r a n c e  o f  fo rce  in  th e  r e c e n t  p a s t to  g a in  a n y  k in d  o f 
d o m in a n c e  o v e r  o th e r  n a t io n s , e v e n  in  th e  face  o f  e x tre m e  p ro v o c a tio n . T h is  
to o  w as a t  a  t im e  w h e n  A m e r ic a n  p o w e r  w as s u p re m e  a n d  c o u ld  b e  a p p l ie d  
w i th o u t  th o u g h t  o r  d a n g e r  o f  r e t a l i a t io n  to  th e  U n i te d  S ta tes . A lth o u g h  n o t 
in d ic a te d  in  th e  fo re se e a b le  f u tu r e ,  p u b l ic  o p in io n  in  s u p p o r t  o f  a w o rld  
a u th o r i ty  m ay  b r in g  a b o u t  a n  e v e n tu a l  u n d e r s ta n d in g  a n d  a c c e p ta n c e  o f th e  
im p lic a t io n s  o f  th e  b a ll is t ic  m iss ile  e ra . T h e  U n i te d  S ta te s , by  a ll m ean s, 
s h o u ld  e n c o u ra g e  a n y  o v e r tu re s  in  th is  d ire c t io n .

I t  is p r o b a b ly  a g re e d  by  a ll th a t  a n y  so r t  o f  firm  u n iv e rs a l  l im i ta t io n s  o n  
th e  u se  o f  w e a p o n s  c o u ld  b e  a c h ie v e d  o n ly  u n d e r  a s u p r a n a t io n a l  g o v e rn m e n t 
th a t ,  in  tu r n ,  w o u ld  h a v e  to  b e  a rm e d  w ith  th e  la te s t , m o st p o w e rfu l  w e a p o n  
—th e  n u c le a r -w a rh e a d  b a ll is t ic  m iss ile . T h e r e  is n o  in d ic a t io n  th a t  so v e re ig n  
S tates w ill r e l in q u is h  su ch  p o w e r  to  a  s u p r a n a t io n a l  g o v e rn m e n t in  th e  
p r e s e n t  o r  fo re s e e a b le  f u tu r e .  I t  seem s th a t  th e  b e s t th e  w o r ld  can  e x p e c t 
f ro m  th e  b a ll is t ic  m iss ile ’s im p a c t  o n  w a r fa re  w ill b e  a p e r io d  o f  u n easy , 
m u tu a l  d e te r re n c e .

Evaluation Staff, Air War College
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F
E W  a re a s  o f  m ili ta ry  a n d  sc ien tific  th o u g h t  a re  m o re  b e se t w ith  co n jec - 

tu re , as o p p o se d  to  fa c t-b a se d  lo g ic , th a n  is th a t  c o n c e rn in g  d e fe n se  
a g a in s t  th e  b a ll is t ic  m issile . O n e  h e a rs  th e  c lic h ê  th a t  n o  o ffen s iv e  a rm a - 

m e n t  in  th e  h is to ry  o f  w a rfa re  h a s  lo n g  e x is te d  w ith o u t  e ffec tiv e  c o u n te r s  to  
i t  b e in g  d ev ised . B u t i t  is a lso  t r u e  th a t  n o  c o m p e te n t  sc ie n tif ic  o r  m il i ta ry  
a u th o r i ty  w ill to d ay  c o n f id e n tly  p r e d ic t  th a t  a n y  p a r t i c u la r  d e fe n s iv e  sch em e  
a g a in s t  th e  IC B M  is re a lly  p ra c tic a b le . B e th a t  as i t  m ay , th e re  is a n  a b id in g  
u rg e n c y  a b o u t  th e  th r e a t  w h ic h  d e m a n d s  th a t  w e n o t  s im p ly  ig n o re  i t  a n d  
h o p e  th a t  it w ill go aw ay.

B e fo re  w e e x a m in e  so m e o f  th e  p o s s ib il i t ie s  in  d e fe n s e  a g a in s t  b a ll is t ic  
m issiles  it  m ig h t  be w e ll to  re v ie w  so m e  o f  th e  p r in c ip ie s  o f d e fe n s e  a g a in s t  
a n y  m ili ta ry  th re a t ,  if  o n ly  to  fix a few  te rm s  th a t  w ill b e  u se d  f ro m  tim e  to  
t im e  in  th is  w r itin g .

A  d e fe n se  a g a in s t m ili ta ry  th r e a t  m u s t b e  ro o te d  in  a  r e c o g n i t io n  o f  th e  
th re a t ,  in c lu d in g  a  k n o w le d g e  o f  th e  e n e m y ’s s tra te g ic  in te n t .  L o g ic a lly  th e  
a t ta c k e r ’s s tra te g ic  i n t e n t  is c o n s is te m  w ith  th e  c a p a b i l i t ie s  o f  h is  w e a p o n  
system , so th e  d e f e n d e r —a rra e d  w ith  k n o w le d g e  o f t h a t  i n t e n t —is e q u ip p e d  to  
m ak e  a p p r o p r ia te  s tra te g ic  p r e p a r a t io n s .  T h a t  is, th e  d e f e n d e r  c a n  n o w  
d ev ise  th e  b e s t p o ss ib le  d e fe n s iv e  sy stem  a n d  fo rm u la te  c o n c e p ts  a n d , to  a 
d e g ree , p la n s  fo r  its e m p lo y m e n t. T r a d i t i o n a l ly  th e  d e fe n s e  f u n c t io n  to  th is  
p o in t  p ro c ee d s  a t  a c o m p a ra tiv e ly  le isu re ly  p a c e  a n d  d ra w s  m o re  o n  te c h n ic a l  
a n d  p o lit ic a l sk ills  th a n  o n  c lassica l m il i ta ry  sk ills. I t  h a s  b e e n  c o m m o n , as 
w ell, fo r  th e  r e s u l ta n t  d e fe n s iv e  c a p a b i l i ty  to  la g  b e h in d  th e  o ffen s iv e  cap a - 
b ility , so m e tim e s  by a p re t ty  f r ig h te n in g  m a rg in . T h i s  is th e  case w ith  th e  
b a ll is t ic  m issile .

O n c e  th e  a t ta c k  is la u n c h e d  th e  r e la t iv e  p ace  o f  th e  d e fe n s iv e  e ffo rt 
in c rea se s  g re a tly , a n d  it  is a t  th is  tim e  th a t  th e  c lassica l m il i ta ry  sk ills— 
n o ta b ly  ta c tic a l ju d g m e n t—co m e in to  p lay . A g a in  s p e a k in g  h is to r ic a lly , 
s u p e r io r  ta c tic a l ju d g m e n t  h a s  o f te n  su c c e e d e d  in  s p ite  o f  p o o r  s tra te g ic  
p r e p a r a t io n ;  fa u lty  ta c tic a l ju d g m e n t  h a s  o f te n  d is s ip a te d  a n  a p p a r e n t  s t r a 
teg ic  a d v a n ta g e . T a c t ic a l  ju d g m e n t  o n  th e  p a r t  o f  th e  d e f e n d e r  in v o lv es  su ch  
a c tio n s  as g a th e r in g  n ecessary  in fo r m a t io n ,  w a i t in g  u n t i l  th e  e s se n tia l  b its  
c a n  be  h a d  a n d  n o t w a s tin g  f u r th e r  t im e  o n c e  th e y  a re  a v a i la b le ,  d iv in in g  
th e  a t ta c k e r  s ta c tic a l i n t e n t  w h ile  th e re  is s till t im e  to  f ru s tr a te  it, a n d
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v ig o ro u s ly  p ro c e e d in g  w ith  th e  in d ic a te d  c o u n te r s t ro k e . D e fe n se  lias alw ays 
p la c e d  a h ig h  p re m iu m  o n  su re  k n o w le d g e  o r  sh re w d  guess, a n d  has im p o sed  
a sev e re  p e n a l ty  o n  u n c e r ta in ty .

Application to the Missile
W e  sh a ll  see th a t  a ll th e se  c lassica l fu n c t io n s  a n d  p r in c ip ie s  m u s t p lay  

th e i r  p a r t  in  th e  d e fe n se  a g a in s t  th e  b a ll is t ic  m issile . O u r  p ro b le m  can  be  
s ta tec l as o n e  o f  d e te r m in in g  h o w  to  a l te r  a n d  a d a p t  th e m . T h is  c u r r e n t  
c o n s id e ra t io n  w ill e x a m in e  so m e o f  th e  c h a ra c te r is t ic s  o f  th e  b a ll is t ic  m issile  
sy stem  itse lf  th a t  m u s t sh a p e  th e  d e fe n s e  a g a in s t  it. T h is  e ffo rt m ay  l im it  th e  
a re a  o f  o u r  ig n o ra n c e  o f h o w  to  fa s h io n  a n  e ffec tiv e  d e fe n s iv e  e ffo rt. I t  m ay  
th e n  b e  p o ss ib le  to  p o i n t  w ith  so m e  c o n f id e n c e  to w a rd  th e  a v e n u e s  th a t  m o re  
e x p l ic i t  sc ie n tif ic  a n d  m il i ta ry  e x p lo r a t io n  m u s t fo llo w .

L o o k in g  first a t  p e r t i n e n t  c h a ra c te r is tic s  o f  th e  b a ll is t ic  m iss ile  system  
itse lf , I re a liz e  th a t  a ll  th e se  w ill h a v e  b e e n  c o v e re d  r a th e r  e x te n s iv e ly  else- 
w h e re  in  th is  issue. I t  seem s u se fu l, th o u g h , to  n o te  th e m  h e re  a n d  n o w  so 
th a t  th e y  m ay  b e  b o rn e  in  m in d  in  o u r  f u r th e r  c o n s id e ra tio n s .

Flight Time. O n e  o f  th e  m o s t f r ig h te n in g  a sp e c ts  o f  th e  b a ll is t ic  m issile  
is its  e x tre m e ly  sh o r t  f lig h t tim e . E v e n  p e o p le  w h o  ro u t in e ly  d e a l in  th e  a r t  
o f  a i r  b a t t le  a t  a  th o u s a n d  m ile s  p e r  h o u r  o r  so te n d  to  b la n c h e  w h e n  th ey  
th in k  o f  d o in g  b a t t le  w ith  a v e h ic le  w h o se  e n t i r e  ta c tic a l life  s p a n  is o f  th e  
o r d e r  o f  a  h a lf  h o u r  o r  less. C e r ta in ly  th e  o p p o r tu n i t ie s  fo r  b r in g in g  h u m a n  
ju d g m e n t  a n d  ta c tic a l sk ill to  b e a r  in  su ch  a d u e l a re  to  b e  fa n ta s tic a lly  m o re  
l im i te d  th a n  w e h a v e  e v e r  e n c o u n te r e d  b e fo re , e v en  in  th e  fa s t-ev o lv in g  a ir  
ag e . S o m e w h a t o n  th e  o th e r  s id e  o f  th e  c o in , h o w e v e r, is th e  r e la t iv e  in flex i- 
b i l i ty  o f  th e  b a ll is t ic  m iss ile  sy stem . F o r  in s ta n c e , it m ay  b e  th a t  a p re p a re d  
m iss ile  c a n n o t  b e  s h if te d  f ro m  o n e  ta r g e t  to  a n o th e r  o r  a m o n g  a la rg e  v a r ie ty  
o f  ta rg e ts  w ith o u t  so m e  r a t h e r  t im e -c o n s u m in g  p r e p a r a t io n s .  M o re  to  th e  
p o i n t —o n c e  c o m m itte d , a  m iss ile  is d e s t in e d  fo r  o n ly  o n e  ta rg e t , a n d  its 
tr a je c to ry , w h ile  sh o rt- liv e d  a n d  fa r-f lu n g , is a lso  r ig id ly  c o n s t ra in e d  by law s 
o f  n a tu r e .

Trajectory. A n u n a c c e le ra te d  b o d y , su ch  as th e  b a ll is t ic  m iss ile  b eco m es
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the lo ca tin g  o f a n y  tw o  po in ts

e a rth  >

a f te r  fu e l b u r n o u t ,  m u s t tra v e i in  a n  e l l ip t ic a l  p a th  w h ic h  in te rs e c ts  th e  
e a r t h s  su rfa ce  a t tw o  p o in ts . I f  w e n e g le c t a t in o s p h e r ic  f r ic t io n , th e  e ll ip se  
c o n ta in in g  th e  H ight p a th  to  a p a r t ic u la r  ta rg e t  is d e te r m in e d  by tw o  fa c to rs : 
th e  ve lo c ity  o f  th e  b o d y  a n d  th e  fac t th a t  th e  n e th e r  fo cu s o f  th e  e ll ip se  is a t  
th e  c e n te r  o f  th e  e a r th  s g r a v i ta t io n a l  f ie ld , i.e ., a t  th e  c e n te r  o f  th e  e a r th . 
T he  g r e a te r  th e  v e loc ity , th e  m o re  e lo n g a te d  w ill be  th e  e llip se , w h ic h  is to  

say th e  h ig h e r  a b o v e  th e  su rfa c e  o f th e  e a r th  w ill b e  th e  a p o g e e  o f  th e  t r a 
jec to ry . F o r  a n y  g iv en  ra n g e  b e tw e e n  tw'o p o in ts  o n  th e  e a r th  s su rfa c e  th e re  
is a m in im u m  a p o g e e  c o r re s p o n d ín g  to  th e  m in im u m  v e lo c ity  w h ic h  w ill 
p ro p e l  a m issile  th a t  fa r . I h is  m in im u m  v e lo c ity  m ay be  sa id  to  d e f in e  th e  
o p t im u m  ílíg h t tra je c to ry . s in ce  e v e n  sm a ll in c rea se s  in  v e lo c ity  e x a c t re la t iv e ly  
e n o rm o u s  p e n a lt ie s  in  th e  in te r r e la te d  fa c to rs  o f th r u s t  a n d  w e ig h t. A c tu a lly , 
o f  co u rse , a b a llis tic  m iss ile 's  flig h t d o e s  n o t ta k e  p lac e  in  a t r u e  a n d  c o n s ta n t  
v a c u u m . b u t th e  d e fo rm a tio n  o f  th e  e l l ip t ic a l  t r a je c to ry  f ro m  a tm o s p h e r ic  
effects is b o th  m in o r  a n d  p re d ic ta b le . I t  can  be  seen , th e n , th a t  if  a n y  tw o  
p o in ts  o n  th e  m iss ile ’s tra je c to ry  c a n  b e  d e te rm in e d ,  its  d e s t in a t io n  is a lso  
k n o w n , as w ell as every  o th e r  p o in t  in  sp ace  th ro u g h  w h ich  it m u s t pass; i t
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is n o t  e v en  n ecessary  to  “ t r a c k ” th e  m iss ile  in  th e  o rd in a ry  sense  to  fa th o m  
its  p re c is e  in te n t .  I n  m a k in g  th is  s ta te m e n t  we ig n o re  th e  p o ss ib ili ty  th a t  a 
b a li is t ic  m iss ile  c o u ld  b e  d e s ig n e d  to  v a ry  f ro m  its  e l l ip t ic a l  t ra je c to ry  in  th e  
la s t s tages o f  fligh t. O n e  way m ig h t  b e  by in c lu d in g  a  h ig h ly  d is c r im in a t in g  
ta rg e t  se e k e r  c o u p le d  w ith  a c o n tro l  system  to  o v e r r id e  th e  n a tu r a l  forces 
d e f in in g  th e  e l l ip tic a l  p a th .  A n u m b e r  o f  r a t h e r  o b v io u s  c o n s id e ra tio n s  m ak e  
i t  seem  lik e ly  th a t  a n y  su ch  v a r ia t io n  in  a  n a tu r a l ly  p re d ic ta b le  f lig h t p a th  
w o u ld  b e  c o m p a ra tiv e ly  sm a ll a n d  q u i te  la te  in  th e  flig h t.

So, if  w e h av e  b e e n  le f t  w ith  p r e t ty  sm a ll in c re m e n ts  o f  t im e  w ith in  
w h ic h  to  ex e rc ise  ta c tic a l ju d g m e n t ,  w e h a v e  a t  th e  sam e  tim e  b e e n  fre e d  of 
m u c h  u n c e r ta in ty  as to  th e  a d v e rs a ry ’s ta c tic a l in te n t io n s .  C o m p a re d  to  a 
m o re  c o n v e n tio n a l  s i tu a t io n  o u r  r e q u i r e m e n t  fo r  ta c tic a l ju d g m e n t  is vastly  
re d u c e d .

Targets. By its  n a tu r e  th e  b a li is t ic  m iss ile  is re la t iv e ly  in a c c u ra te . 
M e a n in g fu l  k ill  p r o b a b i l i t ie s  w ith  it a re  a c h ie v e d  o n ly  b y  th e  use o f  r a th e r  
h ig h -y ie ld  w a rh e a d s  a n d  e v en  th e n , p e rh a p s , w ith  m a n y  m issiles la u n c h e d  
a g a in s t  a  s in g le  ta rg e t . T h i s  b e in g  so, th e re  a re  b r o a d  classes o f  ta rg e ts  
a g a in s t  w h ich  th e  m iss ile  is n o t  a n  a t t r a c t iv e  w e a p o n  system . W e , as de- 
fe n d e rs , a re  p ro v id e d  w ith  so m e  in s ig h t  o f  th e  s tra te g ic  in te n t  o f  th e  a tta c k -  
in g  sy stem . W e  m ay  b e  a b le  to  re c o g n iz e  ta rg e t  a re a s  th a t  w e can  be  
re a s o n a b ly  c e r ta in  w ill n o t  b e  a t ta c k e d  by  b a li is t ic  m iss ile s  b e ca u se  o f  th e  
p r o h ib i t iv e ly  la rg e  n u m b e r  o f  m iss ile s  r e q u i r e d  to  p ro v id e  th e  e n e m y  w ith  
a c c e p ta b le  e x p e c ta t io n  o f  success. J u s t  h o w  m u c h  th is  fo re k n o w le d g e  can  
be  tu r n e d  to  o u r  a d v a n ta g e  is n o t  a l to g e th e r  c le a r , b u t  w e c o u ld  c o n c e iv a b ly  
d e c id e  to  d e f e n d  o n ly  a  n u m b e r  o f  “ is la n d s ” o f  c o m p a ra tiv e ly  m o d e s t a re a  
r a t h e r  th a n  su c h  la rg e  p a r ts  o f  th e  c o u n try  as a  b ro a d  eas t-w est b a n d  e x te n d -  
in g  acro ss  th e  n o r th e r n  b o rd e r .

Vulnerabilities. F in a lly , in  th is  su p e rf ic ia l lo o k  a t  th e  m iss ile  systenVs 
c h a ra c te r is t ic s , le t u s  c o n s id e r  so m e o f  its  o th e r  u n iq u e  v u ln e ra b i l i t ie s .  I t  
seem s c le a r  th a t  a b a li is t ic  m is s ile ’s s u p p o r t  a n d  la u n c h  fa c il i t ie s  m u s t be  
e x te n iv e , e x p e n s iv e , e la b o r a te ,  a n d  in te r d e p e n d e n t ly  im p o r ta m  to  th e  suc- 
cessfu l la u n c h  o f  th e  w e a p o n . B ecau se  th e r e  w ill a lw ay s b e  s h a rp  c o n s tra in ts , 
e c o n o m ic  if n o  o th e r ,  o n  th e  n u m b e r  a n d  v a r ie ty  o f  su ch  fac ilitie s , it a p p e a r s  
th a t  e v en  b e h in d  a n  iro n  c u r ta in  th e i r  e x is te n c e  a n d  lo c a tio n  w ill n o t  lo n g  
r e m a in  a m y ste ry . I f  o n e  k n e w  w h e n  to  ac t, p r e t ty  s t ra ig h tfo rw a rd  tech- 
n iq u e s  s h o u ld  b e  h ig h ly  e ffec tiv e  in  d e s tro y in g  th e  n e s ts  b e fo re  th e  b ird s  fly. 
M a n y  w ill be  q u ic k  to  p o in t  o u t  th a t  th is  A c h il le s ’ h e e l o f  a b a li is t ic  m issile  
sy stem  seem s w ell b e y o n d  th e  re a c h  o f  a n a t io n  c o m m itte d  a g a in s t  ag g ress io n . 
I t  is to o  e a r ly  to  d e c id e  to  ig n o re  th is  p o te n t ia l  v u ln e ra b i l i ty  o f  th e  b a liis tic  
m iss ile .

A ss u m in g  n o w  th a t  a t ta c k in g  m iss ile s  w ill b e  in  f lig h t b e fo re  w e can  
in s t i tu te  a n y  d e fe n s iv e  m e a su re s , h o w  c a n  w e g e t a t  th e  m issile  itself?  W h a t  
d o e s  it ta k e  to  k ill it?

T h e  c o m m o n e s t te c h n iq u e s  o f  m il i ta ry  d e s tru c t io n ,  w h e th e r  th e  ta rg e t  
be  a  m a n , a fo r t ,  o r  a n  a i r c r a f t ,  h a v e  b e e n  b la s t a n d  p h y sica l im p a c t. A t first 
g la n c e  th e  in c o m in g  b a li is t ic  w a rh e a d  seem s s in g u la r ly  in v u ln e r a b le  to  b o th .
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approach corridor to be defended for 
each target. The bomber can attack from any direction. Alt lhe missile trajectories 
that could hit any particular area-target m the U.S. from any poinl in the U.S.S.Ii. 
would describe an envelope looking rather like a “wilted funnel,” of roughly el- 
liptical cross section and inclined toward Soviet Rússia at an angle of about 30° 
from the target surface. Any defense system that could bring the ‘‘funnel” under 
surveillance and intercept the missile coming down through it would suffice.

T he tre rn e n d o u s  a c c e le ra tio n  a n d  o th e r  fo rces o f its n o rm a l re g im e  w o u ld  
re q u ir e  a d e s ig n  th a t  s h o u ld  be h ig h ly  im p e rv io u s  to  b la s t o v e rp re s s u re s — 
n o t  to  m e n t io n  th e  w a rh e a d ’s v ast k in e t ic  e n e rg y  a n d  th e  fac t th a t  d u r in g  
m o st o f its H ight it is in  a re g io n  w h e re  b la s t h as  l i t t l e  o r  n o  m é d iu m  in  
w h ich  to  o p c ra te .  I t  is h a rd  to  im a g in e  a b o d y  m o re  d ifh c u lt  to  s tr ik e  w ith  
a n o th e r  body  th a n  th is  w a rh e a d  h u r t l in g  to w a rd  us a t  tw e n ty -o d d  th o u s a n d  
fee t p e r  second .

'T h e  very  sp eed  o f  th e  w a rh e a d  th a t  m ak es  its  in te r c e p t io n  su ch  a p ro b - 
lem  m ay  c o n ta in  th e  seeds o f  s o lu tio n . R e c e n t  in v e s tig a t io n s  h a v e  su g g e s te d
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th a t  a t  v e ry  h ig h  im p a c t v e lo c itie s  v e ry  sm all “ p ro je c t i le s ” h av e  a r a th e r  
e x p lo s iv e  efFect c o m p le te ly  o u t  o f  p r o p o r t io n  to  th e  im p a c t effect n o rm a lly  
to  be  e x p e c te d  fro m  th e i r  k in e t ic  e n e rg y . P e rh a p s  it  w oulcl b e  p o ss ib le  to  
u se  b i l l io n s  o f  s a n d lik e  p a r t ic le s  th a t  c o u ld  b e  la id  in  c o m p a ra tiv e ly  d en se  
c lo u d s  o v e r  h u n d r e d s  o f c u b ic  m ile s  in  th e  p a th  o f  th e  a p p r o a c h in g  w a rh e a d .

A n u c le a r  e x p lo s io n  re lea se s  la rg e  a m o u n ts  o f e n e rg y  in  th e  fo rm  of 
n u c le a r  a n d  th e rm a l r a d ia t io n .  A b a ll is t ic  m iss ile  w a rh e a d  m ay  b e  p e c u lia r ly  
v u ln e ra b le  to  e i th e r  o r  b o th  o f  th ese  p h e n o m e n a . I t  is a  w e ll-k n o w n  p h y sica l 
fac t, fo r  in s ta n c e , th a t  o n e  o f  th e  tr ic k ie s t te c h n ic a l  p ro b le m s  in  th e  d e s ig n  of 
a  b a ll is t ic  m iss ile  is e n a b l in g  it  to  su rv iv e  th e  in te n s e  h e a t  g e n e ra te d  by fric- 
t io n  as i t  r e -e n te rs  th e  a tm o s p h e re  a t  t r e m e n d o u s  sp ee d . G r a n te d  th a t  th is  
p r o b le m  c a n  b e  so lved , o th e r  d e s ig n  c r i te r ia  m ay  d ic ta te  th a t  th e  m issile  
re -e n try  b o d y  o p e ra te  v e ry  n e a r  its  th e rm a l  to le ra n c e . I f  so, a n y  m e a su re  
th a t  w o u ld  m a te r ia l ly  in c re a se  th e  a m b ie n t  te m p e r a tu r e  th ro u g h  w h ic h  th e  
m iss ile  h a d  to  pass w o u ld  b e  ju s t  w h a t  i t  w o u ld  ta k e  to  m a k e  th e  m issile  
c o n su m e  its e lf  in  a m e te o r l ik e  b laze . S u ita b le  p ro x im ity  o f  a n u c le a r  f ireb a ll 
w o u ld  tu r n  th e  tr ick . I t  is e v e n  e o n c e iv a b le  th a t  a  r a d ia t io n  fie ld  f ro m  som e 
o th e r  so u rc e  c o u ld  b e  d e v ise d  w ith  e q u a l  effect. O r  i t  m ig h t  b e  p o ss ib le  to  
c re a te  n u c le a r  r a d ia t io n  fie lds o f  su ffic ien t in te n s i ty  to  e ffec tiv e ly  d isa rm  th e  
n u c le a r  w a rh e a d  o f th e  a t ta c k in g  m iss ile  o r  to  cau se  th e  m iss ile  to  d e s tro y  
itse lf .

Parameters of Defense
T h e  fo re g o in g  su g g ests  so m e r a t h e r  f o rm id a b le  te c h n ic a l  p u rs u i ts . J u s t  

as la rg e , h o w e v e r , lo o m s a n u m b e r  o f  p ro b le m s  n o t  n ecessa rily  o r  ex c lu siv e ly  
te c h n ic a l . M o st o f  th e se  s p r in g  f ro m  p a r a m e te r s  o f  a b a ll is t ic  m iss ile  fo rce  
a n d  c o n s e q u e n t  p a ra m e te r s  o f  a  b a ll is t ic  m iss ile  c o u n te r fo rc e . L e t us now  
c o n s id e r  so m e  o f  these .

Reaction. A  s ig n a l c h a ra c te r is t ic  o f  a b a ll is t ic  m iss ile  fo rce  is its  in h e r e n t  
c a p a c ity  to  la u n c h  a  t ru ly  m ass iv e  a t ta c k  w ith  a v e ry  h ig h  d e g re e  o f sim ul- 
ta n e i ty .  I t  seem s c o m p le te ly  fe a s ib le  to  cau se  a la rg e  f ra c t io n  o f  a v e ry  la rg e  
a t ta c k in g  fo rce  to  cross a d e fe n s e  n e t  o r  s tr ik e  a w id e  v a r ie ty  o f ta rg e ts  in  
c o n c e r t  w i th in  o n e  o r  tw o  m in u te s .  T h e  d e fe n s iv e  sy stem  o b v io u s ly  in u s t 
h a v e  h ig h  re s is ta n c e  to  s a tu r a t io n  a n d , s in ce  its  r e a c t io n  tim e  is o n e  o f  th e  
im p o r ta n t  p a ra m e te r s  o f  a n y  d e fe n s e  fo rce , it is a p p a r e n t  th a t  a m iss ile  d e 
fen se  fo rce  r e q u ir e s  a  v e ry  r a p id  r e a c t io n  c a p a b i l i ty  in d e e d .

I t  m ay  b e  u se fu l to  c o in  tw o  d e f in i t io n s  a t th is  p o in t :  “force r e a c tio n  
t im e ,” th e  p e r io d  f ro m  th e  tim e  c o m p e te n t  m il i ta ry  a u th o r i ty  o rd e rs  com - 
m i tm e n t  o f  th e  fo rce  u n t i l  a c tiv e  d e fe n s e  m e a su re s  a re  b ro u g h t  to  b e a r ; a n d  
"national r e a c t io n  t im e ,” th e  lo n g e r  p e r io d  f ro m  th e  tim e  w h e n  a th re a t  is 
first reco g n izec l o r  su sp e c te d , in c lu d in g  a ll n ecessa ry  g a th e r in g  o f  in fo rm a t io n , 
m a k in g  o f  d e c is io n s , a n d  p a ssag e  o f  o rd e rs  a n d  e n d in g  a g a in  w h e n  a c tiv e  
d e fe n s e  m e a su re s  a re  b r o u g h t  to  b e a r . U p  to  n o w  th e re  has b e e n  l i t t le  
o c ca s io n  to  m a k e  th e  d is t in c t io n  d ra w n  by  th e  a b o v e  d e f in it io n s . I f  th e  force 
r e a c t io n  tim e  is a n d  c a n  a ffo rd  to  b e  se v e ra l h o u rs , th e  fac t th a t  national
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re a c tio n  tim e  is a n  h o u r  o r  so lo n g e r  is n o t  p a r t ic u la r ly  a la n n in g .  B u t if 
th e  total reaction time available is in  th e  o r d e r  o f  a h a lf  h o u r ,  th e  d is t in c t io n  
b eco m es v astly  m o re  im p o r ta n t  fo r  th is  re a so n : i t  p ro b a b ly  is c o m p a ra tiv e ly  
easy to  re d u c e  force r e a c t io n  tim e ; b u t  e v en  if  th is  is p a r e d  to  n e a r-z e ro  we 
a re  s till in  d e e p  tro u b le  if th e  o th e r  fa c to rs  th a t  m ak e  u p  national r e a c t io n  
tim e  h av e  n o t b e e n  d ra s tic a lly  re d u c e d .

Reaction Time in the Ballistic Missile Age
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T o d a y  force a n d  national r e a c t io n  tim e s  c a n  b e  c o n c u r r e n t  to  a con- 
s id e ra b le  e x te rn . T h a t  m ay  n o t  b e  th e  case in  th e  b a ll is t ic  m iss ile  e ra . T o d a y , 
fo r  e x a m p le , if th e  P re s id e n t re c e iv e d  in f o r m a t io n  o n  a n  a p p a r e n t ly  im m in e n t  
a tta c k , h e  c o u ld  im m e d ia te ly  o r d e r  a ll n ecessa ry  p r e p a r a t io n s ,  k n o w in g  th a t  
a t  a n y  tim e  in  th e  n e x t  se v e ra l h o u rs  h e  c o u ld  a b o r t  o r  re c a ll th e  r e ta l ia to r y  
s tr ik e  if f u r th e r  d e v e lo p m e n ts  p ro v e d  h is  in i t ia l  in f o r m a t io n  to  b e  m is le a d in g . 
O n  th e  o th e r  h a n d  a r e ta l ia to r y  b a ll is t ic  m iss ile  sy stem  id e a lly  w o u ld  be  
d e s ig n e d  so th a t  its  fo rce  r e a c t io n  tim e  w o u ld  b e  in  th e  o r d e r  o f  a  q u a r te r  
h o u r. O n c e  th a t  q u a r te r  h o u r  h a d  b e g u n  to  r u n  its  c o u rse , q u i te  lik e ly  v e ry  
l i t t le  c o u ld  b e  d o n e  to  re c a ll th e  c o m m itm e n t ,  a t  le a s t w i th o u t  je t t i s o n in g  a 
la rg e  p a r t  o f  th e  force . T h e  im p lic a t io n  is th a t  th e  s u p re m e  a u th o r i ty  c o u ld  
n o t  s ta r t  th e  fo rce  re a c tio n  tim e  u n t i l  th e  o th e r  e le m e n ts  o f  th e  n a t io n a l  
re a c tio n  tim e  h a d  p ro c e e d e d  to  a n  ir re v o c a b le  c o n c lu s io n  o f  c o m m itm e n t .

IVarnmg. C o m p o u n d in g  th e  r e a c t io n - t im e  d iff icu ltie s  o f  a b a ll is t ic  m iss ile  
a t ta c k  is th e  g lu m  o u tlo o k  fo r  s tra te g ic  w a rn in g . I t  p r o b a b ly  is t r u e  th a t  
w e w ill h a v e  s tra te g ic  w a rn in g  in  th e  sen se  th a t  w e w ill k n o w  o f  th e  e x is te n c e  
o f  a  th r e a te n in g  m issile  fo rce  b e fo re  it is p r e p a r e d  to  a t ta c k , b u t  th e  lik e li-  
h o o d  th a t  we w ill k n o w  m u c h  m o re  th a n  th a t  u n t i l  m issiles a re  a c tu a l ly  fired  
is r a t h e r  re m o te . A m a n n e d -b o m b e r  fo rce  o f  s ig n if ic a n t size r e p re s e n ts  a
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fa r- f lu n g  o p e r a t io n .  I ts  la u n c h in g  in v o lv es  m a n y  e la b o ra te  p r e p a r a t io n s  su ch  
as a ssem b ly  o f p e o p le  a n d  fu e l in  c o n sp ic u o u s  q u a n t i t ie s ,  in tr ic a te ly  tim e d  
d e p lo y m e n ts , a n d  a  n u m b e r  o f  o th e r  su ch  a c t iv it ie s  th a t  d iffe r  o b se rv a b ly  
f ro m  th e  r o u t in e  a c tiv it ie s  o f  a  b o m b e r  fo rce  not o n  th e  eve o f  a s tr ik e . T h e  
r e s u l t  is th a t ,  e v e n  w ith  th e  lo w -o rd e r  in te l l ig e n c e  w e su lfe r  o n  d o in g s  b e h in d  
th e  i ro n  c u r ta in ,  i t  is h a r d  to  b e lie v e  th a t  a re a lly  s ig n if ic a n t b o m b e r  s tr ik e  
c o u ld  be  la u n c h e d  a g a in s t us w ith o u t  so m e  d a y s ’ fo re k n o w le d g e , a t  lea s t to  
th e  e x te n t  o f  le a rn in g  th a t  su ch  a  th in g  could h a p p e n .  By c o n tra s t,  in  a 
b a ll is t ic  m iss ile  fo rce  a ll th e  m a te r ie l  a n d  p e o p le  th a t  m u s t be  d e p lo y e d  fo r  i t  
to  a t ta c k  m u s t b e  d e p lo y e d  c o n tin u o u s ly . T h u s  th e  p a t t e r n  o f  a c tiv ity  
a r o u n d  a n d  a b o u t  a b a ll is t ic  m iss ile  fa c il i ty  o n  “ H - h o u r  m in u s  2 ” is a p t  to  
be c o m p le te ly  in d is t in g u is h a b le  f ro m  th a t  o n  “ D -day  m in u s  2 0 0 ” o r  an y  
o th e r  tim e . T h i s  u n d e r l in e s  th e  r e q u i r e m e n t  th a t  w h a te v e r  o u r  d e fen s iv e  
m e a su re s  a re , th e y  b e  c a p a b le  o f  m o v in g  f ro m  lo n g - te rm  a le r t  s ta tu s  to  fu lly  
e ffec tiv e  o p e r a t io n  w ith in  m in u te s .  N a tu r a l ly  th e re  is a n  e x tre m e ly  h ig h  
p r e m iu m  o n  le a rn in g  o f  a n  a t ta c k  as e a r ly  in  its  life  as p o ss ib le .

Automation. T h e r e  n o w  e m e rg e s  a  p a r a m e te r  o f  th e  d e fe n s iv e  fo rce  
d e s ig n : i t  m u s t in c o r p o ra te  a  h ig h  d e g re e  o f  a u to m a t io n .  T h e  r e q u ir e m e n t  
fo r  h u m a n  ju d g m e n t  m u s t b e  b ro u g h t  to  a n  i r r e d u c ib le  m in im u m . M ea n s  
m u s t b e  p r o v id e d  to  a sse m b le  th e  p ro b le m s  w h ic h  h u m a n  ju d g m e n ts  m u st 
so lve  a n d  p r e s e n t  th e m  w ith  n e g lig ib le  d e la y  to  th o se  c e n te rs  w h e re  th e  
n ecessa ry  ju d g m e n t  c an  b e  e x e rc ise d . A t th e  sam e  tim e  th e  o ld  a d a g e  th a t  
“ h a s te  m ak e s  w a s te ” n e v e r  h a d  m o re  d r e a d f u l  im p o r t .  T h e  d e fe n se  fo rce  
d e s ig n e d  fo r  n e a r - in s ta n ta n e o u s  r e a c t io n  c a n n o t  b e  so d e s ig n e d  a t th e  risk  
o f  im p le m e n t in g  false  d e c is io n s , p a r t ic u la r ly  if  r e t a l ia t io n  in  k in d  m u s t be  
p a r t  o f  th e  d e fe n s iv e  m e a su re s . I m a g in e  a  tw o-w ay, in te r c o n t in e n ta l  ex- 
c h a n g e  o f  b a ll is t ic  m iss ile  fo rces  th a t  w as tr ig g e re d  off by  o n e  r a d a r  w h ich  
c o u ld  n o t  te ll  th e  d iffe re n c e  b e tw e e n  a m e te o r i te  a n d  a n  IC B M !

Cost. Y et a n o th e r  p a r a m e te r  o f th e  r e q u i r e d  d e fe n s e  fo rce  is su g g ested . 
I t  is a fo re g o n e  c o n c lu s io n  th a t  o u r  c u r r e n t  a i r  d e fe n s e  fo rce  is o f  l i t t l e  v a lu e  
a g a in s t  b a ll is t ic  m issiles. F o r  ju s t  th e  re a so n s  th a t  th is  is t ru e , th e  co n v e rse  
is p r o b a b ly  t ru e :  a c o u n te rm is s i le  d e fe n s e  fo rce  w ill h a v e  l im ite d  v a lu e  
a g a in s t  o t h e r  th re a ts . S in ce  fo r  a t  le a s t se v e ra l y e a rs  to  co m e  a b a llis tic  
m iss ile  fo rce  w ill c o n f ro n t  us as p a r t  o f  a spectrum o f  th re a ts ,  it fo llo w s th a t  
a n y  b a ll is t ic  m iss ile  d e fe n s e  fo rce  w e fa sh io n  m u s t  b e  in  a d d i t io n  to , r a th e r  
th a n  in s te a d  o f, su ch  a i r  d e fe n s e  fo rces  as  w e n o w  h av e . I n d e e d  b a llis tic  
m iss ile  d e fe n s e  m e a su re s  w ill te n d  to  c o m p e te  e c o n o m ic a lly  w ith  o th e r  
n ecessa ry  d e fe n s iv e  m e a su re s  in  a n  e ra  w h e n  th e  m iss ile  is by n o  m e a n s  th e  
m o st fe a rso m e  th re a t .  T h i s  c o u ld  se rv e  to  m a k e  c o u n te rm is s i le  m ea su re s  th a t  
a re  te c h n ic a l ly  fea s ib le  p ra c t ic a l ly  in fe a s ib le  f ro m  a cost s ta n d p o in t .

What We Must Do
W h a t  c a n  w e n o w  re c o g n iz e  as th e  n e t  im p a c t  o f  th e  b a ll is t ic  m issile  o n  

a i r  d e fen se?  W h a t  c a n  w e say o f  th e  d e fe n s e  fo rce  th a t  m u s t b e  fa sh io n e d  
fo r  th e  e ra  a h e a d ?
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W e m u s t tak e  s tep s  to  re d u c e  n a t io n a l  r e a c t io n  tim e  w h ile  d e s ig n in g  
fo rce  re a c tio n  tim e  to  a  m in im u m . T h e r e  m u s t b e  fo o lp ro o f  a n d  d e la y -fre e  
o rg a n iz a tio n a l m a c h in e ry  to  in fo rm  th e  h ig h e s t lev e is  o f  g o v e rn m e n t  o f  a n  
im m in e n t  o r  p o ssib le  a t ta c k  a n d  to  t r a n s m it  to p -lev e l d e c is io n s  to  th e  fo rce  
o r  forces c o n c e rn e d . T h e r e  m ay  b e  a r e q u i r e m e n t  in  th is  c o n n e c t io n  fo r  
rev ie w in g  th e  laws, t r a d i t io n s , a n d  p o lic ie s  g o v e rn in g  w h o  c an  a c t u n d e r  
v a ry in g  c ircu m sta n c e s  “ f o r  a n d  in  th e  a b se n c e  o f ” th e  P re s id e n t  a n d  o th e r  
h ig h  officials. T h e r e  a lso  is a r e q u ir e m e n t ,  w h e th e r  o r  n o t  it is a p t  to  b e  m e t, 
fo r  e x te n s io n s  o f  in te r n a t io n a l  law . C le a r ly , fo r  e x a m p le , m o v es f a l l in g  fa r  
sh o r t  o f  w h a t is now  in te r n a t io n a l ly  re c o g n iz e d  as a g g re ss io n  c o u ld  in  fac t 
fo re te ll  th e  v i r tu a l  a n n ih i la t io n  o f  a  m a jo r  n a t io n  w ith in  a n  h o u r  o r  so.

I t  a lm o s t goes w ith o u t  sa y in g  th a t  th e  m o re  w e k n o w  a b o u t  a b a ll is t ic  
m issile  a tta c k , in c lu d in g  th e  in te n t  to  la u n c h  it, th e  b e t t e r  off w e w ill b e  in  
c o u n te r in g  it. A ny  im p ro v e m e n t  w e c an  m ak e , th e n , in  o u r  in te l l ig e n c e  
g a th e r in g  o r  p re a t ta c k  re c o n n a is sa n c e  is c e r ta in ly  to  b e  so u g h t. P e rh a p s  w e 
sh a ll h a v e  to  dev ise  e n t i r e ly  n ew  ty p es  o f  “ in d ic a to r s ,” su ch  as th e  w id e s p re a d  
e v a c u a tio n  o f  th e  e n e m y ’s u r b a n  p o p u la t io n s —a p r e d ic ta b le  c o u rse  fo r  h im  
to  ta k e  if  h e  w e re  a b o u t  to  la u n c h  a  s tr ik e  a n d  th u s  e x p e c te d  a  r e ta l ia to r y  
s tr ik e . A  re c o n n a is sa n c e  s a te l l i te  o r  o th e r  te c h n iq u e  th a t  c o u ld  d e te c t  th e  
la u n c h in g  o f  a  b a llis tic  m iss ile  o r  fix its  tra je c to ry  a t a n  e a r ly  s tag e  o f  th e  
f lig h t w o u ld  be  in v a lu a b le , if  w e c o u ld  le a rn  o f th e se  th in g s  a lm o s t as so o n  
as th e  s a te l l i te  d id . T h is  c o m m u n ic a tio n  p ro b le m  m ig h t  d ic ta te  a  w h o le  
system  o f  s a te ll i te s  c a p a b le  o f  a lm o s t in s ta n ta n e o u s  re la y  o f  in fo r m a t io n .  A 
n e x t, o b v io u s  l in e  o f  d e fe n s e  w o u ld  be s u i ta b le  r a d a r  o r  o th e r  d e te c t io n  
d ev ice s  th a t  c o u ld  be  h o m e  b a se d  y e t a b le  to  d e te c t  th e  e x is te n c e  a n d  p a th  o f 
a n  in c o m in g  tra je c to ry , p re s u m a b ly  n o t  m u c h  b e fo re  a p o g e e  b u t  h o p e fu l ly  
n o t  m u c h  a f te r .

R a th e r  in v o lv e d  c o m p u tin g  a n d  in f o r m in g  sy stem s w o u ld  h a v e  to  be  
m a r r ie d  to  th e  d e te c t io n  system s a n d  so m e w h e re  b e tw e e n  th e m  p o s itiv e  
Id e n tif ic a tio n , w ith  a p p r o p r ia te  h u m a n  ju d g m e n t  e x e rc ise d , w o u ld  h a v e  to  
be  e ffec ted . T h a t  a c c o m p lish e d , th e  fo rce  r e a c t io n  c o u ld  be p r e p la n n c d  a n d  
m a d e  n e a r ly  a u to m a tic ,  q u i te  p o ss ib ly  a id e d  by a te n ta t iv e  a le r t  s ta tu s  d a t in g  
fro m  in i t ia l  d e te c t io n .

It  is less c le a r  w h a t a c tiv e  d e fe n s iv e  m e a su re s , if  a n y , s h o u ld  b e  p ro v id e d  
to  ta k e  a d v a n ta g e  of th e  k n o w le d g e  g a in e d  a n d  th e  d e c is io n s  m a d e . T h e r e  
a re  a n u m b e r  o f  te c h n ic a l in v e s tig a t io n s  in  th e  re a lm  o f  n u c le a r  w e a p o n  
effects, fo r  e x a m p le , to  be p u rs u e d . F o r  o th e r  su g g e s tio n s  th e  f ro n t ie r s  o f 
sc ien tific  k n o w le d g e  m u s t b e  e x a m in e d  as th ey  m o v e  fo rw a rd .

I t  is e n tire ly  p o ss ib le  th a t  fo r  a Io n g  tim e  to  c o m e  th e  o n ly  re a lly  
p ra c tic a l d e fe n se  a g a in s t th e  b a llis t ic  m iss ile  th r e a t  w ill b e  th e  p ass iv e  o n e  
r e p re s e n te d  by o u r  d e te r r e n t  r e ta l ia to r y  fo rce , in c lu d in g  o u r  o w n  b a ll is t ic  
m issdes. E v en  if th a t  p ro v es  t ru e ,  th e re  is m u c h  to  b e  d o n e  to  fit o u rse lv e s  
fo r  d e fen se  in  th e  m issile  age.

Command and Staff School
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