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C O L O N E L  C L A U D E  E .  P u TN AM

P R A C T1C A LLY  everyone has read and heard a great deal 
lately about missiles—both ballistic and aerodynamic—con- 
stituting the ultimate weapon systems, about fighters and 

bombers becoming obsolete, and even about the death of the flying 
Air For*. We must agree that missiles are welcome and compat- 
ibh ! ;ons to the Air Force family of weapons, but it is in- 
cumi on all airmen to keep them in perspective. One useful 
method for doing this is to consider factually and dispassionately 
the kinship between aircraft and missiles—where they carne from 
and where we go from here—in the evolution of the military art.
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It is an incontrovertible fact ihat practically all importam 
componeuts of presenl day sophisticated míssil es had tlieir genesis 
in the development of lhe airplane. These developments cover a 
span ol fiíty \ears and stem directly from the airmans insatiable 
dernand t<> travei e\er laster, higher, and farther with payloads 
appropriate to the mission at hand. A hrok ai the evolution ol the 
csMMitia! i omponents of all modern míssil es demonstrates the 
triuh ol tlus statement, and the lundamental rnissile prohlems 
thus Iranie thernselves in lamiliar Air Force patterns of ex-
periente.

AIR UMVERSJTY QVARTERLY REVIEW

Air torce parentage of the rnissile

Guidance. I he problem ol guidance in flight is as old as the 
airplane. Instrument and automatic guidance techniques began 
to emerge shortlv after powered flight was proved to be practical. 
\ ernde automatit pilot was tested by U.S. airmen at North Is- 
land before World War I. During tire early 1930's Major Bill 
Ocker pioneered the development ol instruments tliat eventually 
matle it possible for the airplane to fly through clouds. In 1929 
I icutenant Jimniy Doolittle had made the first all-instrument 
flight inside a completely covered cockpit, from take-off to land- 
mg It nas a logiral development to tie the blind-flying instru-
ments to a workable system lor automatically manipulating the 
flight eontrol surfaces and to enable an airplane to fly a preset 
course largelv independent of human hands and brains.

l he need for a highly stable platform for the Norden bomb- 
sight of the mid-1930's spurred development of more versatile 
automatie pilots. and the electronic autopilot provided a satis- 
factorv solution to this problem. Parallel developments in radio- 
control techniques enabled remote eontrol of this more sophisti-
cated autopilot. The radio-controlled drone was born in the early
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1940’s, enabling airplanes for the First time to be maneuvered and 
landed without a human being aboard. These very same tech- 
niques were soon applied to guided bombs during World War II,
e.g., the tarzon and razon. Thus we clearly see the emergence of 
the guidance and control systems employed in modern missiles. 
It is a little-known fact that “ Boss” Kettering had a pilotless air- 
plane, which could have been developed into a weapon carrier, 
flying at Muroc Lake at a time that preceded the development of 
the German V-l by a very healthy margin. Higher priority pro- 
grams resulted in the abandonment of the project at the outbreak 
of World War II, but the idea and essential componcnts wcre 
demonstrated.

More recent developments include inertial-guidance tech- 
niques, which had their inception in the Air Force Navaho in 
1946, and star-tracking techniques which were developed for the 
Air Force Snark in the late 1940’s. Also in 1946 guidance tech-
niques employing rocket engines which swiveled on gimbals were 
evolved for the MX-774, the forerunner of the Atlas missile. Ad-
vanced electromagnetic wave control techniques were conceived 
in 1947 for the air-to-surface missile Rascal. Advanced swiveling 
engine control systems were developed for the surface-to-air Bo- 
marc in 1951. It is significant to note that all these developments 
sprang directly from the aircraft industry and its subcontractors 
to meet operational requirements laid down by the Air Force.

Propulsion. Here again the problem is as old as the airplane. 
The Wright brothers perfected the first practical airplane propul-
sion system, permitting their epic flight at Kitty Hawk, North 
Carolina, on 17 December 1903. More advanced engines emerged 
hand-in-hand with the development of airframes that could carry 
and utilize the increased powers. One need only cite the Liberty 
engine of World War I and the turbosupercharger of 1928 to 
demonstrate the Air Force’s long history of experience with pro-
pulsion problems. Refinement of Englishman Frank Whittle s jet 
engine introduced the jet age to U.S. aviation. Rocket engines 
followed closely on the Iieels of World War II with our drarnatic 
improvement in the design and thrust output of the German V-2 
rocket engine. The development of the first successful American 
large liquid rocket engine was initiated for the Air Force Navaho 
in 1946. The Navaho also spurred the development of the first 
practical ramjet engines which, after painstaking improvement, 
became the sustainer power for the operational Bomarc.

Manned airplane applications for the rocket engine were not
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ignored. On 14 October 1947 USAF Captain Charles E. Yeager 
blasted the Bell X-l rocket-powered research plane through the 
sound barrier for man’s first attainment of supersonic speed. 
Major Arthur Murray in the X-l A sister ship attained the then 
unprecedented altitude of 94,000 feet in 1954. In September 1956 
Captain Milburn G. Apt took the X-2 to a speed of 2178 miles 
per hour before structural failure cost him 11is life. This aircraft 
had previously established an altitude record of 126,000 feet. The 
X-2 provided the first continuous throttling of high-thrust liquid- 
oxygen-alcohol engines and inade important contributions to 
missilry. These spectacular achievements demonstrate how air- 
men have traditionally operated at and beyond the very threshold 
of knowledge. Another example is the Rocket Engine Advance- 
ment Program. Initiated in 1951, it has provided the basis for all 
large oxygen-hydrocarbon engine work in the United States. Fu-
ture refinements and new developments are sure to follow. Prob- 
ably before the end of this year Captain Iven Kincheloe will have 
a look at our old planet from an altitude of some 100 miles, and 
it is no secret that the X-l5 which will take him there and its fol- 
low-on aircraft will be striving for orbital speeds.

Airframes. Airmen have been wrestling with the knotty prob- 
lems associated with obtaining required structural strengths at 
the lightest possible weights since the very inception of the air- 
plane. They progressed through the woocl, fabric, and wire of 
the earliest airplanes, through the all-metal monocoque construc- 
tion of the 1920’s, to the extremely efficient weight-strength ratios 
found in modern missiles. They have also long been in the fore- 
front of adapting new materiais—new metais and new bonding 
techniques—to the peculiar requirements of the airframe con- 
struction. Solving the strength and vibration requirements for 
transonic flight and progress made towarcl developing heat-re- 
sistant materiais for operational speeds close to the heat barrier 
attest to the success of their endeavors. Indeed in this area it 
appears that we may have approached the practical ultimate in 
strength of materiais. Experts State that no important advances 
have been made in developing new materiais during the past ten 
years. Rather the advances have been in ingenious design and 
fabrication techniques, which of course have largely stemmed 
from the airframe industry. Work on the MX-774. initiated in 
1946, and its successor the Atlas in 1951, provided the basis for all 
ultra-lightweight tank structures employed in modern missiles.

General Orval Cook, President of Aircraft Industries Associ- 
ation, disclosed recently that there are 48 Department of Defense
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missile projects now under development or in production; and in 
evcry missile the aircraft industry supplies the airframe, propul- 
sion, guidance system, or a major component. To do tlns, it 
draws on the same hard-won and laboriously accumulated reser- 
voir of scientific and teclmical knowledge that brought manned 
aircraft to their present advanced State, as well as on the one- 
hundred-million-dollar production facilities which the industry 
has built for the ballistic missile alone. All told, the aircraft in-
dustry has spent a billion dollars on research and test facilities 
since World War II and plans to spencl another billion during the 
next five years. Airmen everywhere should keep thcse facts in 
mind as a pardal but telling answer to the question of where the 
modern American missile carne from.

Concepts of Employment. The foregoing has attempted to 
demonstrate how the development of missiles is a natural evolu- 
tion from the airman s quest for greater speeds, ranges, and alti-
tudes. The concept for the operational employment of these new 
weapons likewise finds the airman in a familiar environment, 
backed by years of experience with the subtle problems involved. 
The resources, skills, and techniques for the production of neces- 
sary target data have long been available in the Air Force. Calcu- 
lations of required weights of effort to achieve acceptable proba- 
bilities of success, problems of reaction times, and the complex 
timing of world-wicle operations to attain maximum tactical ad- 
vantages are familiar exercises to the airman. Another prerequi- 
site to successful missile application is reconnaissance—prestrike, 
poststrike, and follow-on surveillance. In this important field the 
airman has been active since the first utilization of the airplane 
as a military instrument. He has evolved techniques for prehostil- 
ity reconnaissance, postattack damage assessment, and data proc- 
essing which exist nowhere else. Of course the capabilities to 
employ long-range missiles have resulted in new requirements in 
this field, such as refinements in the geodetic datum plane and 
investigations of gravitational anomalies. The Air Force has long 
had an active interest in these studies.

Airmen pioneered and refined concepts of the three-dimen- 
sional and global nature of modern warfare. Strategic bombard- 
ment of vital elements of an enemy’s heartland to end his capabil- 
ity to conduct effective military operations was conceived by 
forward-looking airmen. The possibility of a counter-nation—as 
distinguished from a counter-force—strategy was early recognized. 
These concepts are entirely compatible with the nature of missiles.

The Air Force concept for the operational employment of



missiles is that they will be assigned specific tasks in cmergency 
war plansjust as soon as they have demonstrated a reliable capabil- 
ity to perform a given task better than the older weapon system 
which they replace or supplement. 1 his inevitably means that 
we will have an evolutionary rather than a revolutionary change 
in concept. The first strategic missiles will be directed against 
relatively soft, heavily defended targets where extreme accuracies 
and yields are not stringent requirements and where fast reaction 
times and invulnerability to enemy defenses are important. The 
smaller, harder targets will still be left to the manned bombers, 
which can destroy them more efhciently.

As future developments in missiles improve their reliability, 
accuracy, and yield, they will be programed against targets that 
are consistent with their capabilities at any particular point in 
time. As for tactical missiles it appears that their inherent inflexi- 
bility must be complemented by the flexibility of manned air- 
planes for as far as we can see into the future. Defensive missiles 
will provide a powerful addition to the capability to defend against 
air attacks, but for a considerable period into the future they will 
complement the manned interceptor. Surface-to-air missiles can- 
not operate beyond contiguous radar coverage. On the other hand 
manned interceptors with their own airborne radars can perform 
effectively against targets that have been spotted by early-warning 
techniques but that have not yct entered the zone where con- 
tinuous radar tracking is possible.

8 AIR UNIVERSITY Q U ARTERLY REVIEW

com piem entary nature of the missile
Missile applications fit quite naturally and logically into the 

framework of the traditional Air Force roles and missions. This 
is not to say that the airman fails to recognize the formidable 
problems involved in integrating operaticmal missile systems into 
the active inventory. The Air Force is charged with the grave re- 
sponsibility for maintaining an ever-ready combat capability that 
can be put into action literally on only moments of notice. Our 
offensive forces must be capable of instant retaliation in the event 
of attack. This is the deterrent to war which is the cornerstone of 
our national policy. Our defensive forces must be ready every 
minute of every day to inflict maximum attrition on enemy at- 
tacking forces. Any gaps in these capabilities caused by faulty 
phasing of new weapons into the active inventory could well be 
fatal. Likewise a failure to maintain continuously a force struc- 
ture that emboclies the proper balance between offensive and de-
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fensive capabilities and the requirecl degree of flexibility could 
have disastrous consequences.

These considerations suggest two important conclusions: 
First, that for an indeterminate period the Air Force will have a 
mixed complement of more or less conventional manned vehicles 
and unmanned and manned missiles. The inherently limited 
flexibility of missiles must be offset by the more flexible manned 
airplanes, and programs must be implemented in such a way that 
missiles are integrated without creating even a temporary hiatus 
in our day-to-day combat capability.

The second conclusion stems directly from the first: The
commander charged with the operational control of this mixed 
system has a tremendous responsibility as well as some tough 
problems. His judgment in determining how best to employ the 
most effective combination of manned airplanes and missiles in a 
given situation will be of crucial importance. He should be ac- 
corded an appropriate freedom of action in determining when an 
older weapon system becomes obsolete and when a new weapon 
system achieves all the necessary prerequisites for being phased 
into the active inventory. He must also have at his disposal the 
vast Communications and control facilities to enable him to con- 
duct operations on a global basis. And perhaps most important, 
he must be able to draw freely and almost automatically on a 
broad background of experience in three-dimensional global war.

human factors

The adaptation of man to the new and still somewhat mysteri- 
ous environment high above the surface of the earth has pro- 
ceeded along with other aeronautical advances. As soon as it was 
discovered that it is cold up there and that keen eyesight and 
certain psychological attributes are necessary to the successful 
operation of airplanes there, the flight surgeon entered the picture 
and has been doing stalwart Service ever since. The list of his 
contributions is quite as impressive as those of the propulsion and 
airframe engineers. They range from protective clothing in the 
very infancy of flight, through safety devices during World War I 
and oxygen equipment in the 1920’s, to air conditioning and pres- 
surized cabins in the 1930’s. The jet age saw the evolution of 
anti-G suits, crash helmets, and continuous refinements in the 
earlier equipment.

The flight surgeon’s exhaustive investigations into the physics 
of the upper atmosphere and mans physiological reactions to this
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hostile environment furnished a sound foundation for the develop- 
ment of the equipment required to enable man to probe the limits 
of the sensible atmosphere and to invade space itself. Air Corps 
Captains Orvil A. Anderson and Albert W. Stevens set the world’s 
altitude record of 72,395 feet in a hermetically sealed balloon on 
11 November 1935. They were followed in 1957 by Major David 
G. Simons who attained a height of 102,000 feet and stayed above 
100,000 feet for almost 24 hours.

Current Aeromedical Laboratory studies involve such piob- 
lems as weightlessness and its nutritional, circulatory, and psycho- 
logical implications. Their people are also investigating the eífects 
on the human being of confinement in a small Container for the ex- 
tended periods which space flight will involve, as well as shielding 
against cosmic rays and nuclear radiation. Air-conditioning re- 
quirements to counter the blistering heat of the ionosphere have 
received intensive attention. Colonel John P. Stapp’s widely pub- 
licized experiments on the tolerance of the human body to acceler- 
ation and deceleration constitute important contributions.

W h a t  should all this suggest to the airman? The answer seems 
quite clear: Man is headed for outer space, and the missile is just 
another step in the long process of evolutionary development 
which will allow him to get there. Just as the evolution of the air- 
plane furnished the basic technology for the missile, so will the 
art of missilry make important contributions to the development 
of the space vehicle. This is not to imply that the airman will in 
any way disparage the military implications of the missile or fail 
to continue its vigorous development and improvement to achieve 
the benefits of its maximum capabilities. It is to suggest that while 
doing these things to the best of his ability he should direct his 
aspirations toward the higher achievements and never lose sight 
of the farther horizons. This is part of the tradition and heritage 
of the airman.

There is indeed something symbolic about that dead dog 
hurtling overhead at the fringes of outer space which should be 
portentous for all airmen. Relatively soon it will be replaced 
by a live human being with a very conscious mission in mind, and 
the end is not yet in sight. Technology is rapidly reaching for the 
moon, Mars, and Venus, and the mysteries of our universe are 
sure to unfold. This is a dazzling prospect for the airman and a 
magnificent duty for the Air Force, for which it is soundly pre- 
pared by virtue of the building blocks painstakingly and labori- 
ously accumulated during fifty years of progress.

Air War College



M íssil em en—Present and F u tu re
C O L O N E L  A i .LEN W. ST E P H E N S

HEX General Nathan Twining was Air Force Chief of 
Staff, he once laid before the Congress and the taxpayers 
a new military fact of life that cannot be circumvented:
In the past, we have kept modern by replacing obsolete and 

obsolescent aircraft and associated equipment with newer models 
of the same general type. In other words, we have gone down one 
road. Today as we develop and prepare to introduce guided mis- 
siles into our primary combat units, we have no choice but to go 
down two at the same time.

The introduction of missiles causes this kind of difficulty with 
all three Services, but it is a particularly acute problem for the Air 
Force. Development and introduction of guided missiles into each 
of our major force areas must be done in order to gain the tremen- 
dous advances in strategic, air defense and tactical weapon capa- 
bilities that missiles provide.

General Twining’s testimony before the members of the Sen- 
ate Appropriations Committee was in the nature of a plea for 
funds to sustain the entire Air Force program, including research, 
weapons, equipment, facilities, and people. His proposition prom- 
ised to be inescapably expensive, but there is obviously no alterna- 
tive to the “dual road” responsibility of the Air Force. With 
international tensions continuing as they are, the Air Force cannot 
afford to drop its guard by weakening the Strategic Air Command. 
Yet the potential threats posed by Soviet scientific breakthroughs 
in missile development make it mandatory that more missile 
power go into our deterrent punch. The deterrent capability of 
SAC must be kept and improved while the Air Force goes full 
blast ahead toward development of a ‘‘Sunday punch” with opera- 
tional ballistic missiles.

It is not my intention here to explore the political or eco- 
nomic impact of this circumstance, as fascinating and tempting 
as such a venture would be. It is necessary, however, that any dis- 
cussion of men and missiles, as we know them both today, take its 
departure from the “ two road fact of Air Force life as stated by 
General Twining.



His premise has the most vital significance when applied to 
the people that make up our Air Force—aircraftmen or missile- 
men. The laws of nature are such that it still takes nine months 
to produce a new-model human being. It takes a little longer to 
produce an original ballistic missile prototype. But the original 
production time for human or missile is much less than the time 
involved in teaching a new airman recruit all he must know to 
become a full-fledged missileman.

The same has been true for a long time in training the people 
who make SAC the war-deterrent force it is today. It has been a 
giant struggle to find and train enough technicians to maintain 
and operate the complex equipment and weaponry of our B-47 
and B-52 manned-aircraft force. It has been an even greater 
struggle to keep these technicians in uniform after they are fully 
trained.

Ralph J. Cordiner, President of General Electric Company 
and Chairman of the Defense Advisory Committee on Professional 
and Technical Compensation, had this to say about the problems 
of technology and the demand for technically skilled people in his 
report to the Secretary of Defense:

Research, development and innovation on an expanding scale 
have become a way of life, not only in industrv but in the military 
field as well. The dramatic technological changes symbolized by 
nuclear energy, electronics, supersonic aircraft and missiles systems 
are causing an explosion of change and growth in almost every 
social, political and economic institution, including the military 
establishment. . . . The Armecl Forces are competing with the civil- 
ian economy for a relatively scarce resource. Technically skilled 
personnel are in great demand in this expanding, technically- 
powered economy . . .

This competitive demand for expert technicians is the point 
of departure for any analysis of the human element and its impact
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on operational performance of unmanned ballistic missiles. And 
it prompts some perplexing questions about the missileman re- 
source:

• Where do we stand today in development of the missile-
man?

• What qualifications must the missileman liave?
• From what source do we get the missilemen oi tomorrow?
• How many must we have and how soon must we have 

th em?
• How long can we keep them after we get them trained?
• What will be the conditions of Service for the missileman, 

compared to Air Force life as we know it today?
The Air Force literally has been running a carrousel, with 

thousands of trainees going round and round after one another 
and with all too many skilled and experienced technicians drop- 
ping off at the first opportunity into the more lucrative jobs of- 
fered by industry. Thus the second road promises to be at least as 
rocky as the older, well-traveled one. And there is the added com- 
plication that, at least in the beginning, the people for manning 
of both systems must come from the same existing resources.

Lead time for training has always been a limiting factor in 
developing and employing new weapon systems, particularly in 
recent years with the rapicl advance of technology and the result- 
ing complexity of modern military hardware. The problems of 
complexity and training lead time are compounded in the ballistic 
missile program because organization and training of operational 
units must proceed simultaneously with research, development, 
and testing of the missiles. Most of the missile know-how is now 
concentrated in the laboratories, production plants, and test facili- 
ties. Research, development, and testing must go on, however— 
even after the first and subsequent operational “birds” are pointed 
upward and cocked for potential firing in anger.

To establish the earliest operational capability with ballistic 
missiles, therefore, the Air Force must breed its missilemen and 
its missiles at the same time, so to speak. Officers and men of the 
Air Force are now sprinkled throughout all contractor plants to 
learn what can be learned only by “over-the-shoulder” training. 
Many more will be entered into training at these facilities in the 
next few months. They will work in the laboratories, on the pro-
duction lines, and at the test sites alongside engineers who them- 
selves are still studying and experimenting with techniques of



rocketry, guidance, fuel systems, and the like. There is no other 
way to produce the missilemen for our initial operaiional units. 
There is not time to wait until the full cycle ot research, develop- 
ment, and testing has been completed, as we would do normally 
with a new aircraft model.

The most significant human limitation on operational per-
formance of ballistic missiles, then, is the incubation time from 
no missile knowledge to perfected technical competence for the 
many missilemen we need. The Air Force is well along, after 
months of preparation, towarcl General Twining’s second road— 
the creation of an operational ballistic missile force.

The lst Missile Division was organized at Cooke Air Force 
Base, Califórnia, in July 1957 by the Ballistic Missile Division of 
Air Research and Development Command. This first-of-its-kind 
organization was given the dual mission of training Air Force 
missilemen and developing an initial operational capability with 
intermediate-range and intercontinental ballistic missiles. In July 
1957 the 704th Strategic Missile Wing was organized, also at 
Cooke, as the “incubator” unit for the first ballistic missile squad- 
rons. The plan was that ARDC would create operational units 
concurrently with development and testing of the hardware and 
turn the fully trained units over to SAC coincident with delivery 
of fully tested, ready-to-fire operational missiles.

Events overtook this plan, and on 1 January 1958 the lst 
Missile Division and its fledgling units were transferred to Stra-
tegic Air Command, under the command of Major General David 
Wade, formerly Chief of StafT at SAC Headquarters. With as- 
sistance from ARDC’s Ballistic Missile Division at Inglewood, 
Califórnia, Strategic Air Command is pulling out all stops to expe- 
dite training of missilemen and to accelerate creation of the first 
operationally ready ballistic missile units.

An IRBM training squadron has been activated at Cooke 
Air Force Base. It is the task of this squadron to supervise train-
ing of all IRBM units. The first two operational Air Force IRBM 
squadrons also have been activated, the 672d Strategic Missile 
Squadron (Tlior) at Cooke AFB and the 864th Strategic Missile 
Squadron (Júpiter) at Huntsville, Alabama. Personnel for all 
these squadrons have been selected and are now in various stages 
of training. The ICBM training program has not progressed 
quite as far, but it will follow along in similar manner in phase 
with delivery of the first ICBM weapons to launch sites.

In a combined effort with the missile contractors and the 
Ballistic Missile Division of ARDC, the lst Missile Division will
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supervise the training of all IRBM units and will train and com- 
mand all ICBM units. The IRBM units will be deployed overseas 
by Strategic Air Command upon completion of training. Most of 
the training in the early stages will be done by the contractors in 
their plants. This is the training of individuais in the variety of 
special skills required. As soon as facilities are completed and mis- 
siles and associated equipment are delivered to Cooke AFB, unit 
training for Thor, Atlas, and Titan missiles will be accomplished

Ballistic Missile Training Organization

there. Individual training on the Júpiter missile will be conduct- 
ed in part at the Army Ballistic Missile Agency at Huntsville, 
Alabama. Ultimately it is expected that a substantial portion of 
the Júpiter training will be done at Cooke AFB.

The individual-training program has been developed to a 
large degree by the contractors concurrently with development of 
the missiles. This is standing procedure, for the design of the 
missiles and their component parts is predominantly influenced



by the ability of ordinary people to maintain and operate them.
During a recent visit to the Convair plant at San Diego, lst 

Missile Division officers asked Jim Dempsey, Chief Atlas Project 
Engineer, th is question: “The general idea seems to prevail that 
all missilemen must be in the genius category—what is your view 
as to the kind of people we will have to have in our operational 
units?’’ Mr. Dempsey’s answer was that missilemen could and 
would be of the saine ilk as those we have trained by the thousands 
in the maintenance and operation of B-47’s, B-52’s, and other mod- 
ern aircraft. He reiterated that design criteria on the Atlas and 
other missiles are oriented to personnel qualifications and limita- 
tions and that qualitative personnel requirements are being de- 
veloped jointly by the contractors and the Air Force concurrently 
with development of the hardware. In effect the missiles are being 
tailored to the man.

It is feasible, then, that the combination of individual train- 
ing and specialized unit training as presently conceived will qual- 
ify missilemen in all the skills required for operational ballistic 
missile units. Many of these missile skills are new, while many are 
variations of other occupational specialties already existing in SAC 
and other Air Force commands.

It is quite logical to expect that a technical sergeant Elec-
tronic Navigation Equipment Technician (Air Force Specialty 
Code 30171) now maintaining B-47 or B-52 equipment in SAC 
can transition fairly rapidly to effective performance as a Missile 
Guidance Systems Technician (AFSC 31170B). He will require 
specialized training, of course, but his existing skill and experience 
are readily transferable to missile maintenance.

At the outset our military missilemen of today, except for 
those associated with research and development and the few 
trained on Matadors, Snarks, and other air-breathing “birds,” are 
the electronics officers and technicians, the fire-control experts, 
the mechanics, and other technicians now in our inventory, most 
of whom are in SAC keeping the manned aircraft flying. They are 
the best we have been able to get and keep, and they have already 
proved themselves. These trained and experienced aircraftmen, 
both in SAC and elsewhere in the Air Force, are the only im- 
mediate resource of people to be retrained into ballistic missile 
skills.

Here, of course, we run head-on into the crucial aspect of the 
two roads” dilemma: How can we avoid weakening our existing 

manned-aircraft deterrent force in the process of manning ballistic
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missile units? Our only recourse is to nurse along our existing 
manned bomber and fighter force, weaning some of its offspring 
gradually to make up a nucleus for fledgling ballistic missile units. 
But for every inan we take out of SAC bomber units, we must train 
a replacement—at least until ballistic missiles actually begin to 
supplement manned bombers in the SAC emergency war plan.

Where do we find the many other missileman candidates we 
must have to build up the ballistic missile operational force? 
The answer is the same place we found the SAC men-on the 
streets, on the farms, or wherever Air Force-motivated youngsters 
come from. l he missilemen of the future are the ordinary, but 
alert and trainable, young men who stop and read the recruiters’ 
signs. There is no other resource. But if they can master the intri- 
cacies of the thousands of gadgets that make a B-52 capable of 
delivering an H-bomb to Soviet targets, they can learn what they 
need to know to boost ballistic missiles off the ground and onto 
target track.

So now we come back to the laws of nature and Science. We 
can raise the manpower and we can produce the missiles. We can 
teach the men to do all the things that have to be done to count- 
down and fire the missiles. But we must have them in vast num- 
bers, and we must allow for the training lead time required to 
make them reliable and competent.

The trick comes in keeping them once we have trained them. 
It has been difficult to hold them in uniform up to now, even with 
the traditional challenge, excitement, and satisfaction that have 
always been inherent in preparing for and taking off with a flight 
of bristling B-47's or B-52’s. In missile units the atmosphere is 
certain to be one of even greater challenge. But the training 
launches will be much less frequent than aircraft flights, and each 
firing will be preceded by long periods of tension and strain. 
Crews will find themselves sitting at consoles and working in iso- 
lated underground facilities where everything is done by remote 
control. Boredom and monotony will be a constant companion 
except for the times when missiles are actually being fired. Mul- 
tiple-shift operations will be required to maintain a State of 
constant readiness. In many cases the men will be separated from 
their families.

All these things will have to be overcome by an enlightened, 
new approach to the problem of individual motivations. We can- 
not afford to stand by and hope that trained missilemen will stay 
with us. We must be able to attract thousands of officers and men
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into a missile career and keep them there for at least an eight-year 
tour. To do so we must make their life as missilemen the best the
country can offer.

How do we do this? We do not know the complete answer 
yet. We do know that we cannot expect intelligent, technically 
qualified experts to submit to the privations and restrictions of a 
missileman’s life for pay that is less than they can get right on the 
same launch pad in civilian status from any one of the contractors. 
We know also that the man of missile caliber will not tolerate 
shabby, overpriced quarters for his family when he can provide 
decently for them by shucking his uniform. Nor will he submit to 
prolonged separation from his family without suitable compensat- 
ing reward. We know these things from recent and vivid experi- 
ence.

We believe, on the other hand, there are plenty of men who 
can be motivated to follow the career of a missileman if they are 
offered conditions of Service and life that measure up to alterna- 
tive civilian standards. This has been the guiding philosophy 
behind all that has been done to develop the first ballistic missile 
operational and training facility at Cooke Air Force Base. Army 
mobilization-type barracks for airmen that once housed 74 men 
have been converted into modern, highly attractive dormitories, 
with separate two- and three-man rooms. Bachelor officer quarters 
have been converted into comfortable, spacious apartment units 
that will assure young bachelor ofíicers of value received for their 
forfeited quarters allowance. Some 880 new three- and four- 
bedroom Capehart family quarters are under construction on the 
base, with 525 more to follow. Cooke will have the Air Force’s 
first three- and four-bedroom quarters for airmen—more than 600 
of them. In short, everything possible is being done to make the 
standard of living at Cooke AFB second to none and thus enhance 
the life of our first operational missilemen.

But will these physical innovations be enough without realis- 
tic attention to the primary motivating influence on missilemen 
and their families—their economic standing? I believe they will 
not.

The case for an improved military compensation system and 
other military career enhancements has been well documented by 
the Defense Advisory Committee on Professional and Technical 
Compensation (Cordiner Committee). It appears likely that the 
Congress will enact some kind of legislation to steepen the mili-
tary pay curve. But there appears much less probability of legisla-
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tion to make quarters allowances more realistic, to establish some 
form of isolation or remote-duty pay, or to bring into reality the 
other improvements recommended by the Cordiner Committee.

If the Air Force is to build and maintain ballistic missile 
units up to the required levei of operational readiness, the missile- 
man’s career must be brought up to standards more competitive 
with those available in the civilian economy.

T h a t  is for the future units. At this early stage there is great 
enthusiasm and pride among the officers and men of the lst Mis-
sile Division. We are charging ahead in preparation for the day 
when the first operational “bird” will stand upright and be 
counted in SAC’s emergency war plan capability. ‘Hangar flying” 
sessions produce all sorts of strange but fascinating new lingo. 
Altitude to the missileman becoines “apogee,” peak of the missile’s 
flight path arc. Fuel is “propellant,” a combination of kerosene 
and LOX (liquid oxygen). The hangar has been replaced by a 
“ RIM” building, the building where the missiles will be received, 
inspected, and maintained.

Every man at Cooke AFB is a missileman, from the general 
commanding to the cook in the mess. It is an exciting experience 
to be traveling down General Twining’s “second road” with the 
country’s first operational ballistic missile command.

The atmosphere is loaded with challenge for the missileman 
of the future. As Author Albro Gaul in his introduction to The 
Complete Book of Space Travei says: “The first space pilot has 
already been born. He is probably between ten and 16 years old 
at this moment . . . ”

The line forms to the right.

Headquarters lst Missile Division (SA C)
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THE instrum entation plan  fo r lhe Air Force M issile Test Center range is 
derived direclly from  lhe test requiren ients gen erated  by lhe various 

m issile lest agencies.
B efo re  lhe ballistic  m issile  p rogram s cam e into bein g, the range in- 

strum entation p lan  was designed  to su p p ort cru ise m issiles (form erly  called 
aerodynam ic m issile s) such as the M atador, the Sn ark , and the N avaho. 
Thanks to geography and the cooperation  o f the dow n-range governm ents, 
a chain o f island stations provides con tin uou* corridor coverage o f telem etry, 
radar, and c o m m an d /d estru et freq u en cies fo r  the íirst 1 4 0 0  iniles o f m issile  
flight. T hrough out the next 2 8 0 0  m iles the only coverage is telem etry ob- 
tained from  six  p icket sh ips spaced  at equ al in tervals alon g the flight path . 
Instrum entation based on A scension Islan d , 4 4 0 0  m iles from  Cape Canav- 
eral, provides land-based coverage o f telem etry, rad ar, and c o m m a n d /d e -
struct frequen cies fo r  the last few hundred m iles. T h rou gh ou t this distance 
there are specified  im pact areas fo r  the various cru ise  m issiles. T h is ran ge 
has been used in its entirety, the íirst m issile  to go the fu ll route being the 
Snark  flight o f 31 O ctober 1957 .

Beginn ing in 1955  the in flu x  o f ballistic  m issile  p ro gram s brouglit 
about a m ajo r chan ge in the concept o f ran ge  p lan n in g . W ithin a few 
months test requ irem en ts were received fo r  the T h o r, Jú p ite r , P o laris, Van- 
guard, Atlas, and T itan  p ro gram s. F o r the testing o f these m issiles there 
would have to be dow n-range fac ilitie s to accom m odate  ballistic  m issiles 
with ran ges varying from  a few hundred m iles to five thousan d  m iles. Nor 
was variation in distance the only prob lem . U nlike the cru ise  m issiles, which 
can be m aneuvered close to the chain  o f dow n-range islan d s, the ballistic

Stations

1 Cape Canavera l
2 Júpiter Inlet
3 G rand  Baham a
4 Eleuthera
5 San  Sa lvado r
6 M a y a g u a n o
7 G rand  Turk
8 Dom inican Republic
9 M a y a g u e z

10 An tigua
11 St. Lucia
12 Fernando de N oronha
13 Ascension  Island 

picket ships



m issile must take a straight palh  from  launch Io im pact. A fter leaving the 
m ainland of F lorida lhe m issile is at all tim es several hundred m iles or m ore 
from  lhe nearest inslrum enled station . T hese great d istances from  the track- 
ing stations, eoupled with the high veloeities inherent in baliistic  m issiles, 
present unusual problem s in ran ge instrum entation .

T o analvze these problem s, we can quite logically  divide the baliistic 
m issile  trajectory into three p ortion s:

•  The powered-flight portion— from  launch to burnout
•  The m id-course portion— from  burnout to re-entry into the at-

m osphere
•  The term inal portion — from  re-entry to im pact.

Lookin g at each portion in turn , we can review the m a jo r  test requ irem en ts, 
the pu rpose  o f the requ irem en ts, and the AFM TC instrum entation  p lan  fo r  
m eeting the requirem ents.

potvered flight

In the pow ered-flight portion  there is the requ irem en t to determ ine 
with extrem e accuracy the position  o f the m issile  at all tim es. T hese data 
are needed to establish  the sh ap e  o f the ascen din g  portion  o f the trajectory .

T o  m eet this requ irem en t, C ape C anaveral has an  o verlap p in g  sequence 
o f optical and eleetronic equ ipm en t. For the first few thousan d  feet o f 
m issile  rise , fixed p late  and track in g  eam eras, as well as traek in g  rad ars , 
provide coverage. Then beginn ing at a few thousan d  feet a fte r  launch and

Central Control at Cape Canaveral is the nerue center of the AFMTC missile test 
program. In addition to the administrativa ofpces, the building honses the air 
operations room. For all missile flights this room coordinates and Controls range 
instrumentation, clearance to [ire, range safety, and continuous display in real- 
lime of the missile’s position and pnint of impact in event of fuel cutoff. Equip-
ment on the roof.from right to left: a Communications antenna, a helical telemetry 
tracking antenna. a Gabriel command/destruct antenna, a CPS-5 surveillance radar 
antenna, two SCR-58-/ Mocl II radars, and Communications and timing antennas.



IVhether a missile test is successful or not, 
the missile’s azimuth, altitude, and attitude 
must be known second by second after 
launch. One reliable tracker is the Mod II 
radar, which with the boresight camera 
11) has an angle-data accuracy of 1 mil. For 
the first feiv hundred feet of missile flight, 
radar tracking is hampered by ground 
clutter and multipath. With the Navy 
MK-51 gun direclor (2) modiped as an op- 
tical tracking aid to the Mod II radar, 
early tracking can be done visually. H>gh- 
speed recording of azimuth and elevation 
scale data is provided by Askania cine- 
theodolites (3), as well as position of tar- 
get with respect to direction of airn. Sev- 
eral, synchronized in timing, photograph 
the flight from different positions at frame 
rates up to four per second. Triangula- 
tion of these films provides the missile’s 
position. Cine-theodolites are dispersed in 
seven towers on the Florida coast. Each 
tower (4) has a power-driven astrodome, 
timing, electronic control, clarkroom, and 
air-conditioning equipment. Other cover- 
age is provided by the CZR-1 ribbon-frame 
camera on a 3-axis gimbaled mount (5), tak- 
ing l-by-5-inch pictures at 30, 60, 90, or 
180 frarnes per second. Measurements of 
the position of the missile frame by frame 
and comparison with synchronized pictures 
taken at other sites reveal the missile posi-
tion, velocity, acceleration, and attitude.



continuing to bu m out and even beyond, several electronic track in g system s 
are available. Three o f these system s will be d iscussed .

O ne such system  is D ovap (D o p p le r  Velocity and P o sitio n ). T h is is 
based on m easurem ent o f the D opp ler sh ift, m ade possib le  by a law o f 
physics that the wave length o f em issions from  an ob ject ap p ears  to grow 
greater or less as the ob ject ap p roach es or recedes in relation  to an  observa- 
tion point. Ju st  as the rate  o f ap p roach  and recession  o f a d istan t star m ay 
be determ ined by the D oppler sh ift in the visible spectrum  o f the star and 
ju st  as the approach  or recession  o f a locom otive m ay be determ ined from  
its whistling by the D opp ler sh ift in an  aud io  frequen cy , so a lso  m ay the 
com ponent o f velocity o f a m issile  toward or away from  a receiver site be 
m easured by the D op p ler sh ift in a rad io  frequen cy . T h ree  or m ore reeeiv- 
ers are required in order to obtain  the ab so lu te  velocity. One in itia l position  
on the trajectory m ust be obtained  by som e other m ethod , such as ballistic 
cam eras. H aving an in itial point and the velocity, the sh ap e  o f the tra jec-
tory can be established.

Another electronic track in g  system  is the A zusa. T h is device m easures 
two direction  cosines and slant ran ge . From  these d ata  the m issile ’s position  
can be com puted. It operates on the prin cip ie  o f ph ase  com p arison . S lant 
ran ge is m easured  by the ph ase  d ifference between the tran sm itted  sign al and 
the transponded sign al received fróm  the m issile . D irection  cosin e is m eas-
ured by the phase d ifference between sign als received fro m  the m issile  at 
an tenn as located at the ends o f  a base line o f  known len gth . An Azusa 
system  is located at C ape C anaveral and a second system  is p lan n ed  fo r  
down ran ge.

T h e D ovap and A zusa system s are  now the w orkhorses o f  the AFM TC 
ran ge. U nder developm ent is a system  o f great p rom ise  known as Secor 
(Sequ en tially  Correlated R a n g in g ) . T h is, in p rin cip ie , is a very sin iple

On the Florida mainland there are fonr Dovap receiver stations, one of them shown 
at the left below. Al the right of the photo is the 3y2-turn helix antenna that 
gathers a signal from the missile-borne transponder. The signal is recorded at 
this site with 15-bit range timing and reduced at Patrick AFB to yield precision 
data on velocity and position. Similar Dovap receiver antennas also operate 
down range, as the one shoiun at lower right on Walker Cay in the Bahama Islands.



The Azusa tracking station at Cape Canaveral (left) has eight -f-foot parabolic a)i- 
tennas on two mutually perpendicular base lines. At the center is a conical scan 
direction-finding antenna. The system measures two direction cosines and range. 
The two cosine reference antennas are on the right and in the foreground. The 
coarse direction cosine antennas are immediaiely adjacent to these, the fine direc-
tion cosine antennas on the other end of the Une. The transmitting antenna is 
on the far extension of the fore and aft line. The Secor system is shown (right) 
at its field test site. The helical antenna at left is the standard Secor antenna.

d ev ice . I f ,  f r o m  a p o in t  in  s p a c e ,  d is ta n c e s  ca n  be m e a su r e d  p re c ise ly  to 
th ree  point-» o f  kn ow n  g e o g r a p h ic a l  p o s it io n , th a t  p o in t  in  s p a c e  c a n  b e  
f ix e d . A lth o u g h  th re e  s ta t io n s  w ill fu r n is h  a  p o s it io n , th e  S e c o r  sy s te m  a t  
A F M T C  u tiliz e s  fo u r  s ta t io n s  fo r  r e d u n d a n c y  a n d  to e n su r e  th a t  th ree  s t a -
tion s w ill b e  on  w hile th e  s ta t io n  c h a n g e -o v e r  is  m a d e . T h e  p la n n e d  S e c o r  
ch ain  will c o n - is t  o f  10  s ta t io n s  d isp e r se d  a lo n g  th e  t r a je c to r y  f r o m  b a c k  o f  
lau n ch  to  b e y o n d  b u rn o u t , A s th e  m is s i le  r ise s  f r o m  th e  la u n c h  p a d , th e  
f o u r  s ta t io n s  on th e  F lo r id a  m a in la n d  will a c q u ir e  th e  m is s i le .  As th e  m is s ile  
p ro g re s se s  dow n r a n g e , the c h a n g e -o v e r  p r o c e s s  w ill c a u se  th e  m is s i le  to g iv e  
up  the re a rm o st  sta t io n  a n d  p ic k  u p  o n e  a h e a d . T h is  l e a p f r o g g in g  is con - 
tin u ed  u n til b u rn o u t  is  r e a c h e d .

A n o th e r  re q u ir e m e n t  in the p o w e re d -flig h t p o r tio n  is to  o b ta in  the 
velocity v ec to rs  to a h igh  d e g r e e  o f  p r e c is io n . T h e se  d a ta  a r e  t ieed ed  to 
p ro v id e  an  in d e p e n d e n t d e te r m in a t io n  o f  th e  a z im u th  a n d  e le v a t io n  t r a c k -
ing e rro rs  a s so c ia te d  w ith th e  g u id a n c e  sy s te m .

( id o n e l (  la ir  E . F.tcing. f í .S .  in  ( i c i l  E n g in e e r in g , K a n s a s  S ta te  C f jl le g e ; M .S . in 
C ivil E n g in e *  r in g . I n ir e r s i t r  o f  C o lo r a d o ; P h . ! ) . .  ( Jh io  S ta te  U n ire r s ity . is D ir e c to r  
a f  R a n g e  D e v e lo p rn e n t, A ir F o r c e  M issile. T e st  C e n te r , P a tr ie h  A F R . F lo r id a ,  
b u r in g  f f o r ld  ff a r  II  h e  s e r r e d  fo r  fico y e a r s  in th e  A le u tia n  I s la n d s  a s  an  in te lli-  
g en ce  o ffic e r . In  the K o r e a n  ff a r  h e c o m m a n d e d  th e  I s t  S h o r a n  f le a c o n  S q u a d r o n , 
an d  la te r  th e  o th  S h o ra n  f le a c o n  L n it ,  S t r a t e g ic  A ir C o n u n a n d . F o r h e s  A FFI. K a n -  
sa » . C o lo n e l E tc in g  *  P h .F ). in lh e  f i r s l  in C e o d e t ic  S c ie n c e  e v e r  g r a n te d  in th e  
W estern  l le m is p h e r e .  H e is  a  g r a d u a t e  o f  th e  A ir C o m rn a n d  a n d  S ia f f  S c h o o l.



Essentially lhe sam e equipm ent is used fo r  veiocity m easurem ent as 
was mentioned in conneclion with position  m easurem en t. T h e two functions 
o f position and veiocity are related by the elem ent o f tim e. Precise tim ing 
signals are transm itted from  the tim ing cen tral to the instrum entation
system s.

A special case o f veiocity m easurem ent is presen ted  by the satellite pro- 
gram s. When the rocket bearing the satellite  has ascen ded to altitude, it 
is necessary to determ ine the exact instant when vertical veiocity is zero. 
At that m om ent the path  o f the m issile  is p ara lle l to the earth  s su rface . 
This is the proper time to fire the final stage , thus p lac in g  the satellite  into 
orbit.

So fa r  in this discussion o f the pow ered-flight portion  o f the trajectory , 
the requirem ents for position and veiocity data have been m ention ed . A third 
m ajor requirem ent is to provide in-flighl p h otograph ic  surveillan ce fo r  the 
purpose o f observing such phenom ena as the flam e, stru ctu ral integrity , 
tum bling, and stagin g. To m eet this requ irem en t, the A FM TC h as developed 
a Roti (R ecording O ptical T rack in g  In stru m en t). Roti is a reflectin g tele- 
scope o f the Newtonian type. It has a focal length  ran g in g  fro m  100  to 50 0  
inches in increm ents o f 100  inches. T h e ap ertu re  is 2 4  inches. Ju s t  how 
fa r  Roti will see these phenom ena is a fu n clion  o f m issile  co loration , illum i- 
nation, and visibility. T he system  was designed to obtain  such d ata  up to a 
range o f 200 m iles. E xperience thus fa r  has con firm ed  the design  ob jective.

A special problem  in the pow ered-flight portion  is flam e attenuation . 
The Chemical process in the com bustion  o f som e fu e ls  in long-range ballistic  
m issiles yields, as a tem porary by-product, free  e lectrons. T h ese  a re  ex- 
pected to be present in such density that they cau se  severe atten uation  o f 
electrom agnetic propagation . It is th erefore  ad van tageou s to avoid viewing 
the m issile through its cone o f com bustion  gase s. T o  achieve a better view-
ing angle the AFMTC has d ispersed  its rad ar, telem etry , and co m m an d /d e- 
struct equipm ent alon g 160  m iles o f the east F lo rid a  coast, fro m  Spru ce  
Creek on the north to Jú p ite r  In let on the south .

Finally, in the powered-flight portion , a req u irem en t ex ists to protect 
life  and property again st hazards arisin g  fro m  m issile  test activities. An 
errant m issile could jeop ard ize  the m ain lan d , the dow n-range islan d s, or even 
go so fa r  astray as to fa li undetected. T o  control the po in t o f im p act, AFM TC 
has developed a com prehensive ran ge  safe ty  system . T h is  system  consists 
o f two categories o f equipm ent. T h e fir s t  contain s those devices used to 
detect, during the first few thousand feet o f  m issile  rise , the ch an ges in the 
• elocitv vectors. T hese changes are com pared  with the p ro gram ed  chan ges. 
If they exceecf previously selected lim its, the flight-term ination  system  will 
be acth ated . H istorically this category  o f equ ipm en t h as p ro gressed  through 
the sim ple wire sky-screen, the optical sky-screen, the electronic sky-screen, 
the tracking rad ars, an d , m ost recently, closed-loop television . T hese instru-
m ents are used to confine an  in itially  erran t m issile  to the vicinity o f the 
launch area.

For m issiles that becom e errant a fte r  the laun ch  p h ase  an  im pact pre- 
ictor has been developed. T h is consists o f  three dev ices: a tracker, a 

Computer, and a d isp lay . T he Azusa is used to determ in e the six  parameters 
o position and veiocity. An IBM -704 gen eral-pu rpose  d ig ita l Computer is 
use or calculating what the position  o f im pact would be i f  thrust were



Another device used to track ballistic 
missiles in flight is the Roti MK II (Re- 
cording Optical Tracking Instrument). 
This is a large tracking telescope unth 
local aided tracking Controls and re- 
mote positioning from range radars 
through a data-transmission and paral- 

lax-computation network. Roti includes a Newtonian telescope 24 inches in 
diameter and wilh IOO-inch focal length. The pnmary irnage is re-imaged by a 
turret-mounted lens transfer system that can change the efiective focal length 
from 100 inches to as rnuch as 500 inches in 100-inch mcrements. Roti obtains 
recorded tmagei of misules at slant ranges of up to 200 miles. At nght is a photo 
of a Thor taken by Roti from a distance of 35 miles unth the 500-mch focal length.

Irrm iiu lrd  inatantaneoualy, n r r r » « r i l«  fü iit iiir r ín f ■ m latin g  earth and the 
applieable la ««  o f  gravily and m otion . Hy u m* o f  this real-lim e di»play o f  
the im part point the range u f r t y  otfirer ma* v*ith ron fid en re  dela* destruct 
artion until a •mie arem  U rearhed.

m id-eourn> fhght

The requirem enta rorntm nrd mi far h a«r dealt %*ith lhe poH ered-flight 
porlion  on lr . The serond p orlion  it m id-eourse. K r litn r ly  apeaking, this 
U lhe aimpleat porlion  o f  the tra jeetorr. O nl* three «tf it* rrqu irrm ents t»ill 
he m entioned.

T h e firat i« io  reeeive an d  rreo rd  the te lem etered  in tern a i p e r fo rm a n re  
p ara  m etera, surh  aa fu e l flm », íu*-| ru to f l .  «k in  tr m p e ra lu r e , m iaaile a ltitu d e , 
ele . T h  ia req u irem en t e a ia l*  in lhe p o n ered -flig h t an d  te rm in a l p n rtio n * aa 
well aa lhe m id-eourae. T e lr m e lr *  reeep lio n  ia a m uat fro m  the lim e the 
nuaaile ia atanding nn lhe tau n rh  p ad  until it im p arta  in to  the o eean . T h e 
A n t í T T  p lan  ia to uae stan d ard  an d  h igh -gain  an len n aa  on lan d , aiipple- 
m en led  by p irk et ahipa an d  a ir r r a f t  n ear  the im p a rt a r m . T h e  Miaaile T eat 
O n t e r  haa d e *e ln p ed  an  au to m atie -trae k in g , h igh -ga in . p arab o lir-d íah  an- 
tenna o f  K erm ed» deaign  with a ga in  o f  2 fl deeihela above iao tro p ir . T h e  
diah ia 6 0  íeet in d ia m e te r  an d  m n u n trd  on a 400-ton ro n ere te  p ed e sta l. It 
haa been deaígned to » ith * ta n d  a in d a  u p  to 135  knota. O ne an ten n a will



Aside from lhe externai coverage of 
missile test flights provided by ra-
dar, cameras, and recording tele- 
scopes, there is the equally impor- 
tant requirement of picking up the 
data telemetered from the missile 
throughout its flight. This is the 
job of the antennas shown here: left 
above, the 7-turn helical telemetry 
receiving antenna, u>ith a frequency 
range of 215-2-15 megacycles, a gain 
of 7-10 decibels, a beatn icidth of 
45°, normally used at all telemetry 
receiving stations where moderate 
gain is acceptable. Right above, the 
tri-helix telemetry receiving anten-
na, frequency range 215 245 mc, 
gain 15-17 db, beam width approxi- 

mately 20°, normally used at telemetry receiving stations where high gains are 
necessary. Left, the high-gain, automatic-tracking telemetry receiving antenna, 
frequency range 215-245 mc, gam 28 db, beam width approximately 4°, polariza- 
tion nght-hand circular, instaüed at 4 stations to cover ballistic missile trajectory.



be localed al C ape C anaveral, one at A ntigua, onc at Fern an do  de N oronha, 
and one a l Ascension Islan d .

Another requirem ent du rin g  m id-course is to determ in e a series o f 
position points follow ing burnout. T hese data are requ ired  in ord er Io com -
pare the trajectorv as actually  flown with the theoretical trajectory  as derived 
from  known physical Iaws. T o  meet this requ irem en t, ballistic  cam eras are 
used in pairs at the end o f a known base line. The sp atia l orientation  o f  the 
optical ax is o f each cam era is determ ined by referen ce  to the ste llar back- 
ground, which is recorded on the p late  a lon g with the flash in g  light from  
the m issile .

The intensity o f the gravity  field m ust be known throughout m id-course. 
This in forn iation  is necessarv  because the ballistic  m issile  respon ds to the 
acceleration o f  lhe earth ’s gravity  ju st  as does any other free  body in sp ace . 
Since the gravity field varies from  poin t to point on the earth ’s su rface , it 
m ust be m easured . A pproxim ately  2 5 ,0 0 0  m iles o f su b m arin e  track have 
been logged d u rin g  the p ast year fo r  gravity  m easu rin g  o p eration s. T h ese  
data are corrected to the earth ’s su rfa ce , then extrapo lated  to m issile  altitude.

term inal flight

The third or term inal portion  o f  the trajectory  is com prised  o f re-entrv 
into the atm osph ere and im pact into the ocean . T he sh ap e  o f the trajectory  
and the im pact position  are requ irem en ts in this term in al portion .

T o  establish  the descen din g portion  o f the trajectory', several instru- 
m entation devices are used. W hen the m issile  is several h un dred  m iles up 
range from  the im pact point, it will be acqu ired  by C otar (C orre lation  T rack- 
ing and R a n g in g ). T h is is a track in g  System  alm ost identical to A zusa. It 
m easures two direction cosin es and slan t ran ge  by phase-com parison  tech- 
n iques. Though less accu rate  than A zusa, it is om n id irection al, which is an  
asset du rin g  the term in al portion . Also the C otar will act a s  an  acqu isition  
device fo r  p lacing the long-range, m on opu lse  A N /F P S -1 6  ra d ar  on target. 
Both the Cotar and the ra d ar  will track  to im pact into the ocean .

T h e  test requirem en ts that have been outlin ed  are  by no m ean s a ll o f them . 
There are a m ultitude o f lesser ones. A lso each m issile  p ro gram  h as its own 
num erous requirem en ts p ecu liar to that p articu lar  p ro gram . T h e  test req u ire-
m ents m entioned here are the m a jo r  ones and are represen tative  o f  the 
problem s to be overcom e in in stru m en tin g  a ballistic  m issile  test ran ge.

Air Force Missile Test Center



The USAF
Reports to Congress

A Qucirterly Review Staff Report

In Aug ust  1957 th e  S o v ie t  U n io n  a n n o u n c e d  t h a t  i t  h a d  a n  i n t e r c o n t i n e n t a l  
b a l l is t ic  m issile . T h i s  c la im  c r e a te d  a r i p p l e  o f  i n te r e s t .  R e a c t io n s  v a r ie d  

f ro m  m i ld  a la rm  to  s c e p tic is m . T w o  m o n th s  l a te r ,  in  O c to b e r ,  c a rn e  th e  b ig  
sh o ck . T h e  S o v ie ts  p u t  i n to  o r b i t  a r o u n d  th e  e a r th  a s a te l l i t e  v e h ic le  w e ig h - 
in g  184 p o u n d s .  O n e  o n ly  h a d  to  w a tc h  th e  n ig h t  sky  a t  th e  a p p o i n t e d  t im e  
o r  t u n e  in  o n  th e  p r o p e r  s h o r t-w a v e  f r e q u e n c y  to  h a v e  p r o o f  o f  th e  b a s ic  fa c t  
t h a t  th e  s a te l l i te  w as th e re .  T h e  i n t e r n a t i o n a l  d e b r is  w as  s t i l l  s e t t l i n g  a 
few  w ee k s  la te r ,  in  N o v e m b e r ,  w h e n  th e  s e c o n d  R u s s ia n  s a te l l i t e  a r c e d  in to  
o r b i t —th is  t im e  o n e  w e ig h in g  1100 p o u n d s  a n d  c a r r y in g  a  l iv e  d o g .

D e c e m b e r  s h a r p e n e d  th e  d is m a y  o f  th e  f r e e  w o r ld  w h e n  th e  U .S . N a v y ’s 
m u c h -p u b l ic iz e d  V a n g u a r d  r o c k e t  c o l la p s e d  o n  ta k e -o ff  a n d  i ts  s m a ll ,  s h in y  
s a te l l i te  lay  a m id s t  th e  w re c k a g e  o n  th e  l a u n c h  p a d .  J a n u a r y  1958 b r o u g h t  
th e  firs t ra y  o f  s u n s h in e .  T h e  A rm y  s u c c e e d e d  w i th  its  J u p i t e r - C  te s t  v e h ic le , 
a n d  th e  firs t A m e r ic a n  s a te l l i t e  w as in  o r b i t —a p p a r e n t l y  b e t t e r  i n s t r u m e n te d  
th a n  th e  R u s s ia n  o n e s  b u t  a t  30  p o u n d s  a  m e a g e r  p a y lo a d  in  th e  fa c e  o f  th e  
R u s s ia n  a c h ie v e m e n ts .

I n  th e  U n i te d  S ta te s  p u b l ic  d e b a te  h a s  b e e n  t r o u b l e d  a n d  p o in ts  o f  
v ie w  h a v e  b e e n  m a n y  a n d  v a r ie d .  S ti l l ,  o u t  o f  th e  w e l t e r  o f  o p i n io n  tw o  fa c ts  
h a v e  e m e rg e d  as i n c o n t r o v e r t ib le :

•  th e  S o v ie t U n io n  h a s  g a in e d  a  m a j o r  te c h n o lo g ic a l  a n d  p r o p a g a n d a  
t r i u m p h  th r o u g h  th e  l a u n c h i n g  o f  th e  firs t e a r t h  s a te l l i te s ;

•  the State of the art which they represent constitutes an urgent tech-
n o lo g ic a l  a n d  m i l i t a r y  c h a l le n g e  to  th e  U n i t e d  S ta te s .

E s t im a te s  v a ry  as to  th e  r e la t iv e  p o s i t io n s  in  th e  r a c e  o f  th e  S o v ie t  U n io n  
a n d  th e  U n i te d  S ta te s , f r o m  th e  m o re  p e s s im is tic  o n e s  o f  o u r  b e in g  five to  
tw o  y e a rs  b e h in d  th e  R u s s ia n s  to  c la im s  t h a t  w e  a r e  n e c k  a n d  n e c k . B u t  
s in c e  th e  firs t tw o  s p u tn ik s  n o  r e s p o n s ib le  v o ic e  h a s  c la im e d  t h a t  th e  U n i te d  
S ta te s  is c le a r ly  in  f r o n t .  F o r  im p re s s iv e  as th e  s a te l l i t e s  th e m s e lv e s  m a y  b e . 
b e h in d  th e m  lu rk s  th e  e v e r  m o re  im p re s s iv e  m i l i t a r y  im p l i c a t io n s  o f  th e  
p o w e r fu l  m iss ile s  t h a t  p u t  th e  b ig  s a te l l i te s  i n t o  o r b i t .

O f  th e  m a n y  re s p o n s e s  t r ig g e r e d  b y  th is  s i t u a t io n  o n e  o f  th e  m o s t  im -
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p o r t a n t  h as  b e e n  th e  in q u i r y  i n t o  th e  s ta tu s  o f  th e  U .S . m is s ile  a n d  s a te l l i t e  
p ro g r a m s  by th e  P r e p a r e d n e s s  I n v e s t ig a t in g  S u b c o m m it te e ,  a s t a n d in g  su b - 
c o m m it te e  o f  th e  C o r a m i t te e  o n  A r m e d  S e rv ic e s  o f  th e  U n i t e d  S ta te s  S e n a te .  
M e m b e rs  o f  th e  s u b c o m m it te e  u n d e r  th e  c h a i r m a n s h ip  o f  S e n a to r  L y n d o n  
B. J o h n s o n  o f  T e x a s  a r e  S e n a to r s  J o h n  C . S te n n is  (M is s is s ip p i) ,  S tu a r t  P . 
S y m in g to n  (M is s o u r i) ,  L e v e r e t t  S a l to n s ta l l  (M a s s a c h u s e t ts ) ,  R a l p h  E . F la n -  
d e r s  (V e rm o n t) ,  E s te s  K e f a u v e r  ( T e n n e s s e e ) ,  a n d  S ty le s  B r id g e s  (N e w  
H a m p s h ir e ) .  M o re  p o p u la r l y  k n o w n  as th e  J o h n s o n  C o m m i t te e  a f t e r  i ts  
c h a i r m a n ,  th e  s u b c o m m it te e  h a s  b e e n  h o l d in g  e x te n s iv e  h e a r in g s  in  a n  e f fo r t  
to  d e te r m in e  w h a t  n e e d s  to  b e  d o n e  to  b o l s te r  th e  m is s ile  p r o g r a m  a n d  th e  
r e l a t e d  r e s e a rc h  a n d  d e v e lo p m e n t  p r o g r a m s  o n  s p a c e  v e h ic le s  a n d  s p a c e  
w e a p o n ry .

I n  h is  o p e n in g  s t a te m e n t  S e n a to r  J o h n s o n  e x p r e s s e d  h is  b e l i e f  t h a t  th e  
fac ts  th e  h e a r in g  m ig h t  d is c lo s e  w o u ld  n o t  " i n v i t e  o u r  p e o p le  e i t h e r  to  a 
s ie s ta  o r  to  a  h y s t e r i a ” b u t  t h a t  th e y  w o u ld  “ in s p i r e  A m e r ic a n s  to  th e  g r e a te s t  
e f fo r t  in  A m e r ic a n  h is to ry .  A n d  th is  c o m m i t t e e  se e k s  o n ly  to  d e t e r m in e  
w h a t  c a n  b e  d o n e ,  w h a t  m u s t  b e  d o n e  n o w  a n d  fo r  th e  lo n g  p u l l . ”

M a n y  o f  th e  v ie w s  e x p re s s e d  b y  le a d e r s  o f  th e  U n i t e d  S ta te s  A ir  F o rc e  
in  r e s p o n s e  to  th e  q u e s t io n s  o f  th e  s u b c o m m i t te e  m e m b e r s  a n d  th e i r  C h ie f  
C o u n s e l ,  M r. E d w in  L . W e is l ,  a r e  o f  a b s o r b in g  in t e r e s t  a n d  im p o r ta n c e  to  
a i r m e n .  F ro m  th e  th o u s a n d s  o f  wx>rds o f  te s t im o n y  th e  E d i to r s  o f  Air Uni- 
versity Quarterly Review h a v e  s e le c te d  r e p r e s e n t a t i v e  p a s sa g e s  a n d  s t a te m e n ts  
b e a r in g  o n  c e r ta in  p r o m i n e n t  is su es  o f  im m e d ia t e  c o n c e r n  to  p r o f e s s io n a l  
u n d e r s t a n d in g .  T h e s e  p a s sa g e s  h a v e  b e e n  c h o s e n  w h e r e v e r  th e y  w e re  f o u n d  

t h r o u g h o u t  th e  u n c la s s if ie d  p o r t i o n s  o f  th e  te s t im o n y  a n d  h a v e  b e e n  as- 
s e m b le d  in to  a  c o n t in u i t y  w i th  a m in im u m  o f  s u m m a r y  in  th e  h o p e  o f  f a i r ly  
r e p r e s e n t in g  th e  o p i n io n s  o f  o u r  o w n  le a d e r s  o n  th e s e  to p ic s  o f  p r o f e s s io n a l  
c o n c e rn :  th e  s ta tu s  o f  o u r  A ir  F o rc e  p r o g r a m s ,  th e  q u a l i t y  o f  o u r  in c o m in g  
w e a p o n s , a n d  o u r  m a r c h  f o r w a r d  i n t o  n e w  w e a p o n  sy s te m s  t h a t  b e a r  o n  th e  
e x p lo r a t io n  a n d  th e  c o n t r o l  o f  sp a c e .

T h e  c i te d  r e m a r k s  a r e  in  m o s t  in s ta n c e s  b r i e f  s e le c t io n s  f r o m  l a r g e r  
b lo c k s  o f  d i r e c t  t e s t im o n y  in  th e  v e r b a t im  g iv e - a n d - ta k e  o f  th e  q u e s t io n in g .  
T o  p re s e rv e  b o th  f la v o r  a n d  a u t h e n t i c i ty ,  e d i t i n g  h a s  b e e n  l im i t e d  to  th e  
p ro c e ss  o f  s e le c t io n  in  v ie w  o f  th e  s p a c e  a v a i la b le  a n d  th e  v o lu m in o u s  t r a n -  
s c r ip t  o f  th e  u n c la s s if ie d  s t a te m e n ts  m a d e  d u r i n g  th e  s e s s io n s  o f  17 D e c e m b e r  
1957, a n d  8 a n d  9  J a n u a r y  1958. O n ly  A ir  F o rc e  te s t im o n y  is i n c lu d e d .

First Priority—Maintain the Deterrent Force

T h e  a n c h o r  v ie w  o f  th e  U S A F  te s t im o n y  w as  a n  a b s o lu t e  n e e d  f o r  a  
fo rc e  c a p a b le  o f  c e r ta in  c o u n te r a t t a c k  u n d e r  w h ic h  n o  e n e m y  m ig h t  h o p e  
to  p ro f i t  f ro m  h is  w a r  o r  f in d  v ic to r y  in  s u d d e n  a t t a c k .  T h i s  fo rc e  is th e  
S tra te g ic  A ir  C o m m a n d .  A t p r e s e n t  its  s t r e n g t h  is in  th e  m a n n e d  b o m b e r  
fo rc e s , w h ic h  a r e ,  in  p r o f e s s io n a l  o p i n io n ,  c u r r e n t l y  q u i t e  c a p a b le  o f  p e r -  
fo r m in g  th e  c o u n te r a t t a c k  m is s io n . M is s ile  fo rc e s  a r e  b e g i n n i n g  to  p h a s e  
in to  th e  S tra te g ic  A ir  C o m m a n d  to  s u p p l e m e n t  th e  m a n n e d  b o m b e r s  a n d
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d iv e rs ify  th e  c o u n te r a t ta c k  c a p a b i l i ty .  U l t im a te ly  a s t ro  fo rc e s  w il l  p h a s e  in  
fo r  m a n n e d  o p e r a t io n s  in  sp a c e . B u t  w h a te v e r  w e a p o n r y  a n d  c o m b in a t io n s  
o f  b o m b e rs ,  m issiles , a n d  s p a c e c ra f t  th e  S t r a te g ic  A ir  C o m m a n d  m a y  a ssu m e  
f ro m  y e a r  to  y e a r , its  d e t e r r e n t  fo rc e  m u s t  b e  k e p t  s t r o n g  y e a r  in  a n d  y e a r  
o u t .  I t  c a n n o t  be a l lo w e d  to  p e a k  a n d  s lu m p  as th e  n e w  w e a p o n s  a n d  c a p a - 
b i l i t i e s  p h a s e  in  a n d  o ld e r  w e a p o n s  p h a s e  o u t  o f  its  o p e r a t io n a l  u n i ts .  T h is ,  
s a id  L t. G e n e ra l  D o n a ld  L . P u t t ,  D e p u ty  C h ie f  o f  S ta f f  fo r  R e s e a r c h  a n d  
D e v e lo p m e n t ,  U S A F , “ it  is e s s e n tia l  t h a t  w e  d o  . . . w e  h a v e  g o t  to  ta k e  c a re  
o f  to d a y 's  d e t e r r e n t  fo rc e . W e  h a v e  a lso  g o t  to  d o  th e  th in g s  t h a t  n e e d  d o in g  
to d a y  so  t h a t  w h e n  w e  g e t  to  to r n o r ro w  w e h a v e  n o t  s l ip p e d  b a c k  t h e n . ”

G e n e r a l  C u r t i s  E . L e M a y , V ice  C h ie f  o f  S ta ff , U S A F , c o n c u r r e d  a n d  
c o m m e n te d  o n  th e  u l t i m a te  s u p e r io r i ty  o f  m a n n e d  sy s tem s in  a ir - s p a c e  w ar- 
fa re . I n  r e s p o n s e  to  C o m m i t te e  C o u n s e l :

Mr. Weisl. “ D o  y o u  b e l ie v e  t h a t  o u r  m a n n e d  b o m b e r s  w i th  n u c le a r  
w e a p o n s  to d a y  c o n s t i tu te  th e  m a jo r  m i l i t a r ) ' d e t e r r e n t  a g a in s t  S o v ie t  ag g res- 
s io n  a n d  o u r  m a jo r  w e a p o n  sy s te m  o f  r e t a l i a t i o n ? ”

General LeMay. “ I d o n ’t t h i n k  th e r e  is a n y  d o u b t  a b o u t  t h a t ,  C o u n s e l .
“ T h a t  is t r u e .”
Mr. Weisl. “ H o w  lo n g  h a v e  w e  g o t  to  k e e p  t h a t  s t r e n g th ? ”
General LeMay. “ I t  is r a t h e r  d if f ic u lt  to  p ic k  o u t  a  d e f in i te  d a t e  w h e n  

w e  c o u ld  a b s o lu te ly  say  t h a t  u n m a n n e d  v e h ic le s  o r  w e a p o n  sy s te m s  w o u ld  
ta k e  o v e r  th e  m iss io n  n o w  p e r f o r m e d  b y  th e  m a n n e c l  v e h ic le .

“ I e x p e c t  it to  b e  a g r a d u a l  t r a n s i t i o n ,  a n d  I h a v e  s e r io u s  d o u b t s  wrh e th e r  
w e  w il l  e v e r  see th e  t im e  w h e n  th e r e  w ill  b e  n o  m a n n e d  v e h ic le s  in  o u r  
w e a p o n s  in v e n to r y .

“ I b e l ie v e  th a t  th e r e  w il l  a lw a y s  b e  a p la c e  f o r  th e m , a n d  w h i le  th e y  m a y  
n o t  lo o k  l ik e  th e  a i r p l a n e s  t h a t  w e  n o w  o p e r a t e ,  th e y  w ill  b e  m a n n e d  w e a p o n  
sy s te m s  n e v e r th e le s s ,  a n d  I t h i n k  a n y  fo rc e  t h a t  h a s  m a n n e d  w e a p o n  sy stem s 
a t  its  c lisp o sa l w ill  c e r ta in ly  h a v e  th e  a d v a n ta g e  o v e r  o n e  t h a t  c h o se  to  g o  
to  a n  u n m a n n e d  s y s te m .”

S e c re ta ry  o f th e  A ir  F o rc e  J a m e s  H . D o u g la s  a g r e e d :  “ T o d a y ,  o u r
p r in c i p a l  c o n c e rn  is to  m a in t a in  th e  m i l i t a r y  s t r e n g th  w h ic h  p r o v id e s  a n  ef- 
fe c tiv e  d e t e r r e n t  a g a in s t  a n  a g g re s s o r . . . . T h e  S tr a te g ic  A i r  C o m m a n d  is a 
m a in  e le m e n t  o f  o u r  d e t e r r e n t  fo rc e . W i t h  th e  s w if t ly  m o v in g  te c h n o lo g ic a l  
d e v e lo p m e n t  th e  m a i n t e n a n c e  o f  a  d e t e r r e n t  fo rc e  h a s  r e q u i r e d  a r a p i d  suc- 
c e s s io n  o f  n e w  w e a p o n s ,  w i th  th e  o ld  p h a s in g  o u t  a s  th e  n e w  a re  p h a s e d  in . 
S A C , f o r  e x a m p le ,  s in c e  W o r ld  W a r  I I  h a s  g o n e  su c c e ss iv e ly  f r o m  th e  B -29 
to  th e  B -50; B -36; B -47 a n d  n o w  to  th e  B -52. E a c h  o n e  o f  th e s e  w e a p o n s  fo l- 
lo w e d  a  f a m i l ia r  e v o lu t io n a r y  p a t t e r n —a firs t p h a s e  o f  l im i te d  o p e r a t io n a l  
u s e fu ln e s s  c a u s e d  b y  e x a s p e r a t i n g  m e c h a n ic a l  f a i lu r e s ,  a  s e c o n d  p h a s e  o f  
w e a p o n  m a t u r i t y  w i th  im p r o v e m e n ts  d e s ig n e d  to  in c re a s e  e f fe c tiv e n e s s , a n d  
a t h i r d  p h a s e  o f  g r a d u a l  o b s o le s c e n c e  as a m o r e  a d v a n c e d  w e a p o n  sy s tem  b e- 
c a m e  a v a i la b le .

“ B a ll is t ic  m iss ile s  a r e  v ie w e d  b y  th e  A ir  F o rc e  as c o n t in u a t i o n s  o f  th is  
e v o lu t io n a r y  p ro ce ss . T h r e e  p r in c ip i e s  m u s t  b e  c o n s ta n t ly  k e p t  in  m in d .

“ F ir s t ,  w e  m u s t  p u s h  th e  d e v e lo p m e n t  a n d  i n t e g r a t i o n  o f  th e  w e a p o n s



o f  to m o r ro w  a t  a  p a c e  w h ic h  p e r m i t s  o u r  s c ie n t is ts  a n d  t e c h n ic ia n s  to  o p e r -  
a te  e ffec tiv e ly .

" S e c o n d , w h i le  a n e w  w e a p o n  sy s te m  is b e in g  p h a s e d  i n —w h e th e r  i t  is 
th e  B-52, B-58, o r  a b a l l is t ic  m iss ile  l a u n c h e d  f r o m  lh e  g r o u n d  o r  a n  a i r c r a f t — 
w e m u s t  m a in ta in  th e  d e t e r r e n t  fo rc e  w i th  th e  w e a p o n s  o f  to d a y .

“ T h i r d ,  w e  m u s t  p re s s  fo r w a r d  w i th  p r o je c ts  f o r  th e  w e a p o n s  o f  d a y  a f t e r  
to m o r ro w  e v e n  th o u g h  w e  c a n n o t  c le a r ly  see  p re c is e ly  h o w  th o s e  w e a p o n s  
w ill o p e r a t e .”

T o  m a in ta in  th e  d e t e r r e n t  c a p a b i l i ty  o f  t h e  m a n n e d  b o in b e r  fo rc e s  o f  
SA C  w ill  ta k e  b ases , m e n ,  a n d  n e w  g e n e r a t io n s  o f  a i r c r a f t .  A ll  a r e  e x p e n s iv e  
to  a c q u ir e  a n d  m a i n t a in ,  a n d  f u n d s  w il l  h a v e  to  b e  f o u n d ,  i f  a  s t r o n g  a n d  
a le r t  fo rc e  is m a i n t a in e d .

. . .  bases

Mr. Weisl. " G e n e r a l  L e M a y , . . . y o u  h a v e  s t a te d  to  th e  S u b c o m m it te e  
o n  A ir  P o w e r  o f  th e  A r m e d  S e rv ic e s  C o m m i t te e *  t h a t  y o u  n e e d  a  g r e a t e r  
d is p e r s a i  o f  S A C  b ases .

“ H a s  a n y th in g  r e s u l t e d  f r o m  t h a t  t e s t im o n y ? ”
General LeMay. " S in c e  I la s t  a p p e a r e d  b e f o r e  th e  C o m m i t te e ,  I b e l ie v e  

th e re  h a s  b e e n  o n e  m o r e  b a s e  a s s ig n e d  to  th e  S tr a te g ic  A ir  C o m m a n d .
" H o w e v e r  it  is o n ly  c a p a b le  o f  t a k i n g  t a n k e r s  a t  th e  p r e s e n t  t im e  a n d  

n e e d s  so m e  m o re  c o n s t r u c t io n  b e f o r e  b o m b e r s  c a n  m o v e  o n  i t . ”

. . .  men

General White. " W e  a r e  d e f in i te ly  s h o r t  o f  m a n p o w e r  in  th e  c o m in g  
y ea r, a n d  I h a v e  r e q u e s te d  a n  in c re a s e  o f  10 ,000  p e r s o n n e l .  . . . 8 5 0 ,0 0 0  is o u r  
p r e s e n t  s c h e d u le  e n d  s t r e n g th  b y  30 J u n e  1958, a n d  I h a v e  a s k e d  t h a t  t h a t  
b e  r a is e d  to  8 6 0 ,0 0 0 .”

Senator Saltonstall. " I f  y o u  h a v e  8 6 0 ,0 0 0 , w ill  y o u  h a v e  e n o u g h  m a n ­
p o w e r  to  p u t  c re w s  o n  th e  T h o r s  a n d  th e  J u p i t e r s ? "

General White. " T h a t  is o n e  o f  th e  m a jo r  r e a s o n s  f o r  a s k in g  fo r  th e  
a d d i t io n a l  1 0 ,0 0 0 .”

Senator Saltonstall. " I f  y o u  p u t  o n  a d d i t i o n a l  m a n p o w e r  o n  th e  T h o r s  
a n d  th e  m iss ile s , h o w  w ill  y o u r  c re w s  b e  o n  th e  B -5 2 ’s a n d  B -4 7 ’s?”

General White. " Y o u  m e a n ,  a s  to . n u m b e r s ? ”
Senator Saltonstall. “ Y es.”
General White. " W e  e x p e c t  to  b e  a l l  r i g h t  a s  to  n u m b e r s .”
Senator Saltonstall. " W i l l  y o u  h a v e , w h a t ,  21/9—”
General White. " 1 .6  c re w  r a t i o  p e r  a i r c r a f t . ”
Senator Saltonstall. " O n  B -5 2 ’s?”
General White. " O n  a ll  s t r a te g ic  a i r c r a f t . ”
Senator Saltonstall. " W il l  t h a t  b e  e n o u g h  to  k e e p —”
General White. “ T h a t  is a ll  s t r a te g ic  b o m b e r s .”

*[ In  1956. For a rrport on USAF testimonv before this committee see "U .S. Air Power 
Today,•' .4,r Vmversity Quarlerly Review, VIII, 4 (Fali 1956), 60-78.1
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Senator Saltonstall. “ W i l l  t h a t  b e  e n o u g h  to  k e e p  y o u r  c rew s , to  k e e p  
s u ff ic ie n t c re w s  a le r t? ”

General White. “T h a t  is th e  r a t io  r e q u i r e d  in  o r d e r  to  k e e p  a l e r t . ” 
Senator Saltonstall. " A n d  h o w  m u c h  o f  y o u r  fo rc e  c a n  y o u  m a i n t a in  o n  

a l e r t  o r  k e e p  o n  a le r t ? ”
General White. “ T h a t  w o rk s  o u t  to  o n e  t h i r d  o f  th e  f o r c e .”
Senator Saltonstall. “ O n e  t h i r d  o f  th e  fo rc e ? ”
General White. “ . . . I t  is n o t  o n ly  a q u e s t io n  o f  p e r s o n n e l ,  b u t  y o u  

h a v e  to  h a v e  th e  a d e q u a t e  ru n w a y s , th e  ta x iw a y s , th e  a l e r t  s h e l te r s  a n d  th e  
g r o u n d  h a n d l i n g  e q u i p m e n t  a n d  th e  g ro u n c l  c re w s  to  k e e p  th e  a i r c r a f t  in  
c o m m is s io n , a n d  y o u  h a v e  to  h a v e  m o re  f ly in g  t im e  in  o r d e r  to  c o m p e n s a te  
f o r  th e  a i r c r a f t  th a t  a r e  k e p t  o n  th e  g r o u n d .”

Senator Saltonstall. “ A n d  i f  y o u  h a d  y o u r  o w n  w ay  100 p e r  c e n t ,  w o u ld  
y o u  h a v e  m o r e  o n  th e  a l e r t  t h a n  o n e  t h i r d ,  o r  is t h a t  e n o u g h ? ”

General White. “ I w o u ld  t h i n k  i t  w o u ld  b e  h ig h ly  a d v is a b le  to  h a v e  
m o re . I t  g e ts  e x c e e d in g ly  e x p e n s iv e  in  m a n p o w e r  a n d  in  a i r c r a f t .  Y o u  h a v e  
to  h a v e  m o re  a i r c r a f t ,  a n d  a  g r e a t  m a n y  m o re  c re w s .”

Senator Saltonstall. “ So t h a t  y o u  h a v e  a s k e d  f o r  10 ,000  m o r e  m e n ? ” 
General White. “Y e s .”
Senator Saltonstall. “ A n d  if  y o u  g e t  th o s e  10,000  m o r e  m e n  in  a l l  d if -  

f e r e n t  c a te g o r ie s ,  t h a t  w o u ld  c a r ry  y o u  in  a  s a t is f a c to ry  o r  o p t i m u m  w ay ? ” 
General White. “ I t  w o u ld  c a r ry  u s  o n  a  v e ry  a u s te r e  b a s is .”
Senator Saltonstall. “ O n  a  v e ry  a u s te r e  b a s is? ”
General White. “ T h a t  is c o r r e c t ,  s i r .”

. . .  new generation aircraft

I n  a  se n se  a ll  w e a p o n s  a r e  i n t e r i m  w e a p o n s .  A ll  w e a p o n s  in  th e  in v e n -  
to ry  in  q u a n t i t y  v e rg e  to w a r d  o b s o le s c e n c e  in  v ie w  o f  th o s e  u n d e r  d e v e lo p -  
m e n t .  B u t  th e  fig h t m u s t  b e  f o u g h t  w i th  th e  in v e n to r y ,  a n d  th e  o ld  a n d  th e  
n e w  m u s t  o v e r la p .  G e n e r a l  L e M a y  b r o u g h t  o u t  t h a t  s o m e  S A C  w in g s  a r e  
s t i l l  e q u i p p e d  w ith  th e  B -36. G e n e r a l  W h i t e  a g r e e d  t h a t  th e  B-47 w in g s  
a r e  lo s in g  th e i r  e f fe c tiv e n e s s  in  th e  fa c e  o f  i m p r o v e m e n ts  in  a i r c r a f t  a n d  
a i r  d e f e n s e .  T h e  603  p r o g r a m e d  B -5 2 ’s, b e t t e r  t h a n  6 0 0 -m p h  h e a v y  b o m b e rs ,  
a r e  n o t  y e t  a l l  o u t  o f  p r o d u c t i o n  a n d  i n t o  i n v e n to r y  f o r  “ i n t e r i m ”  m o d e r n i -  
z a t io n .  T h e  B-58, a  m é d iu m  b o m b e r  w ith  s p e e d  a p p r o x i m a t i n g  m a c h  2, is 
in  f in a l  t e s t in g  b u t  n o t  y e t  q u i t e  r e a d y  to  e n t e r  q u a n t i t y  p r o d u c t i o n .  M o re  
K C -1 3 5  t a n k e r s  w il l  b e  n e e d e d  f o r  th e  fu l l  B -52 fo rc e . A n d  lo o k in g  im - 
m e d ia te ly  a h e a d ,  p l a n n e r s  see  th e  s u p e r s o n ic ,  v e r y - h ig h - a l t i tu d e  X -15  r o c k e t  
p la n e ,  a f o r e r u n n e r  o f  th e  s p a c e c r a f t ,  a n d  th e  c h e m ic a l- fu e l  B -70 h y p e r s o n ic  
b o m b e r .  T h e  X -15  e x p e r i m e n t a l  p la n e  S e c re ta ry  D o u g la s  c h a r a c te r iz e d  as 
o n e  o f  th e  “ r a d ic a l ” U S A F  p r o je c ts :  “ I t  d o e s  in c lu d e  a m a n .  I t  h a s  a  g o o d  
m a n y  c h a r a c te r is t i c s  o f  th e  m is s ile , a n d  is a b le  to  r e a c h  a l t i t u d e s  o f  so m e- 
t h i n g  l ik e  a  h u n d r e d  m ile s . I t  h a s  a lm o s t  a ll  o f  th e  r e - e n tr y  p r o b le m s  o f  t h e  
b a l l i s t i c  m iss ile  a n d  u l t i m a t e  p r o b le m s  o f  r e t u r n i n g  i t .  a  s a te l l i t e ,  to  th e  
e a r t h  a f t e r  i t  h a s  b e e n  o n  o r b i t .
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" I t  r e a l ly  r e q u i r e s  a l l  th e  c h a r a c te r is t i c s  t h a t  o n e  w o u ld  f in d  in  a m a n n e d  
s a te l l i te  to  ta k e  c a re  o f  th e  m a n .  I t  d o e s  n o t  r e q u i r e  th e  p r o p u ls iv e  fo rc e .”

The Sputnik Acceleration—Programs Leading to the Missile Phase-in

M u c h  o f  th e  C o m m i t t e e ’s i n q u i r y  c e n t e r e d  o n  th e  a d e q u a c y  o f  th e  p o s t-  
S p u tn ik  s p e e d u p  o f  th e  U S A F  m is s ile  p r o g r a m .  T h e  t r e n d  o f  A ir  F o rc e  
te s tim o n y  c a lle d  f o r  a f a s te r  p a c e  a n d  a m p l i f i c a t io n  o f  f u n d s .

Senator Johnson. “ D o  th e  p r e s e n t  a u th o r iz e d  p la n s  f o r  th e  d e v e lo p m e n t  
o f  th e  T h o r ,  th e  A tla s ,  a n d  th e  T i t a n  r e p r e s e n t  th e  fa s te s t  r a t e  o f  p ro g re s s  
th a t  y o u  th in k  c a n  b e  m a d e ? ”

General Schriever. “ D o e s  y o u r  q u e s t i o n  a lso  i n c lu d e  t h e  o p e r a t i o n a l  
fo rc e  b u i l d u p ? ”

Senator Johnson. “ Y es.”
General Schriever. “ T h e  to ta l  p r o g r a m ? ”
Senator Johnson. “ Y es, s i r .”
General Schriever. " T h e  a n s w e r  to  t h a t  is n o .”
Senator Johnson. “ W o u ld  y o u  sp e c ify  s p e c if ic a l ly  in  w h a t  r e s p e c ts  y o u  

a r e  d is s a tis f ie d  w ith  e a c h  o f  th e m , if  t h a t  is so , f o r  th is  p e r m a n e n t  r e c o r d ? ” 
General Schriever. “ I n  th e  T h o r  p r o g r a m  w e  h a v e  c o m p le te  a u th o r i ty  

to  m o v e  as fa s t as w e  c a n  p o s s ib ly  m o v e  in s o f a r  a s  c o m p l e t i n g  th e  d e v e lo p ­
m e n t.

“ W e  h a v e  a m u c h  g r e a t e r  c a p a b i l i ty  in  b u i l d i n g  o r  p r o d u c in g  T h o r s  
a n d  b u i l d i n g  o p e r a t io n a l  u n i t s  f a s te r  a n d  g e t t i n g  d e p lo y e d  f a s t e r .”

Senator Johnson. " I f  t h e r e  is n o t h i n g  f u n d a m e n ta l ly  w r o n g  w i th  th e  
d e s ig n , s h o u ld  n o t  i t  b e  p o s s ib le  to  s te p  u p  th e  r a t e  o f  d e v e lo p m e n t  a  g r e a t  
d e a l  by  w o r k in g  f a s te r  a n d  lo n g e r  a n d  h a r d e r ,  a n d  i s n ’t t h a t  a d v is a b le  in  
th e  l ig h t  o f  th e  s i t u a t io n  as w e  k n o w  it  to  b e ? ”

General Schriever. “ W e  a r e  w o r k in g  as fa s t  r i g h t  n o w  as f a r  as  th e  d e ­
v e lo p m e n t  p r o g r a m  i ts e l f  is c o n c e r n e d ,  p u t t i n g  t o g e th e r  a l l  o f  th e  p ic c c s  t h a t  
a r e  in v o lv e d  in  th e  d e v e lo p m e n t .  T h e r e  is n o  r e s t r i c t i o n  o n  o v e r t im e  a t  th e  
p r e s e n t  t im e  o r  m u l t i s h i f t  o p e r a t i o n s . ”

• * # #
Senator Johnson. “ H a v e  y o u  g o t  a n y t h i n g  e ls e  y o u  w a n t  to  say  a b o u t  

th e  A tla s  a n d  th e  T i t a n ,  G e n e r a l ,  so  f a r  as  th e  p r e s e n t  a u th o r iz e d  p la n s  f o r  
d e v e lo p m e n t  a re  c o n c e rn e d ?

“ A re  y o u  m a k in g  th e  fa s te s t  r a t e  o f  p ro g re s s  t h a t  y o u  t h i n k  c a n  b e  m a d e  
a n d  s h o u ld  b e  m a d e ?

“ I w a n t  to  t ie  y o u  i n t o  th is  r e c o r d  fo r  h is to r y  to  see  w h a t  o u r  e x p e r t  
to ld  us o u g h t  to  b e  d o n e ,  a n d  if y o u  t h in k  m o r e  o u g h t  to  b e  d o n e ,  I th in k  
y o u  w ill  say  so .”

General Schriever. “ I n  th e  A tla s  p r o g r a m  th e  d e v e lo p m e n t  p h a s e  o f  i t  
w ith  a ll  o v e r t im e  r e s t r i c t io n s  n o w  r e m o v e d ,  . . . t h e r e  is a g r e e m e n t  I t h in k  
b e tw e e n  m y se lf  a n d  C o n v a i r  t h a t  w e  c a n n o t  a c c e le r a te  th e  d e v e lo p m e n t  
p ro g r a m .
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“ T h e r e  is a ls o  a g r e e m e n t  t h a t  w e  c a n  d o  m o re  in  te rm s  o f  p r o d u c t io n  
a n d  w e  c a n  g e t  m o re  u n i t s ,  m o re  g r o u p s  in  th e  sa m e  p e r io d .  . .

Senator Johnson. “ A n d  y o u r  v ie w  is t h a t  w e  s h o u ld ? ”
General Schriever. “ W e  s h o u ld  a t  le a s t—”
Senator Johnson. “ A n d  t h a t  w e  c a n ? ”
General Schriever. “ Y es.”
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# # # #
G e n e r a l  S c h r ie v e r  u n d e r s c o r e d  th e  i m p o r ta n c e  o f  b r i n g i n g  T i t a n  a lo n g .
Senator Saltonstall. “ M a y  I ask  a  q u e s t io n  o n  th e  T i t a n ?
“ T h e  e v id e n c e  w as t h a t  th e r e  wras n o  n e w  m o n e y  o r  n o  e x t r a  m o n e y  p u t  

in  fo r  th e  T i t a n ,  is t h a t  c o r r e c t? ”
General Schriever. “ T h a t  is c o r r e c t .”
Senator Saltonstall. " H o w  fa r  a lo n g  in  th e  d e v e lo p m e n t  s ta g e  a r e  y o u  

w i th  th e  T i t a n ? ”
General Schriever. “ T h e  T i t a n  is a b o u t  a  y e a r  b e h i n d  th e  A tla s . . .
Senator Saltonstall. “ In  y o u r  o p i n io n ,  G e n e r a l ,  is it m o re  v a lu a b le  to  

g o  f o r w a r d  f a s te r  w i th  th e  A tla s  in  th e  s ta g e  t h a t  it h a s  n o w  r e a c h e d  t h a n  
to  p e r h a p s  s p e e d  u p  th e  T i t a n ? ”

General Schriever. “ N o , s ir . I t h i n k  t h a t  y o u  h a v e  to  g o  b o t h  w ays.
“ I t h in k  t h a t  th e  A tla s  y o u  c a n  g e t  in to  o p e r a t io n a l  u n i t s  s o o n e r ,  . . .
“T h a t  a c tu a l ly  in c re a s e s  th e  n u m b e r  o f  s q u a d r o n s  as c o m p a r e d  to  th e  

p r e s e n t  p r o g r a m  . . . th e  T i t a n .  as G e n e r a l  W h i t e  p o in te d  o u t  y e s te rd a y , th e  
A ir  F o rc e  h a s  r e c o m m e n d e d  t h a t  in s te a d  o f  th e  . . . s q u a d r o n s  t h a t  a r e  
p r e s e n t ly  in  th e  p r o g r a m , t h a t  w e  g o  to . . .

Senator Saltonstall. “ I n  th e  T i t a n ? ”
General Schriever. “ I n  th e  T i t a n  in  th e  s a m e  t im e  p e r io d ,  a n d  th is  w e 

c a n  a ls o  d o .
“ T h e  T i t a n  s h o u ld  g o  b e c a u s e  it is b u i l t  a r o u n d  th e  h a r d  b a s e , a n d  I 

t h i n k  y o u  n e e d  to  ta k e  th e  c a lc u la te d  r is k  n o w , b e c a u s e  if  w e  d o  th is ,  w e 
h a v e  to  m a k e  th e  d e c is io n s  n o w  a n d  s e le c t  th e  s i te  lo c a t io n  a n d  in i t i a t e  o u r  
w h o le  c o n s t r u c t io n  p r o g r a m  b e c a u s e  th e  h a r d  b a s e  is a  c o n s id e r a b le  c o n - 
s t r u c t io n  p r o g r a m . . . .”

Senator Saltonstall. “ M a y  I a sk  y o u  th is :  f r o m  th e  p o i n t  o f  v ie w  o f  th e  
d e f e n s e  o f  th e  U n i t e d  S ta te s  a n d  th e  U n i t e d  S ta te s  s e c u r i ty ,  is i t  in  y o u r  
o p i n io n  n e c e ssa ry , lo o k in g  f o r w a r d  to  th e  lo n g  r a n g e  o f  1961 a n d  1962, t h a t  
w e  h a v e  b o th  th e  A tla s  a n d  th e  T i t a n  in  o p e r a t io n a l  s ta g e s? "

General Schriever. “ Y es, s ir , I t h i n k  so.
“ I n  th e  firs t p la c e  th e  T i t a n  is a  fo l lo w -o n , it is a  m o re  s o p h i s t ic a te d  

w e a p o n .  . . .
“ A lso  lo o k in g  i n t o  th e  s p a c e  a g e  a n d  a s t r o n a u t i c s  a g e , th e  T i t a n  is a 

b o o s te r  fo r  a s t r o n a u t i c s  d e v e lo p m e n t .  . . .”
Senator Saltonstall. “ So t h a t  th e  T i t a n  is v a lu a b le  n o t  o n ly  as a m is s i le  

fo r  d e f e n s e  p u r p o s e s  b u t  a lso  as a b o o s te r  fo r  s p a c e  p r o g r a m s ."
General Schriever. “ T h a t  is r i g h t . ”
Senator Saltonstall. “ S a te l l i te s ? ”
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General Schriever. " A n d  so  is th e  A tla s ."
L t. G e n e r a l  C la r e n c e  S. I r v i n e  p i n p o i n t e d  p r o g r a m  o b s ta c le s  in  th e  

T h o r - J u p i t e r  d u p l i c a t io n  a n d  p e r h a p s  in  o v e r r e g a r d  o f  th e  m is s ile  a s  a n  e n d  
in  i ts e l f  r a t h e r  th a n  a  w ay  s to p  to  y e t m o re  s o p h i s t ic a te d  w e a p o n s .

Mr. Weisl. “ N o w , G e n e r a l  I r v in e ,  w h a t  b o t t le n e c k s  c a n  y o u  te l l  th e  
c o m m it te e  a r e  p r e s e n t  w h ic h  im p e d e  o r  o b s t r u c t  th e  a c c e le r a t io n  o f  th e  d e -  
v e lo p m e n t  o f  b a l l is t ic  m iss ile s? "

General Irvine. “ A s I to ld  y o u , o n  th e  A tla s , th e  p r o g r a m ,  I th in k ,  is 
p r e t ty  w e ll o n  s c h e d u le .  T h e r e  i t  is r e a l ly  a  q u e s t io n ,  a t  th is  p o i n t ,  o f  t im e . 
M a y b e  w e  c o u ld  a c c e le r a te  i t  a l i t t l e  w i th  a  l i t t l e  m o re  m o n e y  in  k ey  sp o ts .

“T h e  r e a l  q u e s t io n  is h o w  m a n y  d o  w e  w a n t?  W c  n c c d  to  m a k e  t h a t  
d e c is io n  f a i r ly  so o n .

" I n  th e  case  o f  th e  T i t a n ,  t h e r e  w e  a r e  r u n n i n g  e s s e n t ia l ly  a d e v e lo p -  
m e n t  p r o g r a m . W e  a re  n o t  r e a d y  f o r  th e  p r o d u c t i o n  o r d e r  y e t. S in c e  t h a t  
is a  r e a l  b a c k u p  in  t h a t  i t  is c o n s id e r a b le  im p r o v e m e n t  o v e r  th e  A tla s , I 
t h in k  w e  w o u ld  b e  b e t t e r  o f f  i f  w e  a c c e le r a te d  t h a t  w e a p o n  sy s tem .

" A g a in ,  in  th e  c a se  o f  th e  e x i s t in g  T h o r  a n d  J ú p i t e r ,  th e r e  is a  q u e s t io n  
o f  g e t t in g  a u th o r i ty  fo r  s i te s  a n d  r e a l ly  m a k in g  a  d e t e r m i n a t i o n  o f  th e  u l t i -  
m a te  r e q u i r e m e n ts  t h a t  a r e  n e c e s sa ry . . . .”

Mr. Weisl. " Y o u  w e r e  n o t  c o n s u l t e d ,  e i t h e r ,  w e re  y o u ? "
General Irvine. “ N o , I w a s  n o t .
" H o w e v e r ,  I l e a r n e d  a b o u t  f if ty  y e a rs  a g o  f r o m  m y  S c o tc h  f a t h e r  h o w  

to  ta k e  o r d e r s  a n d  I h a v e  g o t  o r d e r s  a n d  a m  c a r r y in g  th e m  o u t .  . . .”
M r .  Weisl. " A re  th e r e  a n y  o t h e r  o b s ta c le s ? "
General Irvine. " I n  th e  m is s ile , th e  b a l l i s t i c  m is s ile  a r e a ,  I d o  n o t  t h in k  

t h a t  th e r e  is su ff ic ie n t a w a re n e s s ,  o u t s id e  o f  th e  lo n g - h a i r e d  ty p e s  l ik e  G e n e r a l  
P u t t  a n d  m y se lf , t h a t  th e  b a l l i s t i c  m is s ile  is o n ly  a s h o r t  s te p  in  th e  e v o lu -  
t io n  o f  a  w e a p o n  sy s te m ; t h a t  w e  fe e l o u t  o f  i t  c o m e s  th in g s  l ik e  a b a l l is t ic -  
a lly  b o o s te d  m a n n e d  m a c h in e ,  w h e th e r  th is  is m a d e  as a n  a i r p l a n e  to  n o t  
q u i t e  g o  in  o r b i t ,  o r  w h e th e r  i t  is a t r u e  o r b i t a l  ty p e  m a c h in e .

" T h e r e  is to o  m u c h  fe e l in g ,  I t h i n k ,  in  th e  p e o p le  in  th is  c o u n t r y  a n d  
in  G o v e r n m e n t ,  t h a t  w e  a r e  p e r h a p s  j u s t  a l i t t l e  b i t  c razy  w h e n  w e  ta lk  
a b o u t  th is  s o r t  o f  m a c h in e .  A n d  as f a r  as  I a m  c o n c e r n e d ,  I h a v e  b e e n  ac- 
c u s to m e d  to  th is , h a v in g  b e e n  in  e n g i n e e r i n g  a  l i t t l e  b i t ,  t h a t  I t h i n k  th is  
is a  v e ry  h ig h  c o m p l im e n t  w h e n  a  lo t  o f  p e o p le  in  th is  c o u n t r y  t h i n k  th e  
A ir  F o rc e  is t r y in g  to  g o  to o  f a r  a n d  to o  f a s t .”

Mr. Weisl. “ W e l l ,  a c c o r d in g  to  G e n e r a l  L e M a y , w e  n e i t h e r  h a v e  g o n e  
to o  f a r  n o r  to o  fa s t. D o  y o u  a g r e e  w i th  G e n e r a l  L e M a y ’s te s t im o n y ? ”

General Irvine. " I  d o .”

The Júpiter IRBM Weapon System Is Examined

T h e  u n q u a l i f ie d  o p i n io n  o f  A ir  F o rc e  m is s i le m e n  a n d  p r o d u c t i o n  e x p e r t s  
w as fo rc e fu l ly  e x p re s s e d . T h e  cost o f  p u t t i n g  tw o  m is s ile s  i n t o  p r o d u c t io n  
a n d  e s ta b l i s h in g  th e  w e a p o n  sy s te m s to  o p e r a t e  th e m  is ju s t i f ic d  o n ly  b y  th e  
in s u r a n c e  v a lu e  o f  d i f f e r e n t  d e s ig n s , b y  s e n d in g  th e  m e ssa g e  to  G a r c ia  o v e r
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tw o  d i f f e r e n t  ro u te s .  T h e  J ú p i t e r  in te r m e d ia te - r a n g e  b a l l is t i c  m iss ile  is s im ­
i l a r  in  c o n c e p t  a n d  d e s ig n  to  T h o r ,  u n l ik e  th e  p a i r i n g  o f  th e  q u i t e  d if f e r e n t  
d e s ig n s  o f  A tla s  a n d  T i t a n .  J ú p i t e r  p ro s p e c ts  a r e  a l r e a d y  a v a i la b le  in  T h o r .

Mr. Weisl. “ G e n e r a l  I r v in e ,  y o u  k n o w , o f  c o u rs e , a b o u t  th e  d e c is io n  to  
m a n u f a c tu r e  b o th  th e  T h o r  a n d  th e  J ú p i t e r ? ”

General Irvine. “ Y es, s i r .”
Mr. Weisl. " D o  y o u  t h in k  th e r e  is a n y  s u b s ta n t i a l  d i f f e r e n c e  f ro m  a n  

o p e r a t io n a l  s t a n d p o i n t  b e tw e e n  th e  T h o r  a n d  th e  J ú p i t e r ? ”
General Irvine. “ T h e y  a r e  a b o u t  as a l ik e  as th e  F o r d  a n d  th e  C h e v r o le t .” 
Mr. Weisl. " D o  y o u  t h in k  th e  J ú p i t e r  is th e  b a c k u p  f o r  th e  T h o r ? ” 
General Irvine. “ N o , n o t  to  a n y  r e a l  e n g in e e r in g  d e g re e .  T h e  law s o f  

n a t u r e  a r e  th e  s a m e  fo r  th e  A rm y  a n d  th e  A ir  F o rc e , a n d  th e y  h a v e  e q u a l ly  
s k i l le d  p e o p le  w o r k in g  o n  th e  jo b ,  e x c e p t  in  th is  a r e a  I t h i n k  th e  A ir  F o rc e  
g o t  s t a r t e d  s o o n e r  w ith  a  m o r e  t h o r o u g h  u n d e r s t a n d i n g  o f  w h a t  w e  a r e  try - 
in g  to  d o . A n d  t h a t  w as  n o t  ju s t  to  b u i ld  a m is s ile , b u t  to  b u i l d  a  w e a p o n  
sy s te m  w ith  a  c o m p le te  e n v i r o n m e n t  i n c lu d in g  th e  p e o p le ,  t h e  o p e r a t io n a l  
c o n c e p t ,  th e  f i t t in g  o f  th is  w e a p o n  sy s te m  i n t o  th e  o v e r -a l l  S A C  w a r  p la n ,  
th is  la s t  p r o b a b ly  b e in g  th e  m o s t  i m p o r t a n t  o f  a l l . ”

Mr. Weisl. “ H a s  th e  A ir  F o rc e  s u ff ic ie n t f a c i l i t ie s  to  m a n u f a c t u r e  as 
m a n y  T h o r s  as  c a n  p o s s ib ly  b e  n e e d e d  in  th e  fo re s e e a b le  f u t u r e ? ”

General Irvine. " W e  a r e  in  th e  in t e r e s t in g  p o s i t io n  o n  th i s  as  w e a r e  
in  m a n y  o t h e r  w e a p o n  sy s te m s  o f  b e in g  a b le  to  b u i l d  m o r e  th a n  w e  c o u ld  
ju s t i f y  to  m e e t  m i l i t a r y  r e q u i r e m e n ts  o r  t h a t  w e  t h i n k  th e  c o u n t r y  o u g h t  to  
b u y .”

Mr. Weisl. " S in c e  th e  A ir  F o rc e  w ill  b e  c h a r g e d  w ith  th e  r e s p o n s ib i l i ty  
o f  o p e r a t i n g  b o th  th e  T h o r  a n d  J ú p i t e r ,  d o  y o u  as a n  e x p e r t  fe e l  t h a t  y o u  
n e e d  b o th  th e  T h o r  a n d  th e  J ú p i t e r ? ”

General Irvine. " T h i s  is a q u e s t io n  o f  b u y in g  in s u r a n c e .  T h i s  to  m e  
is  th e  d if f e re n c e  b e tw e e n  th e  6 5 -y e a r-o ld  m a n  b u y i n g  in s u r a n c e  to  s e n d  h is  
k id  th r o u g h  sc h o o l o r  b u y in g  in s u r a n c e  o n  th e  c h i ld .  I m e a n  y o u  c a n  p a y  
a  h ig h  p r ic e  fo r  in s u r a n c e  if  y o u  b u y  th e  w r o n g  k in d .

“ I f  th i s  w e re  a  m is s ile  w h ic h  h a d  a n  a d v a n c e d  e n g in e ,  a n  a d v a n c e d  
a i r f r a m e —”

Mr. Weisl. " I f  y o u  w il l  p a r d o n  th e  i n t e r r u p t i o n  a n d  w il l  fo rg iv e  m e , 
d o e s  th is  h a v e  a n  a d v a n c e d  a i r f r a m e ?  D o e s  th is  h a v e  a  d i f f e r e n t  e n g in e ?  
D o e s  th i s  h a v e  a  d i f f e r e n t  p r o p u l s io n ? ”

General Irvine. " I t  h a s  th e  s a m e  e n g in e ,  a n  A ir  F o r c e - d e v e lo p e d  e n g in e  
a t  N o r th  A m e r ic a n ,  w i th  s o m e w h a t  d i f f e r e n t  i n s t a l l a t io n  d e v ic e s , b u t  re la -  
t iv e ly  th e  sa m e  i n s t a l l a t io n  p r o c e d u r e s ;  so  a c tu a l ly  th e  fa c ts  o f  l i f e  in  th is  
ca se  a r e  t h a t  th e  a c c e n t  o n  th e  d e v e lo p m e n t  o f  th e  J ú p i t e r  h a s  b e e n  to w a r d  
c le v e lo p in g  a m is s ile , n o t  a c o m p le te  w e a p o n  sy s tem . A n d  th is  is p e r fe c t ly  
u n d e r s t a n d a b l e ,  b e c a u s e  th e  p e o p le  w h o  a r e  w o r k in g  o n  it  d id  n o t  h a v e  
th e  e n t i r e  e n v i r o n m e n t  a n d  w e re  n o t  th e  p e o p le  t h a t  h a d  th e  p r o b lc m  o f  
s o lv in g  th e  e n t i r e  m i l i t a r y  p r o b le m .

“ T h e r e f o r e ,  th e  g r o u n d  e n v i r o n m e n t  a n d  th e  o p e r a t io n a l  c o n c e p t  a n d  
m a n y  o t h e r  th in g s  a r e  n o t —th e y  d o  n o t  c ju ite  fit. So t h a t  th is  to  m e —a n d  I
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t h in k  if  y o u  h a v e  g o t  so m e  F o rd s  c o m in g  o u t —th is  is l ik e  s t a r t i n g  so m e  
C h e v ro le ts , to o . T o  m e e t  o u r  r e q u i r e m e n ts  i t  is g o in g  to  b e  la te ,  c e r ta in ly  
a f t e r  th e  m id d le  o f  n e x t  y e a r , b e f o r e  a  m is s ile  t h a t  h a s  a l l  lh e  a p p a r e n t  r e ­
q u i r e m e n ts  in  it  to  m e e t  th e  A ir  F o rc e  m is s io n —”

Mr. Weisl. “ Y o u  a r e  t a lk in g  n o w  o f  a n  i n t e r m e d ia t e  m is s i le ? ”
General Irvine. "Y es, I a m  t a lk in g  a b o u t  th e  I R B M . I n  o t h e r  w o rd s , 

th e y  h a v e  b e e n  fly in g  p r o to ty p e  m is s ile s  a n d  th e  w o rk  t h a t  h a s  b e e n  d o n e  o n  
th e m  h a s  b e e n  fin e . T h e  d if fe re n c e  b e tw e e n  t h a t  a n d  th e  A ir  F o rc e  c o n c e p t  
is l ik e  o u r  f e e l in g  t h a t  n e w  a n d  m o d e r n  h ig h - p e r f o r m a n c e  a i r p l a n e s  w e  
b u i ld  o n  so -c a lle d  h a r d  to o l in g  a n d  w e  b u i ld  e n o u g h  o f  th e m  so w e h a v e  a 
p r o d u c t io n  r u n .

" T h e  T h o r ,  b u i l t  b y  D o u g la s  w i th  A ir  F o rc e  t h i n k i n g  b e h i n d  i t ,  w as 
b u i l t  o n  p r o d u c t io n  to o l in g .  So  if  y o u  g e t  a  g o o d  o n e ,  w e  a r e  in  a  p o s i t io n  to  
g o  a h e a d  a n d  b u i l d  a  lo t  o f  t h e m .”

Mr. Weisl. “ Y o u  h a v e  g o t  a  g o o d  o n e  in  y o u r  o p i n i o n  in  th e  T h o r ,  
h a v e  y o u  n o t? ”

General Irvine. “ Y es, s i r .”
Mr. Weisl. “ A n d  y o u  a re  in  a  p o s i t io n  to  b u i l d  a s  m a n y  o f  th e m  as th e  

A ir  F o rc e  c a n  p o s s ib ly  u se  in  th e  fo re s e e a b le  f u tu r e ? ”
General Iruine. “ M o r e .”
A n d  G e n e r a l  S c h r ie v e r ,  a n s w e r in g  a s s i s ta n t  c o u n s e l :
Mr. Vance. “ S p e a k in g  o f  b a c k u p s ,  d o  y o u  a g r e e  w i th  G e n e r a l  I r v i n e ’s 

te s t im o n y , as I u n d e r s t o o d  it, t h a t  T h o r  a n d  J ú p i t e r  a r e  n o t  n e c e s s a r i ly  b a c k ­
u p s  fo r  o n e  a n o t h e r ? ”

General Schriever. “ Y es, I a g r e e  t h a t  a t  th is  s ta g e  o f  th e  g a m e  I cio n o t  
th in k  t h a t  th e y  a r e  b a c k u p s  o f  th e  k in d  t h a t  tve s h o u ld  p a y  t h a t  m u c h  in - 
s u ra n c e  f o r .”

. . .  identical movability

Senator Flanders. “ A  f u n d a m e n ta l  d if f e r e n c e ,  as  I h a v e  o b s e r v e d  i t ,  b e ­
tw e e n  th e  tw o  is t h a t  o n e  is a t  le a s t  b e in g  u s e d  w ith  th e  f ix e d  l a u n c h i n g  
p la t f o r m , o r  is it ,  as i t  w as e x p l a i n e d  to  u s, m o v a b le  b u t  n o t  m o b i le  l a u n c h ­
in g  p la t f o r m . w h i le  th e  o t h e r  is i n t e n d e d  to  h a v e  a m o b i le  l a u n c h i n g  e q u ip -  
m e n t  m e c h a n is m .

“ N o w . is th e  A ir  F o rc e  s o ld  o n  th e  n o t i o n  o f  th e  f ix e d  p la t f o r m ? ”
General White. “ T h e  tw o  w e a p o n s ,  as  f a r  a s  m o b i l i ty —a n d  t h a t  is, I 

th in k , a n  o v e r s ta t e m e n t—m o v a b i l i ty ,  a r e  i d e n t i c a l ,  in  o u r  o p i n i o n ,  a n d  th e r e  
is n o  re a l  d if f e re n c e  b e tw e e n  th e  J ú p i t e r  a n d  T h o r  a s  f a r  a s  t h e i r  m o v a ­
b il i ty  is c o n c e r n e d .”

Senator Flanders. “ W e l l ,  w e  sa w  f ix e d —w e sa w  g r o u n d  in s t a l l a t io n s  o u t  
in  C a l i f ó r n ia  w h ic h  c e r ta in ly  w e re  n o t  m o b i l e .”

General White. " T h e y  c a n  b e , th o u g h .  T h e  s a m e  k in d  o f  a  l a u n c h i n g  
p la t f o r m  t h a t  o n e —o n  t ru c k s ,  a n d  so o n ,  c a n  b e  a p p l i e d  to  th e  o th e r .  T h e  
re a l k e y —”

Senator Flanders. " A p p a r e n t l y  i t  h a d  n o t  b e e n  d e v e lo p e d .  I d id  n o t
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k n o w  w h e th e r  y o u  h a d  a n y  f e e l in g  t h a t  th e r e  w as a  d e f in i te  r e a s o n  fo r  th e  
fix ed  p la t f o r m .”

General White. “ . . - E v e n  to  m o v e  th e m  e v e n  a  fe w  m ile s , th e y  h a v e  
to  g o  o v e r  ro a d s , a n d  th e  n a r r o w  s t a n d a r d  ro a d s  in  C o n t i n e n t a l  E u r o p e  a r e  
g o in g  to  fo rc e  a  t r e m e n d o u s  p r o b le m .

" I  c a n  o n ly  say  th e  A ir  F o rc e  h a s  a n  o p e n  m in d  u p o n  i t ,  a n d  a  g r e a t  
d e a l  o f  th e  d e t e r m i n a t i o n  w il l  b e  th e  d e s ir e s  o f  th e  n a t i o n  to  w h ic h  th e s e  
w il l  e v e n tu a U y  b e  t u r n e d  o v e r .  . .

Senator Flanders. ". . . N o w , th e  IC B M  is o f  n e c e s s ity  l a u n c h e d  f r o m  a  
fix ed  l a u n c h in g  s p o t .”

General White. “ Y es, s i r .”
Senator Flanders. “ I h a v e  n o t  h e a r d  o f  a n y b o d y  w h o  h a s  s u g g e s te d  m a k -  

in g  t h a t  m o b ile ,  h a v e  y o u ? ”
General White. “ Y es, s ir , t h a t  is r i g h t ,  s i r .”

. . . quick reaction time vs. movahility

Mr. Weisl. " G e n e r a l  I r v in e ,  y o u  u n d o u b te d ly  h a v e  e i t h e r  h e a r d  o f  o r  
r e a d  th e  te s t im o n y  o f  G e n e r a l  G a v in  a n d  G e n e r a l  M e d a r i s  to  th e  m o b i l i ty  
o f  th e  I R B M . D o  y o u  a g r e e  w ith  t h e i r  v ie w s  as to  m o b il i ty ?

" L e t  m e  p u t  i t  a n o t h e r  w ay . Y o u  d o  a g r e e  t h a t  m o b i l i ty  is d e s ir a b le ,  d o  
y o u  n o t? ”

General Irvine. “ W e  h a v e —t h a t  is r e a l ly  a  q u e s t i o n —w e h a d  a n  in sp e c -  
t io n  b y  o u r  S e c re ta ry  a n d  S e c re ta ry  B r u c k e r  f r o m  th e  A rm y  o u t  o n  th e  W e s t  
C o a s t, a  d e v e lo p m e n t  e n g i n e e r i n g  in s p e c t io n  o f  th e  g r o u n d  h a n d l i n g  e q u ip -  
m e n t  fo r  th e  T h o r .  A U  th e  e q u i p m e n t  w as in  p la c e . T h e  r e a l  m a te r ie l ,  n o t  
p ic tu r e s ,  n o t  id e a s , b u t  th e  m a te r ie l  t h a t  w o u ld  b e  u s e d  w as  se t u p  in  p la c e  
a n d  d e m o n s t r a te d .  A n d  th is  e q u i p m e n t  is o n  w h e e ls , a n d  w e  a r e  i n  a  
p o s i t io n  to  p u t  th is  s tu f f  o n  t ru c k s  a n d  d r iv e  i t  a r o u n d  th e  c o u n t r y  if  t h a t  
seem s l ik e  a  g o o d  id e a .

" H o w e v e r ,  w h e n  y o u  s t a r t  t a lk in g  a b o u t  t h a t  s o r t  o f  t h i n g  w h e re  y o u  
a re  g o in g  to  m o v e  a  t r a in  o f  150 o r  160 t ru c k s  a r o u n d  th e  c o u n t r y ,  I th in k  
so m e  p e o p le  o u g h t  to  ta k e  a  lo o k  a t  s o m e  W o r ld  W a r  I I  p ic tu r e s  o f  w h a t— 
I w as in  a  P -38  o u t f i t  a  l i t t l e  w h i le  m y s e lf—is a d e m o n s t r a t io n  o f  w h a t  y o u  
c o u ld  d o  to  a b u n c h  o f  t ru c k s  o n  th e  r o a d  w ith  a b u n c h  o f  f ig h te rs ,  a n d  th e  
R u s s ia n s  h a v e  lo ts  o f  f ig h te r s .”

Mr. Weisl. 'V o u  h e a r d  o r  r e a d  th e  te s t im o n y  o f  G e n e r a l  M e d a r is ,  I 
b e lie v e , w h o  sa id  t h a t  th is  e q u i p m e n t  is ju s t  as  ea sy  to  m o v e  as a n  8 - in c h  g u n .”

General Irvine. ” 1 h a v e  n e v e r  e x p e r i e n c e d  m o v in g  8 - in c h  g u n s ,  b u t  I 
th in k  th e  b e s t a n s w e r  to  t h a t  q u e s t io n  is, w e  d e s ig n  o u r  m a te r i e l  so  th a t  w e  
c a n  d r iv e  it a r o u n d  a n d  se t i t  u p  a n d  t e a r  i t  d o w n  a n d  m o v e  it. W e  h a v e  
five d if f e r e n t  p la n s  w h ic h  g o  f ro m  a  c o m p le te ly  m o b i le  s o lu t io n  to  w h e re  w e  
w o u ld  h a v e  a la rg e  n u m b e r  o f  s ite s , u n o c c u p ie d  s ite s , m a y b e  s o m e  w e  w o u ld  
n o t  u se  a t  a ll in  t im e  o f  p e a c e , th a t  w e  c o u ld  m o v e  to , h a v e  o u r  e q u i p m e n t  
so w e c o u ld  p la c e  a ll  o f  i t  o n  w h e e ls .

F ro m  th a t  th r o u g h  v a r io u s  g r a d a t io n s  to  a h a r d e n e d  s i te  w h e re  th e r e  
w o u ld  b e  n o th in g  fo r  th e  e n e m y  to  lo o k  a t  if  w e  d e c id e  to  b r i n g  i t  o u t ,  sh o v e  
th e  m iss ile  o n  a l a u n c h e r ,  a n d  s h o o t  it.
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“ So w e  h a v e  th o s e  five  d i f f e r e n t  v a r ia t io n s ,  a n d  w e  fe e l th e y  a r e  neces- 
sa ry , f ro m  r e la t iv e ly  th in ly  p o p u la t e d  a r e a s  w h e re  th e  d e p lo y m e n t  p la n s  c o u ld  
b e  c a r r i e d  o u t ,  to  h e a v ily  p o p u la t e d  a re a s  w h e re  so m e  p la c e s , a n y b o d y  w h o  
h a s  d r iv e n  a r o u n d  so m e  o f  th e  n a r r o w  r o a d s  in  E n g la n d ,  m o v in g  a  2 5 - to n  
t r u c k  a lo n g ,  i t  s o u n d s  a  l i t t l e  s p o r ty .

“ S h o u ld  w e  d e c id e  to  p u t  th is  e q u i p m e n t  in  a  p la c e  l ik e  A la s k a , th e r e  
i t  se e m s  s o r t  o f  s e n s ib le  to  d ig  i n . ”

# * # *
General Irvine. " I n  th e  A ir  F o rc e , w e  h a v e  s o m e  p r e t ty  b ig  c h u n k s  w e  

m o v e  a r o u n d ,  a n d  w e  t h i n k  w e  k n o w  s o m e th in g  a b o u t  th e m .
"A s I s a id  b e fo re ,  th e  law s o f  n a t u r e  a r e  th e  s a m e  f o r  e v e ry b o d y ;  w h e th e r  

i t  is a n  A rm y  t r u c k  o r  a n  A ir  F o rc e  t ru c k ,  i t  s in k s  in  th e  s a n d  ju s t  th e  sa m e .
“ I f  y o u  se t u p  a  h u n d r e d - th o u s a n d - p o u n d  m is s ile , w e  h a v e  th e  id e a  t h a t  

m a y b e  y o u  o u g h t  to  lay  o u t  a  l i t t l e  p ie c e  o f  c o n c r e te  a b o u t  20  f e e t  s q u a r e  
to  p u t  i t  o n .

" B u t  I w o u ld  l ik e  to  say  o n e  m o r e  t h i n g  a b o u t  th e  r e a l  f u n d a m e n ta l  
d if f e r e n c e  o f  o p i n io n  a b o u t  th e  h a n d l i n g  o f  th e s e  tw o  m iss ile s , th e  d if f e re n c e  
b e tw e e n  I r v in e  a n d  G a v in .

" G a v in  is t h i n k i n g  in  te r m s  o f  e q u i p m e n t ,  q u i t e  p r o p e r ly ,  to  c h a p e r o n  
a n  a rm y  in  th e  f ie ld , as a n  e x te n s io n  o f  a r t i l l e r y .  A n d  w i th  th is  c o n c e p t  th e r e  
is n o t h i n g  w r o n g  w i th  w h a t  h e  p ro p o s e s  to  d o .

‘‘O u r  p h i lo s o p h y  w ith  th e s e  m iss ile s , f r o m  th e  v e ry  b e g in n in g ,  w as to  
c r e a te  a n o t h e r  w e a p o n  sy s te m  w h ic h  w o u ld  f i t  i n t o  th e  S A C  w a r  p la n ;  a n d  
th e r e f o r e ,  a m o n g  o t h e r  th in g s ,  w e  w a n te d  fa s t  r e a c t io n ,  th e  a b i l i t y  to  s h o o t  
q u ic k ly ,  t h e  sa m e  as in  S A C  w e  w a n t  a n  a l e r t  sy s te m  to  g e t  t h e  a i r p l a n e s  in  
t h e  a i r  q u ic k ly ,  w h i le  th e  p e o p le  w h o  fly th e m  a r e  s t i l l  a l iv e ;  a n d  in  th e  case  
o f  th e  m iss ile s , w h i le  th e r e  is s t i l l  a  m a n  th e r e  to  p u s h  th e  b u t t o n .

" T h i s  is th e  r e a l  d i f f e r e n c e  in  p h i lo s o p h y .”

. . .  cost

S e n a to r  S y m in g to n  p o i n t e d  o u t  t h a t  “ th e  p r i n c i p a l  e x t r a  c o s t o f  p ro -  
d u c i n g  b o th  T h o r  a n d  J ú p i t e r ” h a d  b e e n  s t a te d  to  b e  th e  c o s t o f  “ c o n - 
t i n u a t i o n  o f  tw o  r e s e a r c h  a n d  d e v e lo p m e n t  p r o g r a m s  in s te a d  o f  o n e . D o  
y o u  a g r e e  w i th  t h a t ? ” h e  a s k e d  G e n e r a l  P u t t .

General Putt. “ N o , s i r .”
Senator Symington. " W h y  n o t? ”
General Putt. “ W e l l ,  in  a d d i t i o n  to  th e  a d d e d  c o s ts  o f  tw o  d e v e lo p m e n t  

p r o g r a m s ,  y o u  h a v e  th e  a d d i t i o n a l  c o s t o f  to o l in g  u p  a  d i f f e r e n t  l in e ,  p ro -  
d u c t io n  l in e ,  a s o m e w h a t  d i f f e r e n t  se t o f  g r o u n d  h a n d l i n g  e q u i p m e n t ,  th e  
t r a i n i n g  o f  p e o p le  in  a d d i t i o n a l —n o t  n e c e s s a r i ly  a d d i t i o n a l  sk ills , b u t  to  
h a n d le  d i f f e r e n t  sy s tem s.

“ T h e  n u m b e r  o f  p a r t s  a n d  p ie c e s  t h a t  g o  i n t o  y o u r  s u p p ly  sy s tem  a r e  
d o u b le d ,  w h ic h  is a h e a d a c h e  in  its e lf .

"S o  t h a t  I t h i n k  th e r e  is c o n s id e r a b ly  m o re  th a n  ju s t  th e  in c re a s e d  co s t 
o f  tw o  r e s e a rc h  a n d  d e v e lo p m e n t  p r o g r a m s .”

S e c re ta r y  D o u g la s  e s t im a te d  th e  e x t r a  c o s t o f  p r o c e e d in g  w ith  J ú p i t e r
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i n t o  o p e r a t i o n a l  u n i t s :  ‘‘I t h i n k  t h a t  i t  is r e a s o n a b le  to  say t h a t  if  w e  c o u ld  
p ro c e e d  a n d  w e re  ju s t i f ie d  fu l ly  in  p r o c e e d in g  w ith  T h o r  a t  th e  p r e s e n t  t im e  
w i th o u t  J ú p i t e r ,  th e  p r e s e n t  o p e r a t io n a l  p r o g r a m  c o u ld  b e  a c c o m p lis h e d  fo r  
p e r h a p s  as m u c h  as $ 2 0 0  m i l l io n ,  p e r h a p s  m o re , less t h a n  in  g o in g  a h e a d  to  
e q u ip  th e  p re s e n t ly  p l a n n e d  u n i t s  w i th  b o th  m iss ile s . A s th e  p r o g r a m  in -  
c re a se s  in  size, if i t  d o e s , th e  d if f e r e n c e  w ill  b e c o m e  r e la t iv e ly  s m a l le r ,  a t  le a s t 
in  r e l a t io n  to  th e  w h o le  p r o g r a m .”

AIR UNIVERSITY QUARTERLY REVIEW

Air Force IJses Broad Resources
To Pair Development and Production Planning

Q u e s t io n in g  o f  G e n e r a l  S c h r ie v e r  b r o u g h t  o u t  th e  A ir  F o rc e  c o n c e p t  o f  
w e a p o n  d e v e lo p m e n t .  D e s ig n - d e v e lo p m e n t  c o n t r a c t s  le t  to  a c h ie v e  p e r ­
f o r m a n c e  s p e c if ic a t io n s  c r e a te  a  d e v e lo p m e n t - p r o d u c t io n  te a m  o f  e x p e r i e n c e d  
i n d u s t r i a l  o r g a n iz a t io n s  w i th  r e g a r d  to  e a c h  o f  th e  c o m p o n e n t  sy s tem s  o f a 
m iss ile . S o lu t io n  o f  to o l in g  a n d  p r o d u c t i o n  p r o b le m s  is a n  in t e g r a l  p a r t  o f  
d e s ig n  d e v e lo p m e n t .  T e s t i n g  p u t s  p r o d u c t i o n  fa c i l i t ie s  in  b e in g  to  m a n u -  
f a c tu r e  th e  te s t  m iss ile s  a n d  r e a d ie s  th e m  f o r  q u a n t i t y  p r o d u c t io n .  O v e r -a l l  
d i r e c t io n  is p r o v id e d  b y  a c o n t r a c t  sy s te m s  m a n a g e r  u n d e r  c lo se  te c h n ic a l  
s u p e r v i s io n  by  th e  A ir  F o rc e  B a ll is t ic  M is s ile  D iv is io n  h e a d e d  b y  G e n e r a l  
S c h r ie v e r .  I n  th is  r e g a r d  S e n a to r  B u s h  b r o u g h t  u p  th e  m u c h - p u b l ic iz e d  
G e r m a n  s c ie n t is ts  a t  th e  A r m y ’s R e d s to n e  A rs e n a l ,  w h o  h a v e  d o n e  th e  re -  
s e a rc h  w o rk  o n  th e  A rm y ’s R e d s to n e  a n d  J ú p i t e r  m iss ile s . G e n e r a l  S c h r ie v e r  
w as  i n v i te d  to  c o m m e n t  o n  th e  “ a r s e n a l ” sy s te m  o f  w e a p o n  d e v e lo p m e n t  as 
c o n t r a s t e d  to  th e  U S A F  c o n c e p t .

Senator Bush. “ J u s t  as I w as v e ry  m u c h  im p re s s e d  a t  y o u r  e s ta b l is h m e n t  
w h e n  w e  p a id  a v is i t  to  y o u  r e c e n t ly ,  so  I w as v e ry  m u c h  im p re s s e d  a t  R e d ­
s to n e  b y  th e  p e o p le  w e  m e t  th e r e  a n d  th e  o p e r a t io n s  w h ic h  wre v ie w e d  a n d  
I a m  s u r e  y o u  m u s t  a g r e e  t h e r e  a r e  w o n d e r f u l  p e o p le  dow rn  th e r e  a n d  th e y  
h a v e  d o n e  so m e  w o n d e r f u l  th in g s  ju s t  a s  y o u  h a v e ,  to o .

“ O u t s t a n d in g ,  I s u p p o s e ,  is th is  g r o u p  o f  G e r m a n  s c ie n t is ts  h e a d e d  b y  
D r. v o n  B r a u n  w h o  te s t i f ie d  u p  h e re ,  a n d  w h e n  o n e  sees a n  o r g a n iz a t io n  l ik e  
th a t ,  h e r e  is a m a n  w h o  h a s  a  te a m  w h ic h  h a s  b e e n  e n g a g e d  in  ro c k e t  re - 
s e a rc h  a n d  d e v e lo p m e n t  fo r  tw e n ty  y e a rs  o r  c lo se  to  i t ,  I j u s t  w o n d e r  w h e th e r  
w e  a r e  m a k in g  a l l  th e  u se , g e t t i n g  a l l  th e  u se  a n d  v a lu e  o u t  o f  t h a t  k in d  o f  
a  te a m  a n d  th a t  k in d  o f  a p la n  w ith  h is  te a m , so  to  s p e a k , t h a t  wre s h o u ld ,  in  
th i s  v e ry  i m p o r t a m  w o rk  t h a t  is ju s t  g o in g  o n  in  th is  c o u n tr y .  . . .

“ I d o n ’t w a n t  to  e m b a r r a s s  y o u  b y  a s k in g  y o u  to  a n s w e r  a n y  q u e s t io n  
t h a t  y o u  d o n ’t t h i n k  is a p p r o p r i a t e  a n d  I w o n ’t in s is t  o n  a n y  a n s w e r  f ro m  
y o u  o n  th is  b u t  I w o n d e r e d  w h e t h e r  y o u  w o u ld  c a re  to  m a k e  a n y  o b s e rv a -  
t io n  f ro m  y o u r  o w n  e x p e r ie n c e  a n d  c o n ta c t  w i th  th e  V o n  B r a u n  g r o u p ,  a n d  
th e  A rm y  a r s e n a l  w o rk  d o w n  th e r e  a s to  w h e th e r  a  g o o d  d e a l  m o re  v a lu e  
c o u ld  n o t  b e  g o t t e n  o u t  o f  th e m  a t  a l l  le v e is  o f  r e s e a r c h  a n d  d e v e lo p m e n t  in  
th e  r o c k e t  f ie ld  o r  n o t ,  o r  d o  y o u  h a v e  a n y  g e n e r a l  c o m m e n t  to  m a k e  in  
c o n n e c t io n  w ith  th is  b r o a d  q u e s t io n ? ”

General Schriever. " W e l l ,  f irs t o f  a l l ,  1 w o u ld  c e r ta in ly  a g r e e  t h a t  th e y  
h a v e  a  v e ry  c o m p e te n t  g r o u p  o f  p e o p le  th e re .
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“ I  th in k  t h a t  th e  fa c t  t h a t  th e y  h a v e  a  v e ry  c o m p e te m  g r o u p  th e r e ,  h o w - 
ev e r, is s o r t  o f  a n  a c c id e n t .

‘•In  o th e r  w o rd s , I d o n 't  g o  a lo n g  w ith  th e  a r s e n a l  p h i lo s o p h y  o f  d o in g  
d e v e lo p m e n t  a n d  th e n  t u r n i n g  i t  o v e r  to  in d u s t r y  f o r  p r o d u c t io n .

“ I  th in k  th e  A ir  F o rc e  p h i lo s o p h y  o f  h a v in g  i n d u s t r y  d o  d e v e lo p m e n t  
a n d  h a v in g  th e  c a p a b i l i ty  o f  p l a n n i n g  f o r  p r o d u c t i o n  s im u l ta n e o u s ly  is a 
m u c h  b e t t e r  w ay  o f  d o in g  it.

‘‘T h e  A ir  F o rc e  h a d  q u i t e  a n u m b e r  o f  G e r m a n  s c ie n t is ts  r i g h t  a f t e r  th e  
w a r  a t  W r ig h t  F ie ld ,  a n d  m a d e , d e l ib e r a te ly ,  th e  d e c is io n  n o t  to  try  to  r e t a i n  
th a t  g r o u p  o f  s c ie n t is ts  as  a  g r o u p ,  s im i la r  to  w h a t  th e y  h a v e  d o n e  a t  R e d -  
s to n e , a n d  th e y  h a v e  b e e n ,  m o s t  o f  th e m  h a v e  g o n e  i n t o  A m e r ic a n  in d u s t r y  
a n d  a  lo t  o f  th e m  a r e  in  in d u s t r y  to d a y ;  th e y  a r e  a t  C o n v a i r ,  th e y  a r e  a t  
B e ll, a n d  a  n u m b e r  o f  o t h e r  c o m p a n ie s ,  a n d  a l t h o u g h  th is  is a  m a t t e r  o f  
o p in io n ,  m y  f e e l in g  is t h a t  th e s e  p e o p le  d i s t r i b u t e d  to  A m e r ic a n  in d u s t r y ,  
a re  d o in g  e q u a l ly  as g o o d  a j o b  f o r  th e  U n i t e d  S ta te s .  . . .

“ I  d o n ’t  w a n t  to  ta k e  a n y  c r e d i t  a w a y  f r o m  th e  g r o u p  o f  p e o p le  th e r e  
[ a t  R e d s t o n e ] .  . .

Senator Bush. . . I n  o t h e r  w o rd s  y o u  d o n ’t  fe e l t h a t  w e  a re  h a n d i -  
c a p p in g  o u rs e lv e s  as a  d e f e n s e  o r g a n iz a t io n  b y  n o t  m a k in g  b r o a d e r  u se  o f  
th e  ta le n ts  o f  t h e  V o n  B r a u n  g r o u p .”

General Schriever. " W e l l ,  I  t h i n k ,  a s  I  say  I t h i n k  th e y  a r e  b e in g  u s e d  
w e ll u p  to  th e  h i l t  n o w .”

Senator Bush. “ Y es, a n d  y o u  d o n ’t fe e l  t h a t  t h e r e  is a  v e ry  m u c h  
b r o a d e r  f ie ld  in  w h ic h  th e y —to  w h ic h  t h e i r  t a l e n t s  m ig h t  b e  a p p l i e d  w h ic h  
w o u ld  b e  th e  o v e r -a l l  f ie ld  to  a ffe c t n o t  o n ly  th e  A rm y  b u t  th e  N a v y  a n d  th e  
A ir  F o rc e  to o  in  th e  f ie ld  o f  m iss ile s .

“ A re  y o u  g e t t i n g  as m u c h  b e n e f i t  as  y o u  t h i n k  y o u  a r e  e n t i t l e d  to  f r o m  
th e m  o r  t h a t  y o u  c a n  u se  e f fe c tiv e ly ? ”

General Schriever. “ W e l l ,  I t h i n k  y o u  h a v e  to  p u t  i t  th is  w ay : th e  g r o u p  
is in  e x is te n c e , i t  is a g o o d  g r o u p ,  so  t h a t  is a  f a c t .”

Senator Bush. “ Y es.”
General Schriever. “ A n d  as f a r  as  w h e t h e r  m y  o r g a n iz a t io n  o r  th e  A ir  

F o rc e  is g e t t in g  a s  m u c h  u se  o u t  o f  th e m  as w e  c o u ld ,  I  t h i n k  w e  a re  g e t t i n g  
as m u c h  b e n e f i t  f ro m  w h a t  th e y  a r e  d o in g  as is p o s s ib le ,  as lo n g  as th e y  a r e  
a n  a g e n c y  u n d e r  th e  c o n t r o l  o f  a n o t h e r  o r g a n i z a t io n .”

Senator Bush. “ O h ,  y es .”
General Schriever. " N o w  w e g e t  c o m p le te  i n f o r m a t i o n  o n  th e i r  te c h - 

n ic a l  p ro g re ss .
“ W e  h a v e  a  l ia is o n  office th e r e  a n d  w e  g e t  a l l  i n f o r m a t i o n  as to  w h a t  

th ey  a r e  d o in g  t e c h n ic a l ly .”
Senator Saltonstall. “ Is  t h a t  m u t u a l ? ”
General Schriever. “ Y es, I h a v e  a  c o u p le  o f  t h e i r  o fficers r i g h t  s t a t i o n e d  

w ith  m e  a n d  th e y  g e t  a ll  o f  o u r  r e p o r t s . ”
Senator Bush. “ P e r h a p s  w h a t  I a m  g e t t i n g  a t  is th is  q u e s t io n ,  as  to  

w h e th e r  w e c o u ld  h a v e  a  c lo s e r  u n i f ic a t io n  o f  e f fo r t  in  th e  m is s ile  f ie ld  th a n  
w e h a v e  r ig h t  n o w , a n d  t h a t  w e  h a v e  h a d  in  th e  r e c e n t  y e a rs . I t  is a d if f ic u l t  
q u e s t io n ,  I k n o w .”
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General Schriever. “ Y es, i t  is a  d i f ík u l t  q u e s t io n  to  a n s w e r  b e c a u se  f u n d a -  
m e n ta l ly ,  I h a v e , as  I h a v e  sa id , I fe e l t h a t  as  a c o u n tr y ,  w e  a r e  b e t t e r  off 
by  g o in g  to  in d u s t r y  fo r  o u r  d e v e lo p m e n t .  I d o n ’t t h i n k  w e s h o u ld  h a v e  
G o v e r n m e n ta l  a g e n c ie s  c a r r y in g  o u t  d e v e lo p m e n t  in  th e  m a n n e r  t h a t  R e d -  
s to n e  d o e s .

“ I d o n ’t m e a n  to  say  w e s h o u ld  n o t  te s t  a n d  e v a lu a te  t h e m .”
Senator Bush. “ I m e a n  r ig h t  u p  to  th e  p o i n t  w h e re  i t  is te s te d  a n d  

m a n u f a c t u r e d .”
General Schriever. “ T h e y  a c tu a l ly  a s s e m b le  a n d  t e s t—th e y  g e t  th e  

e n g in e s  f ro m  N o r t h  A m e r ic a n ,  th e y  g e t  t h e i r  g u ic la n c e  f r o m  F o r d  I n s t r u m e n t  
C o m p a n y ,  w h ic h  is p a r t  o f  S p e r ry , b u t  th e y  d o  a l l  o f  th e  d e t a i l e d  e n g in e e r in g ,  
o f  a s s e m b lin g  th e  to ta l  m iss ile , a n d  th e y  a c tu a l ly  c a r ry  o u t  th e  te s t  f ir in g s , 
th e y  p r e p a r e  th e  o v e r-a l l  d r a w in g s  a n d  s p e c if ic a t io n s  a n d  f in a lly  t u r n  th e m  
o v e r  to  a  c o m p a n y  say  l ik e  C h r y s le r  to  d o  th e  f in a l a s s e m b lin g  a n d  p ro d u c -  
t i o n . ”

Senator Bush. “ T h e r e  a p p e a r s  to  b e  a  d if f e r e n c e  o f  o p i n i o n  b e tw e e n  
y o u rs , l e t ’s say , a n d  G e n e r a l  M e d a r is ? ”

General Schriever. “ T h a t  is r ig h t ,  th e r e  is .”
Senator Bush. “ A s to  th e  e c o n o m ic  p h i lo s o p h y  o r  th e  e ffic ien cy  o f  th e s e  

r e s p e c t iv e  a p p r o a c h e s .  H e  a p p e a r s  to  b e  q u i t e  as c o n v in c e d  t h a t  th e i r s  is 
b e t t e r  a s  y o u  a r e  t h a t  y o u rs  is b e t t e r ;  t h a t  is v e ry  in te r e s t in g ,  a n d  I a m  s u r e  
y o u  a n d  h e  m u s t  k n o w  t h a t  y o u  d if f e r  o n  t h a t . ”

General Schriever. “ O h ,  yes. H e  k n o w s  w h a t  I t h i n k  a n d  I k n o w  w h a t  
h e  t h i n k s .”

Senator Bush. “ Y es. W e ll ,  t h a t  is p r e t ty  d if f ic u lt  f o r  a n  a m a te u r  to  g e t  
i n t o  i t  a n d  d e c id e  w h o  is r i g h t . ”

Senator Saltonstall. “ W o u ld  th e  S e n a to r  y ie ld  o n  t h a t ? ”
Senator Bush. “ J u s t  fo r  a  q u e s t i o n .”
Senator Saltonstall. “ Is t h a t  n o t  b a s e d , G e n e r a l  S c h r ie v e r ,  o n  h is to ry ,  

th e  A rm y  is th e  o ld e s t  in  e x is te n c e ,  th e y  h a d  to  b u i l d  t h e i r  r if le s  a n d  e v e ry -  
t h i n g  e lse  in  a r s e n a is ,  so  th e y  a d o p te d  th e  a r s e n a l  th e o ry .

“ Y o u  fellcrw s c a rn e  a lo n g  l a t e r  w ith  th e  a i r p l a n e s  a n d  y o u  a d o p te d  th e  
in d u s t r y  th e o r y .”

General Schriever. "Y es. In  th e  e a r ly  d a y s  it  a c tu a l ly  w as t r i e d ,  th e  b u s i-  
n e s s  o f  b u i l d i n g  a i r p l a n e s  in  th e  g o v e r n m e n t  a r s e n a l  ty p e  o f  a r r a n g e m e n t ,  
a n d  i t  d id  n o t  w o rk  v e ry  w e ll, a n d  y o u  c a n  g e t  a ll  k in d s  o f  p ro s  a n d  c o n s  o n  
th is , b u t  I t h in k  t h a t  p h i lo s o p h ic a l ly  it is t r u e  t h a t  r e g a r d le s s  o f  p a r ty ,  th e  
p o l ic y  o f  th is  c o u n t r y  is to  h a v e  p r iv a t e  e n t e r p r i s e  d o  th e  j o b  fo r  th e  g o v e r n ­
m e n t  in s te a d  o f  h a v in g  th e  g o v e r n m e n t  d o  th e  jo b ;  a n d  I t h i n k  if p r i v a t e  
e n t e r p r i s e  c a n  d o  it,  a n d  I t h in k  th e y  c a n ,  in  th e  ca se  o f  d e v e lo p in g  th e s e  
w e a p o n s ,  th e n  w e  o u g h t  to  t e n d  to  t h a t  d i r e c t i o n .”

AIR UNIVERSITY QU A R T E R L Y  REVIEW

Application of Air Force Missiles to Space Operations

M o s t s ig n i f ic a m  o f  a ll  th e  fa c ts  e m e r g in g  f ro m  th e  h u n d r e d s  o f  t h o u s a n d s  
o f  w o rd s  o f  t e s t im o n y  h e a r d  by  th e  J o h n s o n  C o m m i t te e  w as th e  r e a d in e s s ,
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n o w , o f  th e  A i r  F o rc e  to  b e g in  m a j o r  s p a c e  o p e r a t io n s .  T h e  r e c o n n a i s s a n c e  
o f  l u n a r  a n d  i n t e r p l a n e t a r y  s p a c e  is p o s s ib le  w i th  th e  A i r  F o r c e  m is s i le  p o w e r  
n o w  in  e x is te n c e ,  w i t h  T h o r ,  A tla s ,  a n d  T i t a n .  A d d e d  to  t h e  m a n n e d  s p a c e  
e x p e r im e n ts  n o w  b e g i n n i n g  w i th  th e  X -1 5  r o c k e t  p l a n e  a n d  to  lo n g - s t a n d in g  
A ir  F o rc e  r e s e a r c h  in  th e  p h y s io lo g y  o f  s p a c e  t r a v e i  w e r e  c a p a b i l i t i e s  f o r  th e  
a t t a i n m e n t  o f  th e  m o o n  w i t h i n  m o n th s ,  th e  d i s p a t c h  o f  r e c o n n a i s s a n c e  p r o b e s  
to  V e n u s  a n d  to  M a rs ,  a n d  m a n n e d  f l ig h t  a r o u n d  th e  m o o n  a n d  b a c k  to  
E a r th .  T h e s e  v e n t u r e s  b e c a m e , u n d e r  t h e  w e ig h e d  t e s t im o n y  o f  A i r  F o r c e  
le a d e rs ,  v e n tu r e s  o f  t o d a y ’s d e v ic e s  a n d  to d a y ’s w 'o rk . I n v o l v e d  is c o n t r o l  
o f  sp a c e .

. . . control of outer space

Senator Johnson. “ N o w  wTo u l d  y o u  g iv e  th e  c o m m i t t e e  w h a t  th in g s  y o u  
b e l ie v e  a r e  e s s e n t ia l  to  c o n t r o l  o u t e r  s p a c e ? ”

General White. “ W e l l ,  I  t h i n k  th e  n u m b e r  o n e  t h i n g  is to  g e t  s o m e  
th in g s  in  o u t e r  s p a c e , s ir .

“ T h e  f irs t  t h i n g  y o u  h a v e  to  h a v e  is t h e  m e a n s  f o r  f i r in g  o b je c t s  i n t o  
sp a c e .

“ O n e  o f  t h e  m o s t  i m p o r t a n t ,  I say , p r o j e c to r s  in  th i s  c a se  in  t h a t  f ie ld  
is th e  T i t a n ,  a n d  t h a t  is  o n e  o f  t h e  r e a s o n s  n o t  o n ly  b e c a u s e  o f  its  o p e r a t i o n a l  
v a lu e  to  th e  b a l l i s t i c  m is s i le  i n v e n t o r y  b u t  b e c a u s e  o f  t h e  f u t u r e  g r o w t h  in  
t h a t  b o o s te r  f o r  o u t e r  s p a c e  p r o j e c t i o n ,  I a m  a n x i o u s  to  h a v e  th e  T i t a n  
e x p e d i t e d .  I t  is a m o r e  s o p h i s t i c a te d  b o o s t e r  t h a n  th e  A tla s .  I t  is a  m o r e  
r ig id  c o n s t r u c t io n ,  a n d  is th e  p r i m e  v e h ic le  in  th e  h a n d s  o f  th e  U n i t e d  
S ta te s  to d a y  f o r  g e t t i n g  la r g e  v e h i d e s  a n d  a p p a r a t u s  i n t o  o u t e r  sp a c e .

“ Y o u  h a v e  to  s t a r t  w i th  th e  b o o s t e r  a n d  in  m y  o p i n i o n  th e  T i t a n  is j u s t  
o v e r  t h e  h o r iz o n  in  t h a t  f i e ld .”

*  *  *  *

Senator Johnson. “ D o  y o u  w a n t  to  g o  a h e a d  a n d  d is c u s s  s o m e  o t h e r  
th in g s ? ”

General White. “ T h e  h u m a n  f a c to r s ,  i f  y o u  w a n t  to  g e t  a m a n  i n t o  s p a c e , 
w e  c e r ta in ly  d o  t h a t ,  a n d  w e  h a v e  d o n e  a  g r e a t  m a n y  e x p e r i m e n t s  in  
th e  A i r  F o rc e  w i th  t h a t  s o r t  o f  t h i n g .  W e  h a v e  s p a c e  s u i ts  a c tu a l ly  d e v e lo p e d  
to  e n a b le  a m a n  a c tu a l ly  to  li v e  in  g e t t i n g  to  a n d  f r o m  th e  m o o n .

“ W e  w ill u n d o u b t e d l y  h a v e  to  d e v e lo p  a l l  s o r ts  o f  C o m m u n ic a t io n s  
e q u ip m e n t ,  g u i d a n c e  e q u i p m e n t .

“ I a c tu a l ly  fo re s e e  th e  u se  o f  w e a p o n s  in  s p a c e ,  b o t h  o n  o f fe n s iv e  a n d  
d e fe n s iv e .

“ I c a n  im a g in e  a  s a t e l l i t e  b e i n g  a m is s i le  l a u n c h i n g  p l a t f o r m .  I t  is p o s ­
s ib le  to  p u t  o n e  o f  th o s e  th in g s  in  s p a c e ,  a n d  h a v e  i t  g o  o v e r  a n y  g iv e n  s p o t  
o n  e a r t h  a n d  a t  a g iv e n  s ig n a l ,  a n d  m i n d  y o u  o f  c o u r s e  th i s  is n o t  a s im p le  
p r o p o s i t i o n  b u t  I a m  to ld  t h a t  i t  is p o s s ib le ,  h a v e  t h a t  f ire  a  m is s i le  a t  a  
g iv e n  p o i n t  o n  th e  e a r t h ,  a c e r t a i n  c ity ,  f o r  e x a m p le .

I t h in k  t h a t  if  t h a t  is p o s s ib le ,  t h a t  c o n c o m i t a n t l y  t h e r e  s h o u ld  b e  d e ­
v e lo p e d  a  d e f e n s e  a g a in s t  t h a t  k i n d  o f  a  s a t e l l i t e .
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“ T h e  r e c o n n a is s a n c e  is o n e  o f  t h e —p r o b a b ly  o n e  o f  th e  e a r l i e r  d e v e lo p -  
m e n ts  t h a t  w ill  ta k e  p la c e .

“ Y o u  w ill  h a v e  a  v e h ic le  t h a t  w ill  m a p  e n o r m o u s  a re a s  o f  th e  e a r th  
f r e q u e n t ly  a n d  p e r h a p s  by  te le v is io n  a n d  o th e r  m e a n s  g e t  th e  a c tu a l  p h o to -  
g r a p h s  d o w n  o n  e a r th .

“Another way to do observation would be to put a vehicle in space 
which would be motionless with respect to the eartlVs surface, because if you 
fired high enough, and under certain conditions, the speed of that vehicle at 
the greater radius from the center of the earth can be made to equal the rate 
of rotation of the earth so in effect it relatively—relative to the eartlVs rotation 
it is stationary, and that can be used for many things, for observation of all 
the earth wdthin the range, sight range of that particular vehicle, for Com-
munications purposes, and so on.

“ I think you can even go on further, and I think it is within the realm 
of possibility that we can reach the moon within a very short time, by 
relatively short, two, three, four years.

“ I  t h i n k  i t  is p o s s ib le  t h a t  m a n  c a n  g o  th e r e .  I a m  to ld ,  a n d  I c e r-  
t a in ly  h a v e  n o  p e r s o n a l  k n o w le d g e  o r  h a v e  a n y  p e r s o n a l  e x p e r tn e s s  in  th e  
m a t t e r ,  t h a t  b y  v a r io u s  c o m b in a t io n s  o f  s ta g e s  w i th  b o o s te r s  s u c h  as t h a t  o f  
th e  T i t a n  i t  w o u ld  b e  p o s s ib le  to  a c tu a l ly  r e a c h  o n e  o f  th e  o t h e r  p la n e t s  in  
o u r  s o la r  sy s tem .

# # * #
“ W e  h a v e  d o n e  a g r e a t  m a n y  d e v e lo p m e n ts  in  th is  a r e a .
" T h e  T i t a n  i ts e lf ,  th e  r o c k e t  e n g in e s  fo r  p r a c t i c a l ly  a ll  o f  th e  b a l l is t ic  

m is s ile s  a r e  A ir  F o rc e  e n g in e s .
“ W e  h a v e  s e n t  m a n y  in s t r u m e n ts  i n t o  th e  h ig h  a l t i t u d e s  to  s tu d y  c o sm ic  

ra y s , t e m p e r a tu r e s .  W e  h a v e  s e n t  p e o p le  in  b a l lo o n s  to  v e ry  h ig h  a l t i tu d e s  
to  l e a r n  a l l  w e  c a n  a b o u t  th e  r e a c t io n  o f  th e  o u t e r  s p a c e , as n e a r  as w e c a n  
r e a c h  i t ,  o n  th e  h u m a n  b o d y . T h e r e  a r e  j u s t  a n  e n o r m o u s  n u m b e r  o f  su c h  
e x p e r i m e n t s  w e  h a v e  d o n e ,  s i r .”

. . . an extension of Air Force mission

Senator Johnson. “ I wra n t  to  a sk  y o u , w h a t  a b o u t  th e  A ir  F o rc e  ro le  o f  
p u t t i n g  th e  A ir  F o rc e  i n t o  o u t e r  s p a c e ? ”

General Schriever. " W e l l ,  m y  f e e l in g  is th is :  t h a t  f ro m  a m is s io n  p o i n t  
o f  v ie w , t h e r e  is a  g r e a t  s im i la r i ty  in  o p e r a t i n g  in  th e  a i r ,  in  th e  a tm o s p h e r e  
a b o v e  th e  e a r th ,  a n d  in  o p e r a t i n g  in  sp a c e , a n d  so  t h a t  is N o . 1.

" I  t h in k  t h a t  i t  n o r m a l ly  fo llo w s  m iss io n -w ise .
“ N o . 2, f ro m  a  t e c h n ic a l  s t a n d p o i n t ,  th e s e  b a l l i s t i c  m is s ile s  y o u  see  h e r e ,  

a n d  w h a t  th e y  r e p r e s e m  in  te r m s  o f  r e s o u rc e s ,  f a c i l i t ie s ,  k n o w -h o w , p e o p le .  
is  t h e  p la t f o r m  f o r  g o in g  i n t o  sp a c e , n o t  o n ly  th e  b o o s te r s  b u t  th e  g u id a n c e ,  
th e  r e - e n t r y ,  a ll  p a r t s  o f  it .

" I  m a d e  a  s t a t e m e n t  a  y e a r  a g o  t h a t  a t  le a s t  90  p e r  c e n t  o f  w h a t  w e a re  
d o i n g  in  t h e  A ir  F o rc e  b a l l i s t i c  m is s i le  p r o g r a m , 90  p e r  c e n t  o f  a l l  o f  th is  
w o rk  c a n  b e  d i r e c t ly  a p p l i e d  to  a n  a s t r o n a u t i c s  o r  s p a c e  p r o g r a m .
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" A n d  so, f ro m  a te c h n o lo g ic a l  s t a n d p o i n t ,  i t  is, I th in k ,  a  n o r m a l  t r a n s i-  
t io n  to  s te p  f ro m  th e se  b a l l is t ic  m is s ile s  i n to  s a te l l i te s ,  m o o n  ro c k e ts , g o in g  
to  p la n e ts .

“ O f  c o u rs e , f ro m  a  p e r s o n n e l  s t a n d p o i n t ,  p h y s io lo g ic a l  s t a n d p o i n t ,  w e 
h a v e  h a d  th e  d e p a r t m e n t *  a t  R a n d o l p h  F ie ld  f o r  q u i t e  a lo n g  t im e . D r . 
S tru g h o ld  h as  b e e n  w o r k in g  th e r e  o n  m a n n e d  s p a c e  f i ig h t . Y o u  a r e  f a m i l i a r  
w ith  th e  b a l lo o n  f lig h ts  w e  h a v e  h a d ,  h ig h - a l t i tu d e  a i r c r a f t .  W e  a re  p ra c -  
t ic a lly  o p e r a t in g  in  a  s p a c e  e n v i r o n m e n t  w h e n  w e  g e t  u p  to  a l t i tu d e s  o f  
100,000 fe e t o r  s o .”

Senator Johnson. “ A n d  y o u  c o n s id e r  c o n t r o l  o f  o u t e r  s p a c e  e x t r e m e ly  
im p o r ta n t  to  th e  f r e e  w o r ld , d o  y o u  n o t? ”

General Schriever. " W e l l ,  I c e r ta in ly  d o , a l t h o u g h  I w o u ld  n o t  b e  a b le  
to  g iv e  y o u  e x a c t ly  w h y  in  t a n g ib l e  te rm s , a g a in ,  a  y e a r  a g o , t h a t  I t h o u g h t  
p e r h a p s  th e  f u t u r e  b a t t l e s  w o u ld  b e  s p a c e  b a t t l e s  i n s te a d  o f  a i r  b a t t le s ,  a n d  
I s t i l l  fe e l t h a t  w ay  a b o u t  i t . ”

. . . the reconnaissance satellite

G e n e r a l  S c h r ie v e r  d is c lo s e d  p la n s  to  u se  th e  T h o r  a s a  b o o s te r  f o r  a 
s a te l l i te  w ith  a  r e c o v e r a b le  r e c o n n a is s a n c e  d e v ic e .

General Schriever. " L e t  m e  say  th is , t h a t  t h e r e  w as a lo t  o f  i n t e r e s t  a t  
d i f f e r e n t  so u rc e s  in  th e  g o v e r n m e n t  fo r  a n  a d v a n c e d  r e c o n n a is s a n c e  sy s tem .
. . . N o w  s in c e  s p u tn ik s ,  t h e r e  h a s  b e e n  o f  c o u rs e  a  d e s ir e  to  a c c e le r a te  th is  
p ro g r a m , a n d  w e  h a v e  b e e n  lo o k in g  a t  m e a n s  f o r  a c c e l e r a t in g  i t  a n d  I h a v e  
g iv e n  v e r b a l  in s t r u c t io n s  a n d  th is  w il l  b e  c a r r i e d  o u t  in  c o n t r a c t u a l  te rm s , to  
b r in g  i n t o  th is  p r o g r a m  th e  T h o r  a s a  b o o s te r  to  e x p e d i t e  g e t t i n g  o r b i t i n g  
v e h ic le s  a n d  w e  th in k ,  b a s e d  o n  o u r  s tu d ie s  to  d a te ,  a n d  w e  h a v e  m a d e  
r a t h e r  e x h a u s t iv e  s tu d ie s  b o t h  in  h o u s e  a n d  in  L o c k h e e d ,  t h a t  w e  c a n  g e t  be- 
fo re  th e  e n d  o f  th is  y e a r , say  so m e  t im e  a r o u n d  p e r h a p s  as e a r ly  a s J u ly ,  b u t  
m o re  l ik e ly  a b o u t  O c to b e r ,  w e  c a n  g e t  a n  o r b i t i n g  v e h ic le  w i th  th e  T h o r  as a  
b o o s te r ,  w h ic h  w o u ld  b e  a  b o o s t  to  th is  p r o g r á m  h e r e ,  in  o t h e r  w o rd s , w e 
w o u ld  b e  g e t t in g  e x p e r ie n c e ,  w e  w o u ld  b e  g e t t i n g  s o m e  o f  th e  c o m p o n e n t s  
in  f l ig h t  a n d  so f o r th ,  . . .

“ N o w  th e  a c tu a l  sy s te m  t h a t  w o u ld  b e  o r b i t i n g ,  th e  d ry  w e ig h t  o f  t h a t  
a f t e r  y o u  h a v e  u s e d  th e  fu e l  w o u ld  b e  a b o u t  . . . p o u n d s ,  a n d  th e r e  a r e  
se v e ra l d i f f e r e n t  e x i s t in g  e n g in e s  t h a t  y o u  c o u ld  u se  fo r  a s e c o n d  s ta g e .

“ O n e  o f  th e m  is th e  p r e s e n t  V a n g u a r d  s e c o n d  s ta g e  e n g in e .
“ A n o th e r  o n e  is th e  B e ll e n g in e  t h a t  w e  a r e  u s in g  f o r  th is  p a r t i c u l a r  

p ro g ra m  n o w , i t  w as u se d  fo r  th e  H u s t l e r  a ir - to - s u r f a c e  m is s ile . . .
Senator Symington. “ So  y o u  c o u ld  m a k e  a n d  b y  w h a t  d a t e  d o  y o u  th in k  

y o u  c o u ld  h a v e  a  f u n c t i o n i n g  w e a p o n  as a  s a te l l i t e ? "

‘ [Department of Space Medicine, School of Aviation Medicine, USAF, Air University, lo- 
cated at Randolph Air Force Base, Texas. The Department is hcaded by Dr. Hubertus Strughold, 
famous pioneer in the phvsiology of the space man. Dr. Strughold was Director of Aeromedical 
Research Institute and Professor of Physioiogy at the University of Berlin, 1935-1945, and Direc- 
tor °.f The Physiological Institute, University of Hcidelberg, 1947-1949, before coming to 
America in 1949 to assisi in establishing the Air Force Department of Space Medicine. He is the 
author of an excellent studv, The Green and Red Planet (Albuquerque: University of New 
México Press, 1953), concerning the possibility of living forms on Mars.]
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General Schriever. “ I t h in k  t h a t  w e  c o u ld  h a v e  a r e c o n n a is s a n c e  cap a - 
b il i ty ,  u s in g  th e  T h o r  b o o s te r ,  b.y th e  s p r in g  o f  n e x t  y e a r , w i th  a  r e c o v e ra b le  
c a p s u le .”

Senator Bush. “ S p r in g  o f  w h a t? ”
General Schriever. “ S p r in g  o f  n e x t  y e a r , 1959 .”
S e n a to r  C a r r o l l  a n d  G e n e r a l  I r v in e  d is c u s s e d  p h o to  r e c o n n a is s a n c e  by  

s a te l l i t e ,  w ith  IC B M  p o w e r  fo r  th e  b o o s te r .
Senator Carroll. " C a n  y o u  h a v e  u n d e r  p l a n n i n g —y o u  d o  n o t  h a v e  to  

a n s w e r  th is  if  i t  is c la s s if ie d —d id  y o u , as s o r t  o f  th e  p r o d u c t i o n  m a n a g e r  o f  
th e  A ir  F o rc e , d id  y o u  h a v e  u n d e r  c o n s id e r a t io n  a  s o r t  o f  a r e c o n n a is s a n c e  
s a te l l i t e ? ”

General Irvine. “ W e  h a v e  b e e n  w o r k in g  to w a r d  t h a t  e n d  in  G e n e r a l  
P u t t ’s d e p a r t m e n t  fo r  a  lo n g  t im e ,  a n d  in  th is  a r e a  w e  h a v e  b e e n  in t e r e s te d  
in  t h a t  p r o b le m  b e c a u s e  w e  k n e w  in  th e  e n g in e  r e q u i r e d  fo r  th e  IC B M , w e  
h a d  th e  f u n d a m e n ta l  e l e m e n t  r e q u i r e d  fo r  th e  firs t s te p  in  th e  s a t e l l i t e .” 

Senator Carroll. “ I n  o t h e r  w o rd s , th e  IC B M  e n g in e —”
General Irvine. “ Y es, s i r .”
Senator Carroll. ( c o n t in u in g )  “ —c o u ld  b e  u s e d  to  l a u n c h  th is  r e c o n ­

n a is s a n c e  s a te l l i te ? ”
General Irvine. “ Y es, s i r .”
Senator Carroll. “ M r. C h a i r m a n ,  I h a v e  h a d  b r o u g h t  to  m y  office a b o u t  

—a w h i le  a g o , a p h o t o g r a p h ,  a n d  th is  is  c e r ta in ly  n o t  c la ss if ie d , t a k e n  b y  th e  
B o s to n  U n iv e r s i ty  P h y s ic a l  R e s e a r c h  L a b o r a to r y ,  w h ic h  I u n d e r s t a n d  is d o in g  
so m e  r e s e a rc h  w o rk  fo r  t h e  A ir  F o rc e , a  p ic tu r e  t a k e n  f ro m  P ik e ’s P e a k  o f  
D e n v e r ,  C o lo r a d o ,  63 m ile s  a w a y , a n d  ta k e n  e v id e n t ly  b y  a  m i r r o r  c a m e ra , 
p h o t o g r a p h e d  w ith  a  r e d  f i l te r ,  a n d  I a m  a b le  to  p ic k  o u t  w i th  m y  e y e , w ith -  
o u t  th e  a id  o f  a m a g n i f y in g  g lass , th e  S ta te  C a p i to l ,  th e  M a r t in  p l a n t  t h a t  
is d o in g  so m e  m i l i t a r y  w o rk , a n d  m a n y  m i l i t a r y  in s ta l l a t io n s .

“ T h e  th o u g h t  o c c u r r e d  to  m e  w h e t h e r  o r  n o t ,  if  y o u  ta k e  a p ic t u r e  w ith  
a  c a m e ra  o n  a h o r iz o n ta l  p la n e  a t  63 m ile s , is i t  c la s s if ie d , c a n  y o u  te ll  u s 
h o w  f a r  y o u  c a n  p h o t o g r a p h  d o w n ? ”

General Irvine. “ I t h i n k  t h e r e  a g a in  t h a t  M r. H o r n e r *  c a n  te l l  y o u  m o re  
p o s i t iv e ly  a b o u t  th is  t h a n  I c a n , b u t  w e  h a v e  c a m e ra s  t h a t  w ill  ta k e  p ic tu r e s  
f r o m  a  s a te l l i t e  in  o r b i t . ”

Senator Carroll. “ P ic tu r e s  f ro m  a s a te l l i t e  in  o r b i t ? ”
General Irvine. "Y es, s i r .”
Senator Carroll. “ W e l l ,  t h e r e  h a s  b e e n  so m e  ta lk ,  as I r e m e m b e r ,  t h a t —” 
General Irvine. “ A  lo t  o f  wro r k  o n  i t . ”

# * # *
Senator Carroll. “ I f  w e  c o u ld  l a u n c h  s u c h  a s a te l l i t e ,  r e c o n n a is s a n c e  

s a te l l i t e ,  I a s su m e  th e  R u s s ia n s ,  b e in g  a h e a d  o f  u s , c o u ld  la u n c h  o n e , to o , 
a n d —”

General Irvine. “ Y es, s i r .”
Senator Carroll. “A n d  b y  h a v in g  s u c h  p h o t o g r a p h i c  c a m e ra s  f u n c t io n -

•[H onorable Richard E. Horner, Assistant Secretary of the Air Force for Research and 
Development.]
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in g , p e r h a p s  e a c h  o f  u s w o u ld  k n o w  w h a t  e a c h  o t h e r  is d o in g ;  is t h a t  p os- 

s ib le ? ”
General Irvine. " I  t h i n k  th is  w o u ld  b e  v e ry  h e a l th y .  T h i s  is th e  firs t 

s te p  to w a rd  p e a c e ."
Senator Carroll. ' ‘Is t h a t  w h a t  y o u  m e a n t  w h e n  y o u  s a id  a  l i t t l e  w h i le  

ag o , if  w e  w o u ld  u se  so m e  o f  o u r  m o n e y  o r  d e v o te  o u r  m o n e y  to  so m e  o f  
th e  re s e a rc h  p ro g ra m s ,  is th is  o n e  o f  th e  p r o g r a m s  y o u  h a v e  in  m in d ? ”

General Irvine. “ W e  h a v e  th r e e  A ir  F o rc e  p r o g r a m s  w ith  th r e e  d i f f e r e n t  
c o m p a n ie s ,  o n e  o f  w h ic h  w e  h a v e  r e c o m m e n d e d  fo r  i m p l e m e n t a t i o n .”

. . . the manned satellite
General Schriever. “ T h e r e  is n o  m a n n e d  s a te l l i t e  p r o g r a m  a u th o r iz e d  

a t  th is  t im e . I w o u ld  p r e f e r  n o t  to  say  a n y t h i n g  m o re  a b o u t  th e  p r o g r a m  
th a t  h a s  b e e n  u n d e r  d is c u s s io n , w h ic h  M r . H o r n e r  c o v e re d , b e c a u s e  o f  its  
c la s s if ic a tio n .”

Mr. Weisl. “ I  t h i n k  th e  S e n a to r  is t a lk in g  a b o u t  th e  X -15  w h ic h  w as 
d is c u s se d .”

General Schriever. “ O h ,  th is  is n o t  a s a te l l i t e .  T h i s  is a  r o c k e t - p r o p e l le d  
e x p e r im e n ta l  a i r p l a n e . ”

Senator Barrett. “ Y es, I u n d e r s t a n d  th a t ,  G e n e r a l ,  b u t  I w as th i n k i n g  
a b o u t  a n  e x te n s io n  o f  th e  X -15 , a n d  i t  w o u ld  b e  p e r f e c t ly  a g r e e a b le  to  w a i t  
fo r  e x e c u tiv e  s e s s io n .”

General Schriever. “ W e ll ,  I t h i n k  I c a n  say  s o m e th in g  a b o u t  c e r ta in  
th in g s  t h a t  a p p e a r  p o s s ib le  in  th e  n o t  to o  d i s t a n t  f u t u r e  w i th  th e  h a r d w a r e  
th a t  is n o w  in  th e  b a l l is t i c  m is s ile  p r o g r a m s .”

Senator Barrett. “ T h a t  is w h a t  I h a d  in  m i n d . ”
General Schriever. “ Y o u  c a n  ta k e  th e  T h o r ,  th e  J ú p i t e r ,  th e  A tla s , a n d  

th e  T i t a n ,  a n d  th e y  a l l  m a k e  p e r f e c t  b o o s te r s ,  s o m e  o f  th e m  b e t t e r  t h a n  
o th e rs , a n d  th e r e  is e x i s t in g  h a r d w a r e  fo r  s e c o n d  s ta g e s  a v a i la b le  to d a y  t h a t  
w o u ld  p u t  i n to  o r b i t  c o n s id e r a b ly  g r e a t e r  w e ig h ts  t h a n  w e  a r e  t a lk in g  a b o u t  
in  o u r  c u r r e n t  s a te l l i t e  p ro g r a m s .

“ A n d  th e s e  c o u ld  t h e n  b e  fo l lo w e d  b y  e x p e r i m e n t a l  r e c o v e ry  f l ig h ts  
in i t ia l ly .  Y ou  c o u ld  e v e n  g e t  to  th e  m o o n  b y  1 9 5 9 .”

. . . costs of astronautic research

M r. H o r n e r  p o i n te d  o u t  t h a t  th e  p r o g r a m  o f  a s t r o n a u t i c  r e s e a rc h  d is- 
c lo sed  by te s t im o n y  to  b e  w i th in  A ir  F o rc e  c a p a b i l i t i e s  w as n o t  e n o r m o u s ly  
costly : “ 1 n o t ic e d  t h r o u g h o u t  a ll  o f  th e  t e s t im o n y  a  t h r e a d  w h ic h  se e m s to  
in d ic a te  to  m e  th e  g e n e r a l  o p i n io n  t h a t  w h a t  w e  h a v e  c a l le d  o u r  a s t r o n a u t ic s  
p ro g ra m , w h a t  m ig h t  b e  c a l le d  s p a c e  e x p l o r a t i o n ,  is s o m e th in g  t h a t  is r e a l ly  
q u i te  e x p e n s iv e , a n d  r e a l ly  r e la t iv e ly  e x p e n s iv e .

“ R e la t iv e  to  th e  e f fo r ts  w e  n o w  h a v e  in  o t h e r  f ie ld s , a n d  sp e c if ic a lly  in  
th e  b a l l is t ic  f ie ld , i t  c a n  b e  r e a l ly  q u i t e  c h e a p ,  q u i t e  r e a s o n a b le  in d e e d .

“ I say  th is  b e c a u s e  w e  h a v e  a la r g e  p a r t  o f  th e  i n d u s t r i a l  p l a n t  t h a t  is 
n e e d e d . W e  h a v e  a  la r g e  p a r t  o f  th e  te s t  f a c i l i t ie s  t h a t  a r e  n e e d e d .  W e  
h a v e  a  lo t  o f  th e  te c h n iq u e s  f a i r ly  w e ll in  h a n d .
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. . , lhe ten yeari ahrtid
I he b ig  in v e x m c r i i  fo r  th e  fu s t  g e n c r a t io n  o í  space v e h ic le s  h a s  al- 

r r ^ d v  b e e n  m a d e , G e n e r a l  S th r ie v e r  s a id  l  h e  e x p l o i t a i i o n  o í  t l i is  g e n c r a t io n  

o t  v r h i t le »  tn  s p a c e  H ight »s a m p le  fo r  a w td e  r a n g e  o í  p r o je c t s  o v e r  th e  n e x t  

te n  y e a n  S i/a b ly  in t r e a s e d  p o w e r  i» n o t  p r c s e n t ly  n e e d e d .

General Sihnever " P r c s e n t  A t la s ,  I i t a n ,  a n d  T h o r  p r o v id e  b o o s tc r  

< a p a c itv  fo r  s p a t e  rn is s io n s  o í  p r im a r y  i n u r e s t  fo r  th e  n e x t  te n  y e a r s .  P r in -  

c ip .i l  in v r s tm e n t  in  f in t  g e n c r a t io n  s p a c e  v r h i t l e *  has a lr e u d y  b e e n  m a d e .

I w o  I h e d e v e lo p m e n t  o f  a f r *  a d d e d  s t a g e s  oí sn ia ll  * i / e ,  a s  b u ild *  

m g  b lo c k s  t a n  p r o v id e .  in  p r o p e r  c o in b in a t io n  w ith  th e  b o o s te r s .  v e h ic le s  

f o r  a l l  s p a c e  m i iu n n t  fo r  th e  n e x t  te n  y e a n .  . . .

'T h r e e  l h e  g u id a n t e  sy s te rm  fo r  th e  p r e s c n t  a n d  s e t o n d  g e n c r a t io n  

I C B M  a n d  I R B M  a r e  b a s tc a l ly  a d e q u a t e  to  p e r fo r m  th e  s p a c e  rn is s io n s , in  

o th e r  w o rd s  to  h it theve, th e  m o o n , p l a n e i * ;  y o u  n e e d  a  g u id a n c e  sy ste m  

to  d o  it.

“ F o u r  l h e  d e v e lo p m e n t  o f  p a y lo a d s  ío r  s o m e  o f  th e  v a r io u s  rn iss io n s , 

in c lu d in g  p a v lo a d s  fo r  a n im a i s  a n d  m a n n e d  e x p e r im e n t s ,  t a n  b c  d e f in e d  

m d  in m .it e d  m m  ln  o th e r  w o rd s , w e t a n  s t a r t  w o rk  o n  th c sc  t h in g s  n ow .

F tv* R e se .ir t  h m «l t e t h n i t a l  d e v e lo p m e n t  r e t ju ir e d  o n  c r i t i c a i  p r o b lc m s  

a n d  o n  h .is it s p a c e  p h e n o m e n a  c a n  l»e d e f in e d  a n d  in i t i a t e d  n o w  fo r  th e  

s e t o n d  g e n e r a t io n  o f  s p a t e  v e h ic le s  a n d  s p a c e  rn is s io n s .

In  o t h e r  w o rd s . w e a r e  n o t ju s t  g r o p i n g  a r o u n d .  W e  c a n  a c tu a l ly  
s p e c ifv  t h in g s .”

Slenator Saltonstall. Are th e se  \ o u r  c o n c lu s io n s  o r  c o n c lu s io n s  o f  

p e o p le  w h o  h a v e  s u b m it t e d  th e m  to  y o u ? ”

General Schrtei ver. " T h e s e  a r e  th e  c o n c lu s io n s  w e h a v e  r e a c h e d  a f t e r  

m a n v  m o n th s  o f  s tu d v  in  m v o r g a n i / a t i o n  w h e r e  th e r e  h a v e  a l s o  b e e n  in p u t s  

bv  in d u s t r y .

T h e s e  h a v e  b e e n  r e v ie w e d  ju s t  a  c o u p le  o f  w e e k s  a g o  b y  th e  B a l l i s t i c  

M is s i le s  S c ie n t if ic  A d v is o r y  C o m m it t e e .  h e a d e d  b y  D r . M i l l ik a n .  T h e y  essen - 

t ia l lv  a g r e e  w ith  a l l  o f  th e  m a jo r  c o n c lu s io n s  w e h a v e  r e a c h e d ."

Senator Saltonstall. " A n d  y o u  b e l ie v e  in  th e m  p e r s o n a l ly ? ”

General Schnever. " I  b e l ie v e  in  th e m  p e r s o n a l ly ,  y es. . .

Mr. l ance. " G e n e r a l ,  G e n e r a l  M e d a r i s  t e s t i f ie d  th a t  u n le s s  w e  d e v e lo p e d  

a n  e n g in e  o f  a  m i l l io n - p o u n d  th r u s t  b y  1961 w e  w o u ld  b e  o u t  o f  th e  ra c e .

" D o  y o u  a g r e e  w ith  t h a t ? ”

General Schriever. " N o .  I d o  n o t .  I th in k  th a t  w e  n e e d  to  d e v e lo p  

la r g e r  e n g in e s ,  a n d  I d o  n o t  d i s a g r e e  th a t  w e  s h o u ld  n o t  d e v e lo p  a  m il l io n -  

p o u n d  e n g in e .  m in d  y o u . b u t  I d o  n o t  a g r e e  w e  w o u ld  b e  o u t  o f  th e  r a c e  i f  
w e h a v e  n o t  g o t  o n e  d e v e lo p e d  b y  1 9 6 3 .”

A fr . Weisl. " Y o u  d o  a g r e e  w e  s h o u ld  b e  w o r k in g  o n  su c h  a n  e n g in e ? ”
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General Schriever. ‘‘Y es. I a g r e e .”
A ir . Fance. " H a v e  y o u  so  r e c o m m e n d e d  i t ? ”
General Schriever. ‘ ‘ N o , I h a v e  n o t  r e c o m m e n d e d  it .  . . .”

Senator Stennis. “ I w a n t  to  b e  s u r e  w e  u n d e r s t a n d  i t .  Y o u  r e a l ly  t h i n k  
w e o u g h t  to  b e  b u i l d i n g  th is  la r g e  e n g in e ? ”

General Schriever. "1 th in k  w e  s h o u ld  b e  d e v e lo p in g  th is  la r g e  e n g in e ;

yes, s i r . ”
Senator Stennis. “ W i t h  a  m i l l i o n  p o u n d s ’ t h r u s t ,  a n y w a y ? ”
General Schriever. " I n  th e  o r d e r  o f  a  m i l l i o n  p o u n d s ."
Senator Stennis. " B u t  y o u  d o  lo o k  u p o n  i t  as k in d  o f  s e c o n d a r y  n e -  

cessity , t h a t  is, s o m e th in g  to  f a l i  b a c k  o n , r a t h e r  t h a n  a  p r im a r y  n e c e s s ity ;  
is th a t  r ig h t? "

General Schriever. " I  t h i n k  w e  n e e d  th e s e  k in d s  o f  e n g in e s .  W e  n e e d  
to  h a v e  th e m  b y  1965 o r  so f o r  th e  n e x t  g e n e r a t i o n  o f  s p a c e  v e h ic le s .

" I  h a v e  c a r r i e d  y o u  th r o u g h  1965 w i th  b a s ic a l ly  t h e  b o o s te r s  w e  n o w  
h a v e , p lu s  tn e s e  . . . s e c o n d  s ta g e s  w h ic h ,  I t h i n k ,  w il l  d o  e v e r y th in g  t h a t  
y o u  w a n t  to  d o  f o r  th e  n e x t  t e n  y e a r s .”

T k e  C o rn in g  o f  A s t r o  P o w e r

A t th e  c o n c lu s io n  o f  h is  t e s t im o n y  G e n e r a l  B e r n a r d  S c h r ie v e r  m a d e  a 
fo r m a l  p r e p a r e d  s t a t e m e n t  to  th e  C o m m i t te e .  T h e  fe w  ty p e w r i t t e n  p a g e s  
h e  r e a d  fo r  th e  r e c o r d  m a k e  u p  o n e  o f  th e  p r im e  d o c u m e n t s  o f  o u r  a g e . 
P a s s in g  t h r o u g h  th e  i n t e r m e d i a t e  r e a lm  o f  th e  b a l l i s t i c  m is s i le  w e a p o n  
System s to  lo o k  f o r w a r d  i n t o  th e  d a w n in g  a g e  o f  m a n n e d  s p a c e  o p e r a t io n s ,  
G e n e r a l  S c h r ie v e r  d e a l t  A m e r ic a  h e r  f irs t  h a n d  a s  a n  a s t r o  p o w e r .  T h e s e  a r e  
th e  c a rd s  w e h a v e  to  d r a w  to . T h i s  is th e  p r o b a b l e  p la y . F a c in g  w a r ,  th e  
s ta k e s  a r e  h ig h ;  a n d  in  p e a c e  th e  a d v e n t u r e  is o n  i n t o  a  n e w  a g e  o f  m a n .  
W e  s t a n d  th e r e f o r e  a t  a  t im e  f o r  " b o ld  d e c i s io n .”

Statement of M ajor General Bernard A. Schriever 
Before the Senate Preparedness Investigating Subcommittee 
9 January 1958

M y  p u r p o s e  h e r e  to d a y  is to  a ss is t y o u r  s u b c o m m i t te e  in  d e f in in g  a n d  
e v a lu a t in g  th e  k in d  o f  f u t u r e  p e r f o r m a n c e  a n d  p r o g r a m s  w h ic h  a r e  re -  
q u i r e d  if  w e a r e  to  g iv e  o u r  c o u n t r y  u n d i s p u t e d  l e a d e r s h ip  in  th e  f ie ld s  o f  
b a l l is t ic  m iss ile s  a n d  a s t r o n a u t ic s .

A s I see i t ,  w e  fa c e  tw o  c h a l le n g e s :  o n e  im m e d ia t e ,  t h e  o t h e r  lo n g -  
r a n g e . M e e t in g  e a c h  o n e  su c c e s s fu lly  is v i t a l  to  th e  m a i n t e n a n c e  a n d  s t r e n g th -  
e n in g  o f  o u r  n a t i o n a l  s e c u r ity .

I n  s e e k in g  to  p r o v id e  y o u  w i th  w h a t  in  m y  o p i n i o n  a r e  c o n c r e te  a n s w e rs  
to  th e s e  q u e s t io n s ,  I a m  n o t  g o in g  b a c k  o v e r  p a s t  h is to r y .  T h e  c o n c e r n  w e  
a ll  s h a re  n o w  is w ith  h is to r y  in  t h e  m a k in g —a n d  w h a t  w e  c a n  d o  to  m a k e  
t h a t  h is to ry  le a d  u s  to w a r d  th e  s e c u r i ty  w e  r e q u i r e .

I n  lo o k in g  n o w  to  th e  f u tu r e ,  th e  im m e d ia t e  q u e s t i o n  is, w h a t  c a n  b e
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d o n e  to  f u r t h e r  c o m p re s s  th e  t im e  w i th in  w h ie h  w e  w ill  a c h ie v e  s ig n if ic a m  
o p e r a t io n a l  fo rc e s  o f  i n t e r m e d ia t e - r a n g e  a n d  i n t e r c o n t in e n t a l  b a l l is t ic  m is- 
siles?  H o w  c a n  w e  c lo se  th e  g a p  t h a t  n o w  e x is ts  b e tw e e n  o u r  c o u n tr y  a n d  
th e  S o v ie t U n io n  w ith  r e s p e c t  to  th e  a v a i la b i l i ty  o f  th e s e  w e a p o n  system s?

. . . our ballistic missile potential

T h e  T h o r  I R B M  w il l  b e  th e  e a r l ie s t  o p e r a t io n a l  b a l l is t i c  m iss ile . O u r  
p l a n n i n g  n o w  s t ip u la te s  15 m iss ile s  p e r  s t ju a d r o n .

T h e  p r e s e n t  D e p a r t m e n t  o f  D e fe n s e  d i r e c t iv e ,  w h ie h  c a lls  fo r  b o th  
J ú p i t e r  a n d  T h o r  s q u a d r o n s ,  d o e s  n o t  a c h ie v e  a t  th e  e a r l i e s t  d a t e  th e  d e te r -  
r e n t  p o w e r  w h ie h  is w e ll w i th in  o u r  c a p a b i l i t i e s .  I i  a d e c is io n  is m a d e  im - 
m e d ia te ly  to  in c re a s e  o u r  r a t e  o f  p r o d u e t i o n  o v e r  th e  c u r r e n t l y  a p p r o v e d  
m a x im u m  ra te ,  by  e a r ly  1960 w e  c a n  d e p lo y  tw ic e  as m a n y  o p e r a t i o n a l  IR B M  
s q u a d r o n s ,  a ll  T h o r - e q u i p p e d .  T h e  firs t tw o  T h o r  s q u a d r o n s  w o u ld  b e  o v e r- 
seas b y  th e  e n d  o f  c a le n c la r  y e a r  1958.

T h e  n e x t  a d d i t i o n  to  o u r  b a l l is t i c  m is s ile  fo rc e  w ill  b e  th e  A tla s  IC B M , 
o n  w h ie h  re s e a rc h  a n d  d e v e lo p m e n t  h a s  b e e n ,  a n d  is, p r o c e e d in g  a b o u t  as 
ra p ic lly  as  p o s s ib le . W e  e x p e c t  to  e q u i p  o u r  f i r s t  A tla s  o p e r a t i o n a l  c o m p le x  
in  th e  n e a r  f u tu r e .  T h e  fo rc e  b u i l d u p  b e y o n d  t h a t  f irs t u n i t ,  h o w e v e r ,  c a n  
b e  a p p r e c ia b ly  a c c e le r a te d  b e y o n d  c u r r e n t  p la n s .  T h i s  c a n  b e  a c c o m p lis h e d  
by  a n  im m e d ia te  d e c is io n  to  d o u b le  th e  c u r r e n t l y  a p p r o v e d  m a x im u m  r a te  
o f  p r o d u e t i o n  o f  A tla s  m iss ile s . T h i s  w ill  p e r m i t  u s to  e q u i p  a lm o s t  d o u b le  
th e  to ta l  A tla s  s q u a d r o n s  c a l le d  fo r  in  th e  n e x t  fe w  y e a rs . T h i s  a lso  is wre ll 
w i th in  o u r  c a p a b i l i t i e s .

T h e  th i r d ,  a n d  m o s t  a d v a n c e d  b a l l is t i c  m is s ile  in  o u r  fo rc e  o f  th e  im ­
m e d ia t e  f u t u r e  w ill  b e  th e  T i t a n  IC B M . H e r e  a g a in  o u r  r e s e a rc h  a n d  d e ­
v e lo p m e n t  is p ro g r e s s in g  a t  a  r a p i d  r a te .  O u r  m o s t  r e c e n t  a s s e s s m e n t, h o w ­
e v e r , sh o w s  th a t  w e  h a v e  th e  c a p a b i l i ty  to  e q u i p  tw ic e  th e  n u m b e r  o f  T i t a n  
s q u a d r o n s  in d ic a te c l  b y  c u r r e n t l y  a p p r o v e d  s c h e d u le s .

. . . the cost of these accelerations

O u r  e s t im a te s  s h o w  t h a t  th e  a d d i t i o n a l  s t r e n g th  p r o v id e d  b y  th e se  a c ­
c e le r a t io n s  o f  o u r  m is s ile  sy s te m s  c a n  b e  a c c o m p l i s h e d  by  m e a n s  o f  r e la t iv e ly  
s m a ll  in c re a s e s  in  th e  e x p e n d i t u r e  o f  f u n d s  a l lo c a te d  f o r  th e  r e m a i n d e r  o f  
FY  58 . H o w e v e r  a p p r o p r i a t i o n  o f  c o n s id e r a b le  a d d i t i o n a l  f u n d s  o v e r  th o s e  
p r e s e n t ly  b u d g e te d  fo r  FY  59  w o u ld  b e  r e q u ire c l .

I t  w o u ld  b e  a  c o lo ssa l b l u n d e r  if w e  w e re  n o t  to  p la n  b e y o n d  th e  p o in t  
o f  m a tc h in g  e v e ry  S o v ie t  b a l l i s t i c  m is s ile  w ith  o n e  o f  o u r  o w n . W e  m u s t  
c o n t i n u e  to  re f in e  a n d  im p r o v e  th is  firs t g e n e r a t i o n  o f  b a l l i s t i c  m iss ile s , in  
e ffe c t p r o g r e s s in g  to  a n e x t  g e n e r a t i o n  o f  m iss ile s . W e  c a n  p r o v id e  in  th e  
s l ig h t ly  m o r e  d i s t a n t  f u t u r e  g r e a t e r  a c c u ra c y , g r e a t e r  d e s t r u e t iv e  p o te n t i a l ,  
g r e a t e r  r a n g e ,  g r e a t e r  s im p lic i ty ,  g r e a t e r  m o b i l i ty ,  b u t  a t  less c o s t. A ll o f 
th is  w e  c a n  d o  a n d  a r e  n o w  p l a n n i n g ,  a n d  a l l  o f  th is  d e m o n s t r a t e s  o n c e  a g a in  
t h a t  t h e r e  is n o  f ix e d , f in a l a n d  f ro z e n  s o lu t io n  to  th e  p r o b le m  o f  n a t io n a l  
d e f e n s e ,  a n y  m o re  th a n  th e r e  is a n y  u l t i m a te  w e a p o n .



T h e  se c o n d  c h a l le n g e .  as  I a n a ly z e  th e  f u tu r e ,  is in  th e  lo n g e r - r a n g e  
fie ld  o f  a s t ro n a u tic s .  H e r e  th e  m i l i t a r y  r e q u i r e m e n t s  a r e  a t  p r e s e n t  less 
c le a r ly  d e f in e d , b u t  a r e  n o  less d e m a n d in g  o f  a n  im m e d ia te ,  v ig o ro u s  p ro -  
g ra m  d e s ig n e d  to  s u rp a s s  S o v ie t  c a p a b i l i t i e s  in  th is  fie ld .

F o r tu n a te ly  w e  a re  a l r e a d y  a lo n g  w ay  d o w n  th e  r o a d .  T h e  o r ig in a l  in - 
v e s tm e n t  fo r  p r e l im in a r y  p r o je c ts  in  s p a c e  f l ig h t  h a s  a l r e a d y  b e e n  m a d e  in  
o u r  p r e s e n t  A ir  F o rc e  b a l l is t ic  m is s ile  p ro g r a m s .

W e  h a v e  a l r e a d y  p r o v id e d  fo r  a p p r o x im a te ly  5 00  m i l l i o n  d o l la r s  w o r th  
o f  n e w  fa c i l i t ie s  d e s ig n e d  fo r  d e v e lo p m e n t ,  te s t in g ,  a n d  p r o d u c t i o n  o f  b a l ­
lis tic  m iss ile s—fa c il i t ie s  n o n e x i s t e n t  o n ly  th r e e  y e a rs  a g o . W e  h a v e  a  v a s t  
m il i ta ry , sc ie n tif ic  a n d  i n d u s t r i a l  o r g a n iz a t io n  e x p e r i e n c e d  in  th e  d e s ig n , d e ­
v e lo p m e n t ,  t e s t in g  a n d  p r o d u c t io n  o f  b a l l i s t i c  m iss ile s . M o r e o v e r ,  th is  o r ­
g a n iz a t io n  is s ta ffe d  b y  p e r s o n n e l  o f  th e  g r e a te s t  c o m p e te n c e  w h o  h a v e  
m a s te re d  m a n y  n e w  fie ld s  o f  k n o w le d g e  w h ic h  c a n  b e  s p r in g b o a r d s  to  su b - 
s t a n t ia l  s h o r t  c u ts  in  o u r  m a s te ry  o f  a s t r o n a u t i c s .

I n  m y  o p i n io n ,  th e s e  p r e s e n t ly  e x i s t in g  a sse ts  p r o v id e  o u r  b e s t  s te p p in g -  
s to n e s  fo r  e v e ry  a d v a n c e  w e  c a n  e x p e c t  to  m a k e  i n t o  th is  n e w  a g e  o f  s p a c e  
S cience a n d  te c h n o lo g y .  O u r  s tu d ie s  h a v e  s h o w n  t h a t  b y  u s in g  o u r  p r e s e n t ly  
e x is t in g  ro c k e t  e n g in e s  a n d  m iss ile s , w e  c a n  p r o v id e  b o t h  a t  t h e  e a r l ie s t  
d a te  a n d  a t  th e  g r e a te s t  e c o n o m y  n o t  o n ly  u n m a n n e d  r e c o n n a is s a n c e  o f  th e  
m o o n , b u t  a lso  a  b a s ic  v e h ic le  f o r  m a n n e d  s p a c e  f l ig h t .  I b e l ie v e  th a t  a n y  
p ro g r a m  to  d e v e lo p  a s e p a r a te  a s t r o n a u t i c s  a g e n c y  w o u ld  r e s u l t  in  d u p l ic a -  
t io n  o f  c a p a b i l i t i e s  a l r e a d y  e x i s t in g  in  th e  A ir  F o rc e  b a l l i s t i c  m iss ile  p r o ­
g ra m s , a n d  a t  a  c o s t in  f u n d s  a n d  t im e  s im i la r  to  t h a t  a l r e a d y  e x p e n d e d  o n  
th e se  p ro g ra m s .*

•Following the prepared statement, further questioning took place in which General 
Schrievers position relative to the proposed new Department of Defense Space Agency was 
clarified:

Senator Saltonstall. "General Schriever, may 1 first say that this is an awfully interesting 
and important statement, and I certainly appreciate, and as one member of the committee, you 
appearing as a witness today. Certainly, it is comforling to have men like you around.

"My question is this: You were criticai in that statement just now of a new satellite agency, 
so to speak.”

General Schriever. “ Yes, sir.”
Senator Saltonstall. "A s I understand it, if thev set up a new satellite agency in the Depart-

ment of Defense, that would not mean that the present Air Force facilities, the Air Force 
personnel and the Air Force research could not, under the direction of that agency, go forward 
and go forward along the lines that you are saving.

"1 would not interpret a new agency to mean that vou would put on the shelf and throw 
away all, discard all, that you people have done, discard your efforts.

“ Now, isn't that your understanding?”
General Schriever. "Yes.
"Let me clarify that point. 1 will read that again where 1 say that a separate astronautics 

management agency, and by that 1 want to clarify the word ‘management,' I mean an operating 
management organization which has a large rechnical staff, and has its own procurement agency.

"I  think we do need an agency which will formulate policy and approve total program for 
the Defense Department, and give direction.”

Senator Stennis. "And give you the job to do: is that right?”
General Schriever. "B u t I think the existing—that is right, in part. I am not saving I 

should have it all.”
Senator Stennis. " I  know. But hand it down to you, and you take it from there.”
General Schriever. "T hat is right. But we will be dirccted by that agency; I expect that.
" I  think earlier I said we ought to have a strong direction agency that makes decisions . . . 

if that is the wav it is set up, I am all 100 per cent for it.
But if it attempts to set up a procurement staff and do the contracting out of the Pentagon 

and set up a big technical staff there and make all the technical decisions, 1 say you are not 
going to set up a very good thing."

. . . our astronautics potential
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I f  w e  a re  to  ta k e  f u l l  a d v a n ta g e  o f  o u r  p r e s e n t  a s t r o n a u t i c s  p o te n t i a l ,  
th e s e  a r e  so m e  o f  th e  p r o je c ts  w e  c a n  im m e d ia te ly  in i t i a t e :

1. O u r  p r e s e n t  T h o r  m iss ile  w ith  e x i s t in g  s e c o n d  s ta g e  h a r d w a r e  c a n  
p la c e  a  s a te l l i t e  in  o r b i t  w ith  a  r e s p e c ta b le  p a y lo a d .

2. By a d d i n g  e x is t in g  t h i r d  s ta g e  h a r d w a r e ,  th is  v e h ic le  c a n  p e r fo rm  
u n m a n n e d  r e c o n n a is s a n c e  o f  th e  m o o n  a t  a  r e la t iv e ly  e a r ly  d a te .

3. A  s l ig h tly  m o d if ie d  T h o r  p lu s  a  h ig h -e n e rg y  fu e l  s ta g e  w h ic h  w e 
h a v e  b e e n  d e v e lo p in g  c a n  m a k e  p o s s ib le  i n i t i a l  u n m a n n e d  re c o n n a is s a n c e  
o f  M a rs  a n d  V e n u s .

4. T h e  T i t a n  b o o s te r  w h e n  d e v e lo p e d  p lu s  h ig h -e n e rg y  s e c o n d  a n d  
t h i r d  s ta g e s  c o u ld  p u t  m u c h  g r e a t e r  w e ig h ts  i n to  o r b i t  a n d  c o u ld  p r o v id e  
e x te n d e d  m a n n e d  s a te l l i t e  m is s io n s . T h i s  v e h ic le  c o u ld  p r o v id e  m a n n e d  
H ig h t a r o u n d  th e  m o o n  a n d  b a c k  to  th e  e a r th .

M a n y  f a r - r e a c h in g  p o t e n t i a l  c a p a b i l i t i e s  a r e  a p p a r e n t  a s  w e  lo o k  m o re  
i n t o  th e  f u tu r e  a n d  d e v e lo p  th e  p o s s ib i l i t ie s  o f  t h e r m o n u c l e a r  p r o p u ls io n  
a n d  p a y lo a d s  u p  to  h u n d r e d s  o f  to n s . T h e s e  few  s p e c if ic  e x a m p le s  o f  c a p a ­
b i l i t i e s  n o w  a t  h a n d  a n d  t h e i r  t im e s  o f  r e a l i z a t io n ,  h o w e v e r ,  s t r o n g ly  e m p h a -  
size th e  r e q u i r e m e n t  f o r  i n i t i a t i n g  th e s e  p r o je c ts  im m e d ia te ly  i f  w e  a re  to  
h a v e  a n y  c h a n c e  o f  l e a d in g  in  s p a c e  te c h n o lo g y  in  th e  1965-1970  t im e  p e r io d .

T h e  e n t i r e  a s t r o n a u t i c s  d e v e lo p m e n t  p r o g r a m  w h ic h  I h a v e  to u c h e d  
u p o n  c a n  b e  i n i t i a t e d  a t  o n c e  w i th  n o  d i l u t i o n  o r  d iv e r s io n  o f  o u r  b a l l is t ic  
m is s ile  p ro g ra m s .

A s I a n a ly z e  th e  f u tu r e ,  if  w e  a r e  to  m e e t  th e  c h a l l e n g in g  r e q u i r e m e n ts  
o f  e i t h e r  b a l l is t ic  m is s i le  a c c e le r a t io n  o r  o f  a s t r o n a u t i c s ,  w e  m u s t  re c o g n iz e  
w h e re  o u r  s t r o n g e s t  c a p a b i l i t i e s  l ie  to d a y ,  a n d  m a k e  c e r t a in  d e c is io n s  n o w . 
T h e  d e c is io n s  w e  m a k e  to d a y  w ill  e x e r t  m o m e n to u s  in f lu e n c e  o n  w h e re  w e  
s t a n d  to m o r ro w , a n d  m u s t  p o i n t  to  w e l l - p la n n e d ,  c le a r ly -d e f in e d  o b je c -  
tiv e s . T o d a y ’s s i t u a t io n  c a lls  f o r  b o ld  d e c is io n  a n d  c a lc u la te d  r is k  a n d  fu n d s .

Air University Quarterly Review



The B allistic  M issile and 
Its E lu sive  Tar^ets

M a j o r  K e n n e t h  A. S m i t h

A BALLISTIC missile is hurtling through space at fantastic 
speed. The many thousands of parts in the missile are 
working to perfection. As the shrunken world spins bc- 

neath the high arc of the flight path, the missile's guidance system 
automatically but delicately performs the small corrections tliat 
keep the huge missile on its preset trajectory. At the correct point 
in space the engine suddenly burns out. The aft section separates 
cleanly and the warhead streaks on alone, up and on over the 
apogee. Now it slants earthward toward the selected target. Will 
the missile hit the target?

The survival of the free world may well depend on the answer 
being yes. Assuming that the missile is functioning perfectly in 
every detail as the designers intended it to, we should also be able 
to assume that the answer is yes. One small detail could change 
the answer to no—even though the missile components function 
perfectly. Is the target actually where we thought it was—that 
target 5500 miles away from the launch pad, separated from it by 
broad oceans and vast land areas for which we have no accurate 
maps? Geographical and political boundaries may have prevented 
our mapping the target area accttrately and tying in precisely the 
geographic coordinates of launch pad and target.

For hundreds of years map makers have been attempting to 
pinpoint one given place in relation to others across the face of 
the earth. The slight inaccuracies have always been an annoy- 
ance to navigators, but until recently the slow speed of the means 
of transportation allowed ample time to correct for the errors. 
With the coming of high-speed, long-distance aircraft the diffi- 
culty became somewhat aggravated, but still there was some time 
to make computations and a crew was along to correct naviga- 
tional errors by taking visual sightings. Even in bad weather 
the radarscope or radio and radar navigational aids were avail- 
able to the crew. With all these checks available the error to 
worry about was the human error of the navigator rather than the 
reference errors in the maps.



6 2 AIR UNIVERSITY Q U A R T E R L Y  REVIEW

But with the coming o£ the ballistic missile the problem has 
suddcnly assumed criticai importance. All traditional navigation 
devices for correcting map error have no use here. The only 
things that matter are the validity of the information set into 
the guidance system before launching and the faithfulness of the 
missile’s guidance system in keeping the missile on its trajectory. 
Of course such a system assumes that the location of the target 
in relation to the launch pad can be plotted precisely. It is this 
assumption that we must make come true by finding means to 
link our North American Datum system to those for other conti- 
nents. This is one more Science in which we are operating under 
an informational handicap, for the details of the North American 
Datum have been available to the rest of the world, including 
Rússia, while comparable detail from the Russian datum has not 
been available to us. Presumably the Russians have been able 
to tie their datum into ours and can now pinpoint targets on this 
continent. We do not necessarily have to have their information 
to achieve the same accuracy ourselves. We do need more geo- 
detic data than we have as well as more detailed information on 
the location of targets. But with some additional geodetic data 
there are methods that will enable us to extend our own datum 
system to cover other continents.

The purpose of this writing is to review what has been ac- 
complished toward compiling the geodetic information for use in 
the ballistic missile program and to discuss the methods that can 
be used to supplement the mapping information in areas now in- 
accessible because of political or other obstacles.

what has been accomplished

Since World War II there have been considerable advances in 
the reduction of different national surveys into large, unified 
geodetic systems. This was done by readjustment of existing con- 
tinuous surveys and by clirect connection between different Sys-
tems. In general the connection systems have been limited to 
continental boundaries because of difficulties imposed by large 
bodies of water that separate most of the continents and by cer- 
tain borders that have been closed for political reasons. The 
relationship between the North American Datum, the European 
Datum, and the Russian datum can only be estimated when com- 
paring plotted positions on the separate datums. Estimates of the 
amount of error vary from luindreds to thousands of feet. Errors 
can also be introduced when trying to tie two surveys together
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even though they are on the same continent. The Russians at- 
tempted to join the Pulkovo and Svobodny Datums near Kras- 
noyarsk and found an error of about 2700 feet. Recently the 
Army Map Service reported a correction in the placement of the 
Palau Islands in the Pacific Ocean. The islands’ position has been 
moved 4000 feet northwest of their previously recorded position.1

problems of mapping and surveying the world
If the world were a perfect spliere many of the mapping and 

surveying problems would not exist. The fact remains there are 
hills and valleys on the warped surface of the earth and a slightly 
shorter axis runs through the earth pole to pole than through 
it at the equator. It is these odd qualities that complicate our 
problem of referencing points accurately on the face of the earth. 
As a basis for starting a survey or datum a sphere must be de- 
veloped which is as representative as possible of the actual shape 
of the earth. For this purpose an ellipsoid is chosen, the equa-
torial axis measured, and the flattening effect introduced by the 
shorter pole-to-pole axis determined.

There are five quantities that must remain constant when 
developing a datum. There must be an initial point from which 
to start the survey. The ellipsoid must be defined by length of the 
equatorial axis and flattening effect on the meridian. The initial 
point coordinates and the azimuth direction from which to start 
the survey must remain the same throughout the development 
of the datum. Change one quantity and the whole datum will 
have to be recomputed.

North American Datum. The 1927 North American Datum 
is the result of readjusting the triangulation of the United States 
and then tying into it the geodetic datums of México and Canada. 
The initial point is located near Meades Ranch in Kansas. The 
datum is referenced to the Clark Ellipsoid developed in 1806. 
Information from the North American Datum is available to all 
nations of the world.

Russian geodetic datum. Rússia at one time had two inde-
pendem geodetic datums in progress. An attempt was made to 
link the old Pulkovo Datum with the Svobodny Datum at several 
points near Krasnoyarsk. There was a discrepancy, as previously 
stated, in plotted positions on the two datums of about 2700 feet. 
Since each datum has a different initial point the error was un- 
avoidable. Investigation revealed that the error was caused by
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a u t h o r y e a r a i !

F  v e r n t 1 8 1 0 6 , 1 7 7 . 2 7 6  m e t e r s 1 1 0 0 . 8

B c v w l l 1 9 4 1 6 . 1 7 7 . 1 9 7
• <

1 2 9 9 1 5

( l l a r k 1HH0 6 . 1 7 8 . 2 4 9
• i

1 / 2 9 3 . 5

B o n s d o r f f 1 8 8 8 6 , 1 7 8 . 4 4 4
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1 2 9 8 . 6

M c l r n c r t I ‘ HI7 6 . 1 7 8 . 2 0 0
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Nornt: a — ctjuatorial axis
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Oi th esc ellipsoids. the Everest, Bessell, Clark, Hayford (now 
known in the International Ellipsoidi , and krassowiski/ Izatov are 
the surfares ot the most important and extensive surveys.

m e th o d s  o f  e x l c n d i n g  g e o d e t i c  c o n t r o l

1  here are several methods of extending geodetic control. 
I hese methods are capable of spanning large bodies of water and 
in some cases land areas that are othenvise inaccessible. The 
geodetic methods are:

The Hiran, or direct method;
The celestial, or semidirect method;

The gravimetric, or indirect method.



Hiran Geodetic Mapping

Each method of extending geodetic control has a definite use. 
Each provides an acceptable accuracy—defined by the U.S. Coast 
and Geodetic Survey as error in line extension of less than one part 
in 50,000. The gravimetric method offers an excellent procedure 
for developing a world geodetic datum and can be used to establish 
geodetic Controls in land areas that are closed for political reasons.

Hiran method. Hiran (High Precision Shoran) operates on 
the transponder-responder principie and can be considered a radar 
beacon system. The airborne transponder alternately transmits
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moon and surmunding stars from scvcral distant points at the 
s.mieex.ict lime Bvtompanng lhe moon j position in relaiion to 
the surrounding stars and measuring the angular differences in 
[x>smon of ihc stars. then knowing the direction of the moon from 
the observatories. the distam e between the observatories can be 
quite rasilv computed \ccording to Markovitz, the accuracy of 
40 meters < in f>e obtaincd f o r  the positions.* The over-all error 
of the celestial method is less than one part in 50,000.

Gravimetric method. The gravimetric method is essentially 
a procedure ot reducing the shape of the earth geoid configuration 
to an ellipsoid shape so that we can measure distance and direction 
between anv two points on the earth s surface. The undulations 
and the deflection of the vertical are determined by measuring the 
gravity anomalies which exist over the surface of the earth. The 
smoothing out ot the undulations gives a more representative 
shape of the earth and the deflection of the vertical provides in- 
formation needed to correct positions of latitude and longitude 
that have been determined astronomically and to reference these 
corrected values directly to the chosen ellipsoid without recourse 
to triangulation.

Dr. Heiskanen of the Ohio State University Mapping and
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2. Corrected points ore  transferred 
onfo the internationoi ellipsoid.

3. These points m ay  then be tran s ­
ferred  to a n y  m op  or datum  that is 
based  on the internationoi e llipso id.

Charting Research Foundation has outlined a method for estab- 
lishing a world geodetic datum using the gravimetric method.7 In 
order to arrive at a world geodetic datum—or world system of co- 
ordinates—there must first be a reference ellipsoid that can be 
used world-wide. The International Ellipsoid, developed in 1910 
by Hayford, seems to be one of the best available. Also there will 
have to be a suitable gravity formula with which to compare the 
representative gravity measurements. The international gravity 
formula suggested has the following value:

y =  978.0490 (1 -  <*>.0052884 sin2 <*> -  <*>.0000059 sin2 <*>) .
In order to get the gravity values as representative as possible the 
observed gravity reading must be reduced isostatically to sea levei 
and compared to the above theoretical international value. From 
th is comparison we get the needed value of gravity anomalies 
which can be used to calculate the dettection of the vertical plumb 
£ and rj. In addition to this method of calculating the value of £ 
and ij Dr. Heiskanen explained another method which was adapt- 
able to short triangulation nets. The astronomical observation 
values of latitude <*>', longitude A', and azimuth A' and the cor- 
responding values of <*>, a , and A are computed geodetically and re-
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ítrred to the ellipsoid. From the observed \alues and tlie com 
puted values, f and »? are íound by the following formula:

rj =  (a ' — a )  cos <t>, or 
r; =  (A' — A) cotan

Tlm method of determining the \alue oí £ and »/ can be used over 
limited arcas 1 he measured ares cover only a relatively small 
pait ol the earth's surtace, and such triangulation nets cannot be 
camed acroift oceam.

II the problem is lumed uj*side down and the formula revvrit- 
ten in tlie foliou mg rnamiei we ian convert astronomically ob* 
servrtl ({uantities ol a\ and V to lhe quantities needed for a 
referente ellipsoid <t>, A, and A:

=  t

\  — Y) sec <t>
A =  A' — rj tan <t>

I 11is 41 ws ihe (juantities ol .*>. A and \ vvhich can be referenced 
diret tlv io the ellipsoid selet trd without recoursc lo triangulation. 
Meu indeed is a method r»f romputing a world geodetit datum 
utili/ing all the observations recorded to date regardless of the 
referenced datum or original ellipsoid used.

Ii must be remembered that the use of gravity anomalies to 
determine the value ol the vertical deflections $ and rj is no magic 
method It is an elastic tool in the hands of the geodesist. It is 
also possible to transfer the coordinates of latitude and longitude 
taken from an accurate map directly to the gravity datum by ap- 
plving the recorded values of the vertical deflection for the mapped 
area. The mapped area must have a reliable grid of latitude and 
longitude. One additional advantage can be utilized in the 
gravimetric method ot using isostatically reduced anomalies: it is 
possible to obtain an acceptable value of the gravity anomalies by 
using the average value to compute the needed vertical deflection 
í and 17. While some error will be introduced, the error will not be 
large enough to prevent the calculation of the target position 
when using weapons of a large blast radius. Using the fools of 
gravimetric datum the following results can be obtained:

• The determination of a general world geodetic datum— 
or world system of coordinates—using the information of the 
many existing datum systems, such as the Russian, Swedish, and 
European, in the gravimetric datum without the task of recom- 
putting all the datums.
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• The computation, based on the world geodetic datum, 
of the geographic coordinates of any important point in the world 
where astronomical observations exist. It is also possible, using 
the coordinates of a point taken from a reliable map having an 
accurate grid, to compute the coordinates directly to the gravi- 
metric datum if the gravity anomalies are available. The error 
between two points, computed gravimetrically using celestial ob- 
servations and accurate vertical deflection measurements, should 
be no greater than 50 meters. This is well within the accuracy of 
Hiran or celestial methods.

• The accurate computation of the distancc and direction 
between launch point and selected target of ICBMs.

Considerable work has been accomplished on the gravity 
measuring requirement. Some parts of the world have thousands 
upon thousands of gravity measurements recorded. Much of the 
world still remains to be worked, but certain parts of the world of 
interest to the ICBM program are well covered. In 1950 the Air 
Force Cambridçe Research Center established a world-wide 
gravity measuring program. No less than 30 countries, many lead- 
ing oil companies, and prominent geodesists from all over the 
world are cooperating in this program to sol ve the problem of 
gravity data collection.8

About one fourth of the world has been mapped accurately 
to the scale of 1/250,000. Approximately two fifths of the world 
has been mapped to the scale of 1/1,000,000 or larger. The areas 
that have been mapped and the gravimetric measurements offer 
an excellent source of information on which to base a datum com-
puted gravimetrically. Celestial observations taken from available 
datums such as the Pulkovo, European, and others will furnish 
additional information.

the future

The Hiran method of extending geodetic control has been 
used extensively by the armed forces. Hiran is limited in its 
range over land areas, since United States aircraft are not allowed 
to fly over many parts of the world because of political differences. 
The celestial method has been used, but the observations of solar 
eclipse, star occultation, and moon camera methods are all de-
pendem on visual sighting of the celestial bodies. The weather 
does not always cooperate. When using the celestial method ob- 
servers have to be in place at both ends of the line to be extended. 
Here again certain areas are inaccessible and cannot be covered
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by the celestial method. T h e gravimetric meihod of extending 
geodetit control prrsents ihe best method of developing a world 
gn xletk  system betause ii reference» any asailable geodetic in- 
forrnation to lhe relrrerue ellipsoid without recourse to triangu- 
larion l he* gravinirtrir inethod is the only one that ean extend 
geodetic control to arras that are now totally inaccessible to the 
1’nited States.

( an the I( HM hit the target? It vve get lhe proper distribu- 
tion nul drriMtv of .ravitnrtiu readings and use the gravimetric 
method to cstabhsh a world geodetu datum —or a world system 
ol coordmatev—lor calrulating the p m  ise relationship between 
the launcli pomt and the tatget. the answer can and must be yes.
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O ffiicers an d M issiles
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

W
HEN in doubt, do the right thing.” General Spaatz of- 
fered this counsel to the City of Los Angeles during a 
public forum on the necessity for jet-age airport expan- 
sion. His advice was accepted in that case because the circum-
stances of jet transport handling were sufficiently clear-cut to en-

able an affirmative decision. Unfortunately the factors in some 
departmental-type decisions are not so sharply defined. Where the 
decision must encompass a series of increments, perhaps even to 
the point that at the time of the decision the nature of the more 
distant increments cannot be too clearly seen, the problem be- 
comes one of finding certain principies that seem to hold maxi- 
mum validity under changing circumstances. This is exceedingly 
difficult.

The planning for the officer personnel requirements in the 
ballistic missile program involves this kind of decision. Laying 
down principies for it would be difficult at best. But the problem 
is being even further complicated by partisan debate: who is to 
be the backbone of the ballistic missile force, the rated or the 
nonrated officer? The rated officer sees a new weapon family, 
abetting manned aircraft, which demands the experience of the 
pilot-commander for effective use. The nonrated officer sees the 
opening of new opportunities. He senses the great career leverage 
offered by missile duty. As is so frequent in such debates, both 
groups are arguing on the basis of generalized and often mistaken 
information or assumptions, and both have some truth on their 
side.

For the Air Force the risk in this imagined conflict of interest 
is that it will invoke unrealistic personnel policies designed to 
settle an empty issue. This would be most unfortunate, for the 
ballistic missile force ought to be manned not in terms of how 
we split up the new pie among interest groups but rather in 
terms of an understanding of what the missile needs and in what 
direction this new weapon is likely to evolve in the future.

The intent of this article is to relate what the experience has
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been tinis far in officer manning of the missile force, what the 
requirements for the initial force seem to be, and what general 
direction is portended for the future. When this is understood 
there is no real confiict of interest. Rather there should be abun- 
dant opportunity for the fullest use of both rated and nonrated 
officers. More than opportunity, there will be an insatiable de- 
mand for competent officers with diverse skills.

how missile units have been manned thus far
Since the activation of the first ballistic missile operational 

units, personnel requisitioning lias never been in terms of rated 
versus nonrated officers. Many of the special skill requirements 
of ballistic organizations could best be satisfied from groups of 
nonrated officers. A number of pilots have been assigned, but the 
total has been considerably less than expected. This does not 
mean that only a handful of pilot officers will be used in this 
program. It is simply that many early requirements for specialized 
officers were circumstantially filled from nonrated sources. Sev- 
eral command positions were filled from rated groups. Again this 
has not been by design. It is simply that there are more experi- 
encecl commanders available from rated sources as a result of 
past assignment policies.

It has been interesting to observe rated and nonrated officers 
working together in a ballistic missile organization. On the whole 
it has been a very harmonious arrangement. In some areas of 
planning the special and often unusual training of nonrated of-
ficers has been irreplaceable. For example, Computer program- 
ing and supervision of the preparation of target guidance material 
represent areas where the abilities of certain nonrated officers are 
especially noticeable. On the other hand rated officers have been 
particularly active in such areas as emergency war planning and

Lieu ten an t Colonel W illiam  L . A nderson, V irgín ia Polytechnie In stitu te , is D eputy 
D irerlo r o f  P ersonnel, l s t  M issile D ivision. A fler a b r ie f tour in lhe Arm y and 
grad u ation  from  flviiig sehool in 1944 , he served a year in the C h in a-B um ia-In dia 
T h ea ler . A fle r the war he was a base ad ju tan t and operation s officer. Much o f 
h is later duly  has been in personnel work. In 1949-50  he was C h ief, M ilitary 
T ra in in g  D ivision, Hq Air T ra in in g  C om m an d , resp on sib le  fo r  sta ff attention to the 
basic  m ilitary train ing cen ters and lhe O fficer C an didate Sehool. In 1951-53 he was 
an assistan t execu live officer to the A ssistant Secrctary  o f  the Air Force , and later 
he served in the D irectorate o f M anpow er and O rgani/.ation , H endqnarters IISAF.
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crew rotation. These areas of interest overlap, and of course such 
conclusions are of the broadest nature. There are exceptions. In 
general the question of whether an officer is rated or not is of 
little interest in this organizaiion. It is just a case where both 
rated and nonrated talents find an abundance of opportunity. 
Any debate over rated qualifications is beside the point.

missile manning and AF officer requirements
As a background to qualifications for missile posts, we need 

to take a look at officer requirements of the past decade. Pre- 
vious requirements must be compared with ballistic missile needs 
and the points of difference marked. At the end of World War 
II an Army general stated that the AAF needed “ fighting first 
lieutenants” in the postwar era. And that is what we got in the 
several integration cycles. The first lieutenants fell under a policy 
which estimated that 70 per cent of Air Force officers should be 
rated. There was never an enthusiastic acceptance of this policy, 
and arguments have rumbled on through the intervening years. 
One air base was even manned largely with rated officers, each 
perfonning some nonflying additional duty. The fact that this 
particular base evidently was operated satisfactorily testifies 
either to the impotence of personnel policies or to the remark- 
able malleability of the average officer.

H is to r ic a l  v a l id a t io n  o f  r a te d  r e q u i r e m e n t s  fo r  m a n n e d  Sys-
tem s has u su a l ly  b e e n  o n  the b as is  o f :

a. Equipment-Inventory Positions—a relatively fixed require- 
ment factored by a staff determination of number of pilots or 
crews per unit of equipment.

b. Emergency War Requirements—the customary mobilization 
figure. Usually considered in light of production potential after 
M-day. Tends to vary inversely with complexity of manned Sys-
tems.

c. Rotational Positions—provides periodical interchange of of-
ficers between command-operational and staff assignments. Pro-
vides an undetermined portion of emergency war requirements.

d. Staff and Command—positions where aeronautical ratings 
lend effectiveness to the performance of the incumbent. Often the 
same requirement as the preceding one.

Spectacular improvement in manned aircraft performance 
since 1945 has profoundly altered the true requirements for rated 
personnel. New performance leveis in equipment justify new 
emphasis on rotational assignments. Too much staff activity goes
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viduals in staff positions. These are abiding requirements. One 
striking difference with missiles is that no emergency war re- 
quirement exists. Neither time nor circumstance will allow bal- 
listic missiles to be manned with a view to strengthening the crew 
after some projected M-day. Nor is it likely that such a require- 
ment will be justified in the future. Ballistic missile units are 
planned as a totally ready force capable of extremely quick re- 
action. This reaction follows a hard rule: launch preparations
must be quicker than the flight time of the enemy missile. This 
rapid launch capability may alter a number of operating pro- 
cedures and policies, ranging from handling of bench stocks to use 
of reserve forces. The first effect, however, is the requirement for

Strategic Bomber Pilot Versus Launch Control Officer

Pilot Strategic Bomber

yes
yes
yes
yes
yes
yes
no
no

Function or Requirement

plans missions 

pilots a ircraft 

supervises crew training 

directs flying activities 

must know theory o f flight 

must know radar bombing 

graduate o f launch control course

mandatory technical undergraduate 
training

Launch Control Officer

no
no
yes
no
no
no
yes
yes

complete crew manning on a regular duty-shift basis to provide a 
quick reaction time around-the-clock.

Tlie debate concerning the actual need for pilots in local 
missile operations may be settled quite easily. Missile ofhcers 
obviously do not need to be rated officers.

If it is irrefutable that actual missile operation does not re- 
quire a rated officer, it should be equally plain that this applies 
only to a very local situation within missile units. Several in- 
Huences make it essential to consider the role of the rated officer 
above the crew levei of missile operations. Foremost is the case 
of the planner in most staff functions. In the foreseeable future 
the USAF will use both manned and unmanned systems. Effective 
planning from the wing levei upward requires a familiarity with



the operational use of both missiles and aircraft, for the two types 
of weapons cannot effectively be employed separately. Secondly, 
there is the question of availability of officers with command ex- 
perience. Notwithstanding the numbers of excellently qualified 
nonrated officers, it will doubtless be necessary to turn to the rated 
resource because of the numbers of commanders required for mis- 
sile organization. Here is a case where tlie demand for effective 
commanders probably outstrips future availability. Weapon for 
weapon, ballistic officer requirements in the near future will ex- 
ceed those for manned systems by over 200 per cent. It is im- 
portant to remember that instantaneous availability of operational 
ballistic missiles cannot be equated with manpower economy.

Use of the rated officer in ballistic organizations should not 
only be a matter of necessity, but must enhance the experience 
of the individual. It ought to be practiced to a considerable ex- 
tent on a rotational basis. Certainly such assignments must never 
be allowed to sever the relationships of an officer with manned- 
force employment. For it is the dually experienced officer who 
offers the elite planning and management capabilities for the 
future. We need to be particularly sensitive about the relation- 
ship of the manned and unmanned forces; otherwise interim 
missile developments may tend to produce a fissured officer corps. 
This could be doubly unfortunate, since interim missile develop-
ments may be quite uncharacteristic of the future.

operational missiles and beyond

Missiles mean all things to all men, or so it seems. The public 
imagination has been sufficiently captured by missile news so that 
we have a popular conçeption that here at last is the means for 
push-button war. So a word of caution is in order. A ballistic 
missile is not an all-purpose weapon. Despite its obvious destruc- 
tive power, its value may be limited by the very fact that it is an 
all-or-nothing clevice. At the end of diplomacy road, and some- 
times before the end, armed force is useful in varying degrees to 
attain national objectives. A ballistic missile is essential for ex- 
istence; for some time it will be the quiet big stick. Yet it lacks 
the visible international glamour of a White Fleet or the unde- 
niable influence of a nonstop, around-the-world flight by strategic 
aircraft. It also lacks “presence,” in the sense that deployment 
is necessarily a somewhat remote undertaking. Picture for ex- 
ample the paucity of interest or even knowledge on the part of 
the typical Asiatic about the existence of an ICBM complex in

7 8  AIR UN1VERSITY QUARTERLY REVIEW
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northwestern United States. Totality is tlie leading cliaracteristic 
of a ballistic missile force.

The fact that a weapon lacks complete versatility does not 
mean that its development is frozen. Ballistic missiles are today 
weapons of singular destructive capability, while the airplane was 
initially a specialized reconnaissance device. But ballistic devices 
may become extraordinary surveillance vehicles. They may be 
mutated into fantastic travei conveyances so that what is regarded 
as a dream today will be commonplace within this century. Com- 
mercial uses of ballistic techniques are sure to come. Diverse 
military bcnefits ranging from logistics to weather research and 
forecasting are anticipated. Despite these promises for the future, 
all such performance will necessarily be slow in coming. Conse- 
quently there can be no wanton abandonment of existing special-
ized forces, for the fundamental reason that there must be func- 
tioning replacements. Moreover a manned system has a special 
dimension in its “option-performance” capability. The presence 
of a man provides a special potential in system operation. Here 
then is an impressive argument for the inclusion of man in many 
high-performance systems of the future. And it is the special 
benefit of the man-machine relationship that leads to the conclu- 
sion that aircraft, or manned air vehicles, will ultimately make 
use of the extraordinary propulsive force cliaracteristic of the 
ballistic missile.

A most dramatic element of ballistic developments is the 
engine. In this component lies the key to future development in- 
volving the role of man in military vehicles. Man has always 
sought to assoe iate himself most intimately with his scientific 
products. Whether for war or peace, he has always been the 
central beneficiary in the development of a means of conveyance. 
In improving his travei methods, he has usually improved his 
ability to conduct a war. Abundant objectives justify these de- 
velopmental efforts, for combat success usually has as criticai in- 
gredients the velocity and performance of a vehicle. We need then 
to look ahead and see what sort of intimate relationship man 
might conceive so as to take advantage of new propulsive forces.

It is the coming juncture of aircraft and missiles that justifies 
the closest current relationship between crews of present manned 
systems and the array of ballistic missiles. For unmistakably we 
may expect a coincidence in engine performances in manned and 
unmanned vehicles so as to produce essentially a single group of 
vehicles, adaptable to a variety of performance objectives. This 
promises not the exclusion of man or of an aircrew, but rather
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hicles of all classes may be expected to provide an increasing func- 
tional yield. Compare, for example, the value of a single 
reconnaissance vehicle in orbit with the massive World War II 
efforts in reconnaissance.

National interests demand that the Air Force achieve a capa- 
bility to deny a potential enemy the military use of space. This 
may require an unprecedented national effort. Certainly the need 
for decision is near, for international competition lias already 
drawn the issue of survival in the space age. It is against this 
background that the specialized potential of a ballistic missile 
ought to bc considered. Combat during the space era requires 
action aloft, and surface destruction may become so incidental as 
to be unnecessary. Space vehicles, manned and unmanned, will 
ultimately exceed the usefulness of ballistic missiles. Moreover 
gross manpower requirements for space vehicles will eventually 
exceed requirements for operation of ballistic missiles by a wide 
margin.

We can either regard the ocean of space as open and free to 
all or as a médium that must be controlled by some method. 
Either alternative automatically excludes a number of lesser na- 
tions, because of the capital costs of space activities. So it boils 
down to an issue between the large, industrialized countries. Since 
mutual confidence is uncharacteristic of international relations, 
there really is no option. The taking of the necessary steps to 
acquire a space capability is essential to our national survival. It 
is against this unfolding age and challenge that the trivial argu- 
ment of roles for rated and nonrated officers is heard. It is hearten- 
ing to realize that the demands of the space age will shortly drown 
out this minuscule debate. There is as much scope as all of them 
can handle, and the roles of the nonrated specialist and the pilot 
are going to become so interdependent, each so indispensable to 
the other, that grounds for argument will be inconsequential.

Heaclquarters lst Missile Division
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T ie term fundamental is used to describe these equations 
because certatn simplifying assumptions are made in the deriva- 
tions This procedure mav not be sophisticated enough to satisfy 
the strietest mathematicians but it is adequate to show the general 
rel.itionships among the various survival factors. These in tum



should be accurate enough for broad military planning where 
many of the parameters—particularly those under control of the 
enemy—can never be precisely known or controlled by the plan- 
ner. Because the equations are somewhat bulky they may appear 
formidable at first glance to those not normally confronted with 
mathematics in the exercise of their daily duty. Closer inspection 
will show that the terms are easy to understand and that the equa- 
tions can be solved by anyone familiar with slide-rule fundamen-
tais. For those who are not, a graph is included which allows the 
equations to be solved by longhand arithmetic.

The assumptions used in developmg the equations are:
a. For purposes of terminology it is assumed that the target 

for enemy attack is the U.S. ballistic missile force. For application 
to the U.S. aircraft force, simply substitute “aircraft” for “missile” 
and “base” for “site” in the terminology.

b. The U.S. sites present point targets to tne enemy. This 
assumption is probably more valid for ballistic missile sites than 
for aircraft bases, but it should be sufficiently valid for air bases 
under most circumstances.

c. The enemy initiates the war by an attack which arrives 
nearly simultaneously all over our missile force. There is no 
launching of U.S. missiles during this short period when enemy 
weapons are impacting. This does not rule out the possibility of 
launching on the basis of warning prior to attack.

d. All errors contributing to the enemy circular probable 
error (CEP) are normally distributed.

e. All targets are of equal importance to the enemy, and he 
distributes his attack in an optimum fashion. The enemy has no 
advance knowledge of which U.S. missiles may be launched or 
how many may be launched before his weapons arrive at target.
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flying train ing in 1 9 4 1 , he served fo r  three years in the F ly in g  T ra in in g  C oinm and. 
He grad u ated  from  the AAF E n g in eerin g  School in 1 9 4 5 , and in 1 9 4 6  com pleted  
postgraduate M echanical E n gin eerin g , U niversity o f C a lifó rn ia . D urin g  1946-47  
he served on the sta ff o f the Air T actical Sch ool. In 1 9 4 8  he com pleted  stu d ies 
in N uclear En gin eering (E ffe c ta ) at the Navy P ostgrad u ate  School. From  1 9 5 0  
to 1934 he wa» in M eadquarters U SA F, first in lhe D irectorate o f R esearch  an d 
D evclopm ent, then in the W ar P lan s D ivision, D irectorate  o f P lan s. Colonel Bow ers 
attended the Armed Forces S ta ff  C oliege ju sf p rio r to h is presen t assign m en t.
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f. The lethal, or damage, radius of the attacking nuclear 
weapon is the distance at which a specified static overpressure will 
be exerted. Any target within th is radius and vulnerable to the 
specified overpressure will be destroyed. Any target designed to 
the specified overpressure and which is outside this radius will 
escape.*

g. Sites (or missiles) hardened to a given static overpres-
sure are also designed to withstand all the other weapons effects 
associated with that overpressure.

h. The U.S. sites are separated by a distance such that a 
single attacking weapon cannot destroy iriore than one site and will 
have a negligible probability of hitting a site other than the aiming 
point. Tliis distance can easily be determined when yield, accu- 
racy, and site hardness are known.

i. The enemy attacking weapon has no alternate target 
capability after it has been launched.

For a U.S. missile to be destroyed by enemy attack, all of the 
following conditions must obtain:'

• The enemy must know the location of the U.S. missile 
at the time he launches his attack;

• The missile must not be launched prior to arrival of 
enemy attack; and

• The enemy weapons must impact within the lethal
radius.

The probability that a missile will be destroyed is the product 
of the probabilities that each of the above conditions will obtain. 
Stated mathematically the probability that any one missile will be 
killed or destroyed by enemy attack is :**

P* =  P,( 1 ~ P l ) (1 -Pm) (O
where P, is the probability that the enemy knows where the missile

is;
(1 — PL) is the probability that the missile is not launched 

prior to arrival of the attack; and
(1 — Pm) is the probability that the attacking weapon (s) 

will destroy the target.
The probability that a missile will survive enemy attack is:

Ps  =  1 -  P k
•T h is is known as a "cookie cutier" distribution. While it is truc that some largeis inside 

the lethal radius may escape and some outside mav be destroyed, the approximation is adcquate 
for our purposes.

**See  accompanying summary of Symbol delinitions.



Definition of Symbols
P =  p ro b a b ility  o f destroy ing  any  one m issile; also the expecfed fra c tio n  o f the 

force tha t is destroyed.
P =  p ro b a b ility  o f su rv iva l o f a ny  one m issile; a lso the expected fra c tio n  o f 

the force th a t survives.
P =  p ro b a b ility  th a t the enem y know s the loca tion  o f U.S. m issile(s) o r tha t

he knows there are  missiles a t any  p a rtic u la r site.
P =  p ro b a b ility  th a t a U.S. m issile is launched be fo re  a r r iv a l o f enem y

w eapons.
\ — P — p ro b a b ility  th a t a U.S. m issile is not launched be fo re  a rr iv a l o f enem y 

w eapons.
Plf =  p ro b a b ility  th a t w eapon(s) w ill miss the ta rge t, i.e., the w eapon(s) w ill 

a ll fa l i outside the le tha l rad ius.
1 —  P =  p ro b a b ility  th a t w eapon(s) w ill h it and  destroy the ta rge t.
R =  le thal rad ius  (or rad ius o f destruction) o f an a tta ck in g  w eapon .
C  =  c ircu la r p ro b a b le  e rro r (CEP) o f a tta ck in g  w ea po n .
n =  num ber o f enem y missiles im pa ctin g  in each ta rg e t a rea.
W — y ie ld  o f a tta ck in g  w eapons in m egatons (MT).
H — site hardness in pounds per square inch (psi) o f overpressure .
E  =  num ber o f enem y w eapons assigned to a ttack  the U.S. m issile force.
r =  ove r-a ll re lia b ility  o f enem y w eapons. i.e., the fra c tio n  o f the enem y 

missiles th a t w ill fun c tio n  a d e q u a te ly  so as to im pact in the ta rg e t areas.

a =  a ttr it io n  ra te  o f enem y w eapons by U.S. active  defense.
N =  num ber o f missiles in U.S. force.
k =  concentra tion  o f U.S. missiles, i.e., num ber per site.
AIP =  the num ber o f U.S. missiles expected to su rv ive .

Substituting th is expression into (1) :

P9= \ - P , ( \  ~ P L) (1 ~ P m) (2)
The probability (1 — PM) that weapons aimed at a point tar-

get will hit it depends upon the lethal radius, accuracy, and num-
ber of attacking weapons.

If one enemy weapon impacts in the region of each site 
(n =  1), the probability of site destruction is:

When n is greater than 1 , (n > 1) :*

1 - ^ = 1- 0/2) /,2n/c2 (3)
'  I hiN is m a ilic ro a iica lly  p rcc is r o n ly  w hcn n is an in tc g c r, b n t is an adequatc a p p ro x im a - 

cion fo r any o lh t r  valuc o f n g rca tc r ib a n  I.



(4)

When n is lev* than 1 , (n < 1 ) :

- r .  =  „ h -

I hr Ic i Il u i ad iu * ( H ) i<in bc rxprev»cd in ternis o! thc targct
hardnev» ( / /  an d  weapon yield (II') as ío llo w s:*

611'*
H 1

(5)

where H ís  n a u u ta l m ílcs, II i* m egaton», and / /  is jx iun ds per 
s q u a r r i iu h  .

\n  exprt n îo íi l<»r n ii i  tcrins nl thc q u a m it ir s  previously dc 
fined < at» !x* derived  a% follow s: I he numl>er o f  cncm y w eâpons
�migned n# a lU tk  lhe l S. m issilc lo rte  is E, I lic num bei of as- 
Mgned cncm y w< .ipom  suctCYsíully la u iu h rd  and fun ction in g 
propt r l> is / r. l he n u m b cr «»É a\$igned enciny w capons lau iu h cd , 
Im uiiM im , > j 11»• | k ‘t !v M im u iu  nr defcn sc action , an d  rcaching 
thc larget is Et 1 a ) .  I h<-riuml>cr o H  N. n m sd cs is .V. If these
arr tn iu  cnt ratcd u ith  k m issilcs jx t  site, tlien tlie nuvnber of 
sttc\ " i  ta tg c t' io  the enem v is .V h. I herefore by defin ition :

n
F.r ( I — a) E r  ( I — a) h 

X  k =  T T (6)

I he prnlrability that any gtven m issile in the U .S. force will 
survive w Im h ix ah<> the expec ted fra< tion of the forc e snrviving) 
(.m  nou Ih found hv su b stitu tin g  eq n atio n s (3 ) ,  (5 ) ,  and (6) 
in to  equ ation  (2) . T h e  rcsult is:

■V5H 171 Er 11 - oi*

r , =  i - p , ( i -  p l) I - c 2h s
(7 )

E q u atio n  (7) is for the case where at least one attacking 
w eapon reaches each site. i.e., the terni E r  (1 — a)k X  will be equal 
to o r  greater than 1 . * *

For the case where there are m ore sites than there are enem y 
w eapons reach in g the sites, (i.e., the term  £ r ( l  — a)k X  is equal to

* This cxprrssion is for a surface hum  anrl has bem  derived cmpiricallv fronri lhe undassified 
DOD-AEC pubiication The Fffects of N udcar Wcapons,”  June Ií#57 (AFP 136-13). Somtwhal 
more precise expressions could bc derived for limitrd ranges oí hardncss. For an airburst and 
10 pounds per M|uarc mch pst or less hardncss. the exprcsMon K W */* /H 0 * ean bc tiscd.

* ’ The form M equation (7) will varx uith the assumptions as to hov* the enemv assigns 
targvts to his missiles and the Information the enemv lias and uses) about thc reliabilitv and 
survivabilitv of lm missiles after the launch o|<eration begms. Equation (7) represents thc best 
thc enemv can do without bomb-damage assessmmt.
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or less than 1), equation (4) , instead of (3), should be substituted 
into equation (2 ), resulting in the following expression:

P t  =  1 -  P j  (1 -  P L)
Er (1 — a) k 

N

36  W �J/3

1 - C2//

All the major factors in force survival are novv related in these 
expressions. By use of the appropriate one of the equations the 
expected fraction of the U.S. force surviving can be determined 
for any given set of the parameters. In using the equations the 
assumptions under which they are derived rnust be kept in mind 
and the survival probability modified to account for any change in 
the assumptions. For example, if the U.S. missiles are launched 
while enemy weapons are arriving (which is contrary to assump- 
tion “c”) , the survival probability would tend to be raised because 
some missiles would be launched before being attacked; but at the 
same time the survival probability would tend to be lowered since 
the missiles (if initially in hardened sites) would be exposed and 
more vulnerable during the period preparatory to launch. These 
could be offsetting factors, but they would need further examina- 
tion in any particular case to determine the effects on survival.

The equations are intentionally made general to cover all the 
major factors in force survival. In particular cases or under par-
ticular circumstances they can be considerably simplified. For 
example, il the force is based at fixed sites rather than mobile,* it 
can be assumed the enemy will know the location. Then the term 
Pj equals 1. If there is no launching prior to enemy ICBM 
attack** the term PL equals 0. Equation (7) then reduces to:

36M’ ' 3 Er{ 1 -«!)*•

P. =  (l/2) C "*V
and equation (8 ) reduces to:

£ r ( l  -  a) k
P. =  1 - N

36IV 2/íl

l -
C 2 H

(9)

(10)

As an example of the use of the survival equations and the
* In a mobile ssxtcm the m i« i ln  uould bt mmmt; from plarc to placc *o that the exact 

\<h j i  "in of «>iiic fr.Ktion of tlic forti is unknnivn to tfie enemy at any timr. Tltis may bc good 
from i turvival atsmdpoini i<ut ii h u  practiczl togíMic, o p cn tio iu l, and reliability limitations, 
phu the t " t th.it iIn fr.ir.tíon <>( tfie forre on thr move is not availahlc for immediatc retaliation.

I.jtinr hmtt missi 1» s prn.r to niannrd bnmhcr attack mat be fcasible, but launching prior 
to cnetns k  BM .itr.uk h.o practical Umiiationa of ihori warníno Ume and náUonal detision time. 
Ih«>í lirnitation* an more thoroiighly diKtiMed Io Colontl H. W. C. Shelton, "Im patt of the 
Bjllnt - Mimlc on Defense.”  Air Vnivrrxily Quartrrly Revirw, IX. S iMimmer 1957), 151 ff. It 
, (lointcd out that ihc-v luintatiai.s do not nerenarilv apply to lanricliíiik  manned
l...mh. , ,  ,,ri w.irning ..f lí BM atta.k. The liomlit ts can bc tallcd back if tlu warning turns 
out to be false.
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accompanying graph, take tlie case where the number of as- 
signed enemy weapons is equal to the number of U.S. missiles; 
the over-all reliability of enemy weapons is 80%; there is no com- 
bat attrition of enemy weapons; there is no launching of U.S. 
missiles prior to enemy attack; the U.S. missiles are based at fixed 
sites hardened to 75 psi and dispersed to 5 missiles per site; the 
enemy CEP is 3 nautical miles and the yield is 1 megaton (MT) .

The parameters then have the following values: E =  N, 
r =  .80, a =  0, P, =  1, PL =  0, k =  5, H =  75, W =  1,
G =  3, Er (1 -  a) k/N =  4.

Since Er (1 — a)k/N is greater than 1 (each site is attacked by 
more than one enemy weapon) and since P, — 1 and PL =  0, equa- 
tion (9) should be used.

When these figures are substituted, the numerical value of 
the exponent becomes:

36JT2/3 E r(l — a) k 36 x 1 x 4
---------------------= ------------- =  .214C2HN 9 x 75

and from equation (9) :

Ps =  0 /2) 214

From the accompanying graph, when x =  .214, then (l/£)x =  0.86. 
Therefore P8 =  0.86. Under these conditions 8 6 % of the U.S. 
force would be expected to survive the enemy attack.

These calculations can be repeated for various values of the 
parameters to determine the alternam es between hardness (H) , 
dispersai (k) , active defense (a) , reaction time (PL) , force size 
(Àr) and enemy capabilities (£, r, (>’, W), for fraction of force 
survival (P8) , or number of surviving missiles (ATPS) .

When costs of the various alternatives are known, the par-
ticular combinations and degrees of hardness, dispersai, active 
defense, reaction time, and force size can be chosen that wi\\ 
provide maximum survival at given cost or given survival at least 
cost.

h e question is often asked: Can our force survive 
highly accurate or high-yield weapons if it is based at fixed sites 
and makes no launchings prior to enemy attack? Further examina-
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tion of equations (9) and (10) will throw some light on this 
problem. If the CEP becomes very low (approaches zero) or the 
yield becomes very high, then, for reasonable values of the other

EQUA TIOXS OF FORCE SURVIVAL

^(megatons), X

terms, the exponent in the equation becomes very large and the 
term containing the exponent vanishes. The survival according 
to equation (9) then becomes zero. But this is for the case where
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there is one or more attacking weapons per site. When there are 
fevver attacking weapons than sites, equation (1 0 ) is applicable 
and, under these circumstances, becomes:

Ps =  1 -
Er (1 — a) k 

N
It is obvious from examination of this equation that a frac- 

tion of the force will still survive if the term Er (1 — a) k/N is less 
than 1. We have no control over the factors E and r, but we can 
make the whole term as small as possible by increasing air defense 
(a), decreasing concentration (k), or increasing force size (N) .

A careful cost analysis would be required to determine what 
emphasis should be given to each of these measures. The extreme 
difficulties and high cost of air defense against ballistic missiles are 
also pointed out by Colonel Shelton in the previously referenced 
article. However, it is obvious that if a great number of missiles 
can be dispersed to no more than one or two missiles at a point, 
then, regardless of the air defense capability and limitations of 
mobility and fast reaction, it would be highly costly for the enemy 
to prevent the term Er (1 — a) k/N from becoming less than unity. 
Further it would then be highly unlikely that the enemy could 
attack all targets over a very short period of time and thus some 
launching of U.S. missiles could occur before arrival of attack
( P l  >  0 )  .

It can be concluded that by proper planning and design of 
the force configuration survival is possible against highly accurate 
and high-yield enemy weapons. In the case just considered, this 
survival might dictate smaller, simpler, and less costly missiles 
which can be more widely dispersed and can be procured and 
operated in greater numbers without excessive cost or manpower.

Another possibility not included above might be to harden 
our sites to the point where H in the equations is high enough to 
offset the low value of C} so that the term containing the exponent 
in the equations does not vanish. Here again the cost and feasi- 
bility of such a measure must be determined and carefully weighed 
against the other measures.

^Al n o t h er  comparison that can be made by using the 
equations and substituting typical values is the relative cost and
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military value of hard and soft bases. A good measure of merit 
in designing a missile force is the cost per surviving missile rather 
than the cost per initial missile in the force. A force configuration 
which will give a low cost per surviving missile is obviously better 
than a configuration resulting in a high cost per surviving missile 
—other things such as logistics and operating simplicity being 
equal.

It would be useful to know how the cost of a hard base com-
pares to that of a soft base if they have equal measures of merit 
(cost per surviving missile). The following steps will give an 
indication. Let D equal the dollar cost of a missile force. It does 
not matter here whether this is a yearly cost, ten-year cost, or cost 
on some other time basis, since the time factor cancels out. The 
cost per surviving missile is D/NPg. For equal measures of merit:

( m d s o h  = ( m d  hard

EQUATIONS OF FORCE SURVIVAL

If the number of initial missiles is assumed to be the same for 
the two configurations, then:

( - § - ) soft' (ir)
D (soft) P8 (soft)

hard

D (hard) Pt (hard)

As a typical case, assume a fixed-base concept (Pj =  1) and a sur- 
prise attack (PL =  0) of one weapon per target, Er (1 — a) k/N =  1. 
Then from equation (8 ) :

P,(hard) =  (l/2)
P, (Soft) =  (l/j) 36»'2'Vc2«Mof,|

The ratio of costs is:

D (soft) Pa (soft)
D (hard) P (hard)

36 W2/3

=  m o (doft) //(hard))
Substituting values from the previous example of W =  1, C =  3, 
H (hard) =  75 psi and taking H (soft) =  3 psi as a typical soft 
base:

o \  3 75 / _D (soft) 
D (hard) = o/2) =  0 / 2 ) � 28 = .41 = 2.44



D (hard) =  2.44 D (soft)

or, under these conditions a 75-psi site would need to cost more 
than twice as much as a 3-psi site for equal measures of merit. In 
other vvords a 75-psi base would be better than a 3-psi base unless 
the 75-psi base cost more than twice as much as the soft base. 
Although no conclusions can be drawn from this one example, 
repeating the analyses and assigning various values to the parame- 
ters should provide a good feeling for the payoff in hardening mis- 
sile sites.

Another way in which these expressions may be used is to 
determine the relationship between hardness and dispersai for 
given survival. For example, take the previous case where Pj =  1 
and PL — 0 and equation (9) applies. If the survival is to remain 
the same under two separate conditions of hardness and dispersai 
(call them conditions 1 and 2), then the value of the exponent of 
1/2  must not change. If all the other terms in the exponent remain 
the same under the two conditions, then:

k 1   h 2
H~x = Th

Thus if the first condition is 5 missiles per site (kx — 5) and the 
second condition is 10 missiles per site {k2 =  10), then for equal 
survival:

h 2 =
and, under these circumstances, a 10-missile site must be twice as 
hard as a 5-missile site for equal force survival.

Only a few examples of the application of these fundamental 
equations of force survival have been shown. The equations can 
be used in many other ways to produce an indication of the rela- 
tionships and relative worth of the measures contributing to force 
survival. It is obvious that all the factors entering into force sur-
vival planning cannot be put into mathematical equations. But 
intelligent application of the relationships presented here will go 
a long way toward providing broad planning guidance.

Air Force Ballistic Missile Division, Hq ARDC



In My Opinion
CONTROL OF OUTER SPACE

C o l o n e l  M a r t i n  B. S c h o f i e l d

GR O W í N G  i n t e r e s t  in  th e  e x p l o r a t i o n  o f  s p a c e  a b o v e  th e  e a r t h s  a t-  
m o s p h e re  h a s  r a i s e d  th e  q u e s t io n  o f  w h a t  l im its ,  if  a n y , s h o u ld  b e  im - 

p o s e d  o n  th e  u se  o f  o u t e r  s p a c e  b y  r e a s o n  o f  n a t i o n a l  s o v e r e ig n ty .  W h i le  
i n t e r n a t i o n a l  la w m a k e r s  h a v e  s lo w ly  p o n d e r e d  th is  q u e s t io n ,  s c ie n c e  h a s  b e e n  
b u sy  c r e a t in g  th e  p o t e n t i a l  t re s p a s s  w i th  l i t t l e  r e g a r d  fo r  i ts  le g a l  a c c e p ta n c e .  
N o w  t h a t  s c ie n t if ic  e a r th  s a te l l i te s ,  p r o te c te d  b y  m u t u a l  a g r e e m e n t ,  h a v e  
a l r e a d y  su c c e ss fu lly  p e n e t r a t e d  th e  a s s u m e d  s p a c e  b o u n d a r ie s  o f  a l l  S ta tes  o n  
e a r th ,  th e  q u e s t io n  o f  le g a l i ty  a r is e s  c o n c e r n in g  s im i l a r  p e n e t r a t i o n  b y  o t h e r  
fo rm s  o f  sp a c e  v e h ic le s  n o t  c o v e re d  by  sp e c if ic  a g r e e m e n t .  F r o m  a  m i l i t a r y  
p o i n t  o f  v iew , u n r e s t r i c t e d  u se  o f  e i t h e r  a tm o s p h e r i c  o r  n o n a tm o s p h e r ic  
s p a c e  b y  m i l i t a r y  v e h ic le s  o f  o t h e r  S ta tes  w o u ld  u n d o u b t e d l y  p o s e  a  s e r io u s  
t h r e a t  to  o u r  n a t i o n a l  s e c u r ity .

E xten sion  o f Sovereign ty  in to  the A ir  Sp ace

As far back in history as four and one-half centuries before the Christian 
Era reference was made to “air space” as a question of law. One quotation 
appears:

The air should be open to the free use of all, and that it might be used freely as 
might the flowing water, the sea shores, and the sea.*

In those early days the air was thought of merely as a human commodity,
unrestricted and available to all. Much later in history, near the turn of our
century when the air was found to serve an entirely different function, re-
strictions as to its use appeared. The introduction of lighter- as well as
heavier-than-air conveyances made evident the need for international air
boundaries.

Prior to controlled flights of Von Zeppelin in 1900 and the Wright broth- 
ers in 1903, free balloon ascents were rather commonplace. Their unpre- 
dictable and irregular flight paths became the cause of the first international 
convention called to discuss State rights in the air space. A convention 
called by the French in 1889 as a result of German balloons descending on 
French territory revealed two schools of thought, one of which may be ac- 
credited as the basis of today’s international air law.

Cooper, "Rom an Law and the Maxim Cujus Est Solum in International Law,” 
AícGi// Law Journal, I (Autumn 1952), 16.





Two possible methods of segmenting space according to territorial boundaries of 
States or continents have been considered. One is by projection upward of the 
geographic boundaries (dotted Unes A—F and A'—F' for Country A; E—C and 
E'—C  for Country B) on parallel to a vertical halfway between them. The other 
is by radial verticais from the earth’s center through the geographic borders to in- 
fimty (sohd lines A—B and A '—B' for Country A; E—D and E'--D' for Country B). 
Under the first method the cross-section area of a nation’s air space would remain 
lhe same to mfinity, leaving wedges of unowned space between that claimed by 
contiguous nations. Withm that " no man’s space” a bomb could be dropped from 
1000 miles up and fali gravitationally 250 miles inside another nation's borders. 
Under the second method each nntion's air space would expand congruently as the 
radial boundary lines flare, leaving unowned space only above the open seas. Un-
der any method of segmenting space according to earth boundaries, a space ve- 
hicle would pass at will through the changing ownerships—unless of course it 
achieved the feat of staying within its own nation’s space borders, perhaps by 
spiraling and necessarily by taking into account the earth’s spinning. Obviously 
the observing or enforcing of boundary lines in space is difpcult up through the 50- 
mile zone, impossible 2000 miles up, and ridiculous to the stars and galaxies.
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e ig n ty  b ey o n c l th e  m a r i t im e  le a g u e . S o m e  in  C e n t r a l  a n d  S o u th  A m e ric a  
h a v e  m a d e  c la im s  e x c e e d in g  200  m ile s . T h e  b a s ic  p r a c t ic a l  r e a s o n  fo r  th e se  
e x te n s io n s  is a n  a p p a r e n t  f irm  b e l ie f  in  th e  a b i l i ty  to  c o n t r o l  th e  seas o u t  
b e y o n d  th e  t r a d i t i o n a l  l im it s  a n d  to  th e  l im it s  c la im e d .

T h e  g r e a te s t  s in g le  s p u r  to w a r d  la rg e -s c a le  a b a n d o n m e n t  o f  th e  th re e -  
m i le  l im i t  d e v e lo p e d  in  1956 a t  G e n e v a  d u r i n g  th e  E ig h th  A n n u a l  S ess io n  o f 
th e  U n i t e d  N a t io n s  I n t e r n a t i o n a l  L a w  C o m m is s io n .  A r t ic le  3 s u b m i t t e d  to  
th e  U n i t e d  N a t io n s  b y  th e  c o m m is s io n  re a d s :

1. The Commission recognizes that international practice is not uniform as regards 
the delimitations of the territorial sea.

2. The Commission considers that international law does not permit an extension 
of the territorial sea beyond 12 miles.

3. T h e  C om m ission, w ith o u t ta k in g  any decision as to  the  b re a d th  o f the  te r r ito r ia l 
sea up  to  th a t l im i t ,  notes on the one hand th a t m any States have fixed  a b re a d th  
grea te r than  three m iles and, on  the  o th e r hand , th a t m any States do n o t recognize 
such a b read th  when th a t o f  th e ir  ow n te r r ito r ia l sea is less.

4. The Commission considers that the breadth of the territorial sea should be fixed 
by an international conference.

A b a n d o n m e n t  o f  th e  th r e e - m ile  l im i t  is a p p a r e n t l y  in  i ts  f in a l  s ta g e s . L ess 
t h a n  25 o f  th e  w o r ld ’s 5 9  l i t t o r a l  n a t io n s  a r e  h o l d in g  w i th  th e  t r a d i t i o n a l  
t e r r i t o r i a l  w a te rs .

T h e  U n i t e d  S ta te s  se t o ff i n t e r n a t i o n a l  r e p e r c u s s io n  in  1945 w h e n  P re s i-  
d e n t  T r u m a n  is su e d  tw o  p r o c la m a t io n s  s t r e n g t h e n i n g  A m e r ic a n  in te r e s t s  in  
th e  C o n t i n e n t a l  S h e lf .*  O n e  d e c la r e d  th e  n a t u r a l  r e s o u rc e s  o f  th e  S h e lf  to  
a p p e r t a i n  to  th e  U n i t e d  S ta te s  a n d  to  b e c o m e  s u b je c t  to  i ts  j u r i s d i c t i o n  a n d  
c o n t r o l .  T h e  o t h e r  a s s e r te d  th e  r i g h t  to  e s ta b l is h  f is h in g  c o n s e r v a t io n  zo n e s  
in  th e  se a  a r e a s  a d j o i n i n g  th e  c o a s t l in e .  T h u s  a d d i t i o n a l  ju s t i f i c a t io n s  h a d  
b e e n  a d v a n c e d  o th e r  t h a n  th e  n a t i o n a l  s e c u r i ty  fo r  s u b s ta n t i a l l y  e x t e n d in g  
th e  s o v e r e ig n  in te r e s t s  o u t  to  sea .

R e c e n t  e x te n s io n s  o f  U .S . a i r  b o u n d a r i e s  s e a w a rd  b y  e r e c t in g  “ T e x a s  
to w e r s ” a n d  b y  e m p lo y in g  a i r b o r n e  e a r ly - w a r n in g  a i r c r a f t  a lo n g  th e  C oastal 
a r e a s  a r e  e x a m p le s  o f  e x te n s io n s  o f  s o v e r e ig n ty  in  th e  in t e r e s t  o f  n a t io n a l  
s e c u r i ty .  S o m e  o f  th e  to w e rs  a r e  e r e c te d  a s  m u c h  as 100 m ile s  o ff th e  c o a s t, y e t 
a r e  n o t  v ie w e d  as a d d i t i o n a l  a s s e r t io n  o f  t e r r i t o r i a l  s o v e r e ig n ty  in  th e  sea . 
A i r b o r n e  e a r ly  w a r n in g  e x c e e d s  th is  d is t a n c e .  S u c h  e x te n s io n s ,  h o w e v e r ,  a r e  
c la s s if ie d  as a s s e r t io n s  o n ly  o f  “ s p e c ia l - p u r p o s e  c o n t r o l . ” I n  o t h e r  w o rd s , 
th e y  a r e  d i r e c t e d  to w a r d  a  s in g le ,  s p e c if ic  p u r p o s e  a n d  d o  n o t  a m o u n t  to  a  
b l a n k e t  c la im  o f  j u r i s d i c t i o n .  H e n c e  th e y  a r e  n o t  p r e s u m e d  to  a ffe c t U .S . 
r e c o g n i t i o n  o f  th e  e x t e n t  o f  i ts  t e r r i t o r i a l  w a te r s ,  w h ic h  c o n t in u e s  to  b e  
t h r e e  m ile s .

T h e  “ sp e c if ic  p u r p o s e ” o f  th e  T e x a s  to w e rs  is th e  e x te n s io n  o f  LbS. a i r  
b o u n d a r i e s  f o r  th e  p u r p o s e  o f  m o r e  e f fe c t iv e  a i r  d e f e n s e  c o n t r o l .  I n  th e  
in te r e s t s  o f  n a t i o n a l  s e c u r i ty ,  d e t e c t io n  a n d  i d e n t i f i c a t io n  o f  h ig h -s p e e d  
m o d e r n  a i r c r a f t  a r e  r e q u i r e d  a t  d is ta n c e s  o f  s e v e ra l  h u n d r e d  m ile s  f r o m  U .S . 
C o as ta l a r e a s .  S u c h  e x te n s io n s  a r e  m a d e  to  s a tis fy  S ta te  in te r e s t s .  T h e y  g iv e  
c o n s id e r a t io n  to  d e c is io n s  o f  i n t e r n a t i o n a l  la w  o n ly  as a  s e c o n d a r y  r e f le c t io n .  
S im i la r ly ,  e x te n s io n  o f  s o v e r e ig n ty  a b o v e  th e  e a r t h ’s a tm o s p h e r e  w ill  u n -

*T h e  Continental Shelf is fixed by the so-callcd “ 100-fathom curve and may extend any- 
where from 5 to 120 miles off shore.



d o u b te d ly  b e  m a d e  e i t h e r  to  e n h a n c e  s c ie n t if ic  p ro g r e s s  o r  to  m e e t  tb e  t h r e a t  
o f  a d v a n c e d  w e a p o n  sy s te m s  o f  g r e a t e r  s p e e d s  a n d  a l t i tu d e s .

space laiu and state sovereignty

T h e  e x te n s io n s  o f  s t a te  s o v e r e ig n ty  b e y o n d  th e  a i r  b o u n d a r i e s  a n d  g e o - 
g r a p h ic a l  l im it s  o f  a  s t a te  h a v e  n o t  t h u s  f a r  b e e n  k n o w n  to  c o n f l ic t  a p p r e c ia -  
b ly  w ith  th e  r ig h ts  a n d  b o u n d a r i e s  o f  s u b j a c e n t  S ta tes . N e i t h e r  h a v e  th e y  
b e e n  k n o w n  to  o v e r la p  th e  e x te n s io n s  o f  a d j o i n i n g  S ta te s  e x c e p t  in  in s ta n c e s  
o f  a s s u r in g  b o th  p a r t i e s  in  t h e i r  m u t u a l  i n t e r e s t .  H o w e v e r  t h e  a p p e a r a n c e  
o f  a  n e w  f o r m  o f  v e h ic le ,  th e  e a r t h  s a t e l l i t e ,  h a s  c r e a te d  a n  e n t i r e ly  d i f f e r e n t  
p r o b le m  b e c a u s e  o f  th e  n a t u r e  o f  i ts  t r a je c to r y .  S u c h  t r a j e c t o r i e s  d is p la y  
t r e m e n d o u s  s p e e d  in  a n  o r b i t a l  f l ig h t  p a t h  a b o u l  t h e  e a r t h  to  a t t a i n  s u ff ic ie n t 
c e n t r i f u g a i  fo rc e  o u t w a r d  to  o f fse t  t h e  fo rc e  o f  th e  e a r t h ’s g r a v i ty .  T h i s  
fo rm  o f  f l ig h t  r e q u i r e s  n o  r e a c t i o n  f r o m  th e  a i r  e x c e p t  d u r i n g  th e  i n i t i a l  
s ta g e  o f  t r a je c to r y  in  a p p r o a c h i n g  o r b i t a l  a l t i t u d e .  O n c e  th e  v e h ic le  o r  
o b je c t  is e s ta b l i s h e d  o n  i ts  o r b i t  in  s p a c e , i t  m a y  b e  s a id  to  b e  in  a  s ta te  o f  
f r e e  fa l i ,  a n d  c o n t r o l  in  r e l a t i o n  to  i ts  t r a c k  o v e r  t h e  s u r f a c e  o f  th e  e a r th  is 
r e l i n q u i s h e d .  I n  t h e  a b s e n c e  o f  a  g u id a n c e  s y s te m  s u c h  a  s p a c e  o b j e c t  p a y s  
l i t t l e  r e s p e c t  to  s o v e r e ig n  s t a te  b o u n d a r i e s ,  as  i ts  o r b i t  in  s p a c e  r e m a i n s  i n d e ­
p e n d e m  o f  t h e  e a r t h ’s r o t a t i o n  a n d  i t  t h e r e b y  e s ta b l is h e s  a  n e w  t r a c k  fo r  
e a c h  r e v o l u t i o n  in  o r b i t .

A l t h o u g h  v e ry  l i t t l e  t h o u g h t  m a y  h a v e  y e t  b e e n  g iv e n  to  t h e  q u e s t i o n  o f  
s ta te  s o v e r e ig n ty  a b o v e  th e  e a r t h ’s a tm o s p h e r e ,  i t  m a y  b e  e x p e c te d  t h a t  th e  
i n t r o d u c t i o n  o f  n u m e r o u s  o b je c t s  p a s s in g  a t  r a n d o m  o v e r  a l l  s o v e r e ig n  S ta tes  
a t  v a r y in g  a l t i t u d e s  a n d  d i r e c t io n s  w i l l  r a i s e  q u e s t i o n s  as to  t h e  le g a l i ty  o f  
t h e i r  t re s p a s s .

T h e  d is t a n c e  a t  w h ic h  a n  o b je c t  p a s se s  a b o v e  a  s t a t e ’s n a t i o n a l  a i r  s p a c e  
a p p e a r s  to  b e  o n e  o f  th e  m a in  f a c to r s  w h ic h  w il l  d e t e r m i n e  i ts  le g a l i ty .  A n  
i n d i v i d u a l  e a r t h  s t a t e  w o u ld  n o t  l ik e ly  c o n s id e r  a n  o b j e c t  o r b i t i n g  a b o u t  th e  
m o o n  a s  a n  e n c r o a c h m e n t  u p o n  i ts  p a r t i c u l a r  t e r r i t o r i a l  s o v e r e ig n ty  o r  n a ­
t io n a l  a i r  s p a c e . A t  th e  o t h e r  e x t r e m e  i t  m ig h t  r e g a r d  a n  o b j e c t  p a s s in g  
o v e r  i ts  t e r r i t o r i a l  b o u n d a r i e s  a t  a n  a l t i t u d e  o f  o n ly  20  m i le s  a s  a q u i t e  
d i f f e r e n t  m a t t e r —t h a t  a t  le a s t  d u r i n g  t h e  t im e  t h e  o b j e c t  p a s s e d  w i t h i n  i ts  
p a r t i c u l a r  n a t i o n a l  a i r  s p a c e  b o u n d a r i e s  t h e  t h r e a t  w as  lo c a l iz e d  a n d  r e l a t e d  
o n ly  to  its  o w n  p e c u l i a r  i n t e r e s t .
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T h is  in terest is no t suffic ient to  establish a spccial rc la lio n s h ip  in  lhe  previous sense 
between ou te r space and lh e  te r r ito r ia l l i in its  o f a State. N o r can o u te r space from  a 
constructive  legal p o in t o f view  fo rra  a p a rt o f th a t le r r i to ry  in  w h ich  lh e  sovere ign ly o f 
a State extends. T h e  exercise o f sovereignty over its te r r ito ry  by a siatc is based on tw o 
p rcrequ is itcs: I t  m ust deal w ith  a space w ith  d e lim ita b le -e v e n  i f  no t v is ib le -b o rd c rs .
In  the second place, lh e  po ss ib ility  o f cxerc is ing  "e ffe c live  sove re ign ly ”  m ust exist. 
N e ith e r p re rcqu is ite  is a p p licab le  to  o u te r space. In  the  present State o f the  arts it  
w ou ld  be im possible to  establish d e fin ite ly  w h c th e r an occurrence in  o u te r space had 
transp ired  over the boundaries o f a specific State even i f  the presuraed boundaries  o f the 
State were de lineated in  a p lane in  o u te r space. T h e  boundaries  o f a State cannot be 
d e fin ite ly  established as one moves o u tw a rd  in to  space fro m  the surface o f the  ea rth , 
as w o u ld  be the case in  o u te r space.*

In summary, the limitations that have been encountered in air travei 
by the recognition of State boundaries and unquestionable existence of State 
sovereignty in air space lose their identity somewhere in the upper limits 
of the earth’s atmosphere. Although the dividing line is not yet clearly es 
tablished, the absence of State sovereignty in space is easily comprehended 
when examining a state’s jurisdiction in remote areas of space that are con- 
tiguous to other planets rather than to the earth.

L im i ts  o f  s o v e r e ig n ty  as e x p re s s e d  h e r e  a r e  in  n o  w ay  r e l a t e d  to  th e  
r ig h ts  o f  a  S ta te  to  d e f e n d  i ts  s o v e r e ig n ty  th r o u g h  a c t io n  o u t s id e  its  re c o g -  
n iz e d  b o u n d a r ie s .  T h i s  is a  c o m m o n  p r a c t ic e  a m o n g  S ta tes  to d a y  a n d  w ill  
a lw a y s  b e  c o n s id e r e d  a n  i n h e r e n t  r i g h t  o f  a  s o v e r e ig n  S ta te  r e g a r d le s s  o f  th e  
lo c a t io n  o f  th e  t h r e a t  in  s p a c e , in  th e  e a r t h ’s a tm o s p h e r e ,  o r  o n  th e  s u r f a c e  
o f  th e  e a r th .

I n  g e n e r a l  th e n ,  th e  a b s e n c e  o f  S ta te  s o v e r e ig n ty  in  I n t e r n a t i o n a l  s p a c e  
m e re ly  r e s t r ic ts  a  S ta te  f r o m  e x e r c i s in g  c o n t r o l  o v e r  v e h ic le s  o f  a n o t h e r  s ta te  
u n le s s  m a t te r s  o f  n a t i o n a l  s e c u r i ty  a r e  in v o lv e d .  I f  s a fe ty  is to  b e  p r o v id e d  
fo r  in  th e  f r e e  u se  o f  s p a c e  a n d  if  i n t e r n a t i o n a l  d i s p u te s  a r e  to  b e  r e s o lv e d , 
i t  is a p p a r e n t  a n  e f fe c tiv e  i n t e r n a t i o n a l  b o d y  s h o u ld  b e  o r g a n iz e d  to  d e t e r ­
m in e  th e  ty p e  o f  c o n t r o l  n e e d e d  in  r e g u l a t i n g  th e  u se  o f  sp a c e . T h e  a g e n c y  
g iv e n  th is  r e s p o n s ib i l i ty  s h o u ld  h a v e  n o t  o n ly  th e  a u t h o r i t y  to  r e g u la te  th e  
u se  o f  s p a c e  b u t  a lso  h a v e  th e  c o l le c t iv e  fo rc e , m i l i t a r i ly  c a p a b le  o f  e n f o r c in g  
th e  i n t e r n a t i o n a l  r e g u la t io n s  a d o p te d .  A c tu a l ly  t im e  is r u n n i n g  o u t  fo r  th e  
f o r m u la t io n  o f  s u c h  c o l le c t iv e  s e c u r i ty .  I n t e r n a t i o n a l  a g r e e m e n ts  m u s t  b e

r e a c h e d  b e fo re  space capabilities are so com m onplace t h a t  a belligerent na- 
tion could stand in the way of form ing harm onious Controls.

Military I mplications of  U nlim ited  U se  of  Space

L o n g - ra n g e  b a l l is t i c  m is s ile s  a n d  th e  s c ie n t if ic  e a r t h  s a te l l i t e s  h a v e  
s t im u la te d  th e  im a g in a t io n  as to  w h a t  th e  f u t u r e  m a y  h o ld  in  th e  w ay  o f  
a d v a n c e d  w e a p o n  sy s tem s. T h e  a d v e n t  o f  th e s e  S ystem s h a s  d r a w n  s e r io u s  
a t t e n t i o n  to  t h e i r  p o t e n t i a l  a s  lo n g - r a n g e  n u c le a r  w e a p o n  c a r r ie r s .  S e v e ra l  
a p p l ic a t io n s  o f  a d v a n c e d  sy s te m s  h a v e  b e e n  e n v i s io n e d :

•  T h e  u se  o f  a n  e a r th  s a te l l i t e  as  a r e c o n n a is s a n c e  v e h ic le  w o u ld  
p r o v id e  in te l l ig e n c e  d a t a  o f  th e  h ig h e s t  o r d e r  o f  c o v e ra g e  a n d  r e l ia b i l i ty .  
R e c o n n a is s a n c e  in  th e  fo rm  o f  c o n s t a n t  s u r v e i l l a n c e  w o u ld  p r o v id e  m i l i t a r y  
in f o r m a t io n  h e r e to f o r e  b e y o n d  c a p a b i l i t i e s .  W e a t h e r  a n d  e le c t r o n ic  re c o n -  

* Ibid.
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r e f e r r e d  to  as a w o r ld  b a la n c e  o f  p o w e r ;  y e t , a s  th e  te r m  d e te r r e n c e  sug- 
g es ts  to d a y , i t  r e p r e s e n ta  a  b a la n c e  b e tw e e n  th e  tw o  m a jo r  p o w e rs  w h ic h  
le a v e s  th e  le sse r  p o w e rs  to  j o i n  w ith  a n d  b e  g u id e d  b y  th e  w il l  o f  w h ic h e v e r  
d o m in a t in g  l e a d e r  th e y  c h o o s e  o r  a r e  fo rc e d  to  jo in .

A t  th e  sa m e  t im e  i t  is w i th in  th e  im a g in a t io n  to  fo re s e e  th e  d a y  w h e n  
te c h n o lo g y  w ill  p e r m i t  le s se r  p o w e rs  to  e q u i p  th e m s e lv e s  w i th  n u c le a r  sp a ce -  
w e a p o n  sy stem s p r o v i d i n g  s ig n i f ic a m  in f lu e n c e  u p o n  th e  l a r g e r  p o w e rs . 
T h i s  w ill  b e c o m e  p o s s ib le  as  t h e  r a t io  o f  d e s t r u c t iv e  fo rc e  p e r  d o l l a r  c o n ­
t in u e s  to  in c re a s e . W i t h o u t  r e a c h in g  to o  f a r  i n t o  th e  f u t u r e  i t  m a y  e v e n  
b e  a s s u m e d  t h a t  th e  m o re  o r  less in s ig n i f ic a n t  m i l i t a r y  p o w e rs  o f  to d a y  m a y  
re a c h  so m e  fo rm  o f  p a r i t y  w i th  th e  l a r g e r  p o w e rs  t h r o u g h  t h e i r  w a r - d e te r r in g  
c a p a b i l i ty .  T h e  c a p a b i l i ty ,  i f  a t t a i n e d  b y  th e  s m a l le r  S ta tes , m a y  n o t  n eces- 
s a r i ly  c o n s t i tu te  a  m a jo r  t h r e a t ,  b u t  i t  m a y  b e  e n t i r e ly  a d e q u a t e  to  p e r m i t  a  
p a r t i c ip a t io n  in  p o w e r  p o l i t i c s  a p p r o a c h i n g  t h a t  o f  th e  m a j o r  m i l i t a r y  p o w ­
e rs . T h i s  p o s s ib le  f u t u r e  s i t u a t io n  m ig h t  t h e n  b e  r e f e r r e d  to  a s  a  t r u e  w o r ld  
b a la n c e  o f  p o w e r . A s s u m in g  s u c h  a  b a la n c e  is f e a s ib le ,  th e  s i tu a t io n  th e n  
su g g e s ts  th e  d e s i r a b i l i ty  o f  e s t a b l i s h in g  a  f o r m  o f  c o n t r o l  e a r ly  in  th e  e r a  
o f  s p a c e  t r a v e i  w h i le  b u t  a  fe w  p o w e rs  c a r ry  th e  w e ig h t  o f  i n t e r n a t i o n a l  
in f lu e n c e .

A n  e a r ly -d a y  m o n o p o ly  in  th e  f ie ld  o f  a v ia t io n  in s p i r e d  th e  F r e n c h  to  
a d v o c a te  “ f r e e d o m  o f  th e  a i r  s p a c e ” r e g a r d le s s  o f  t e r r i t o r i a l  s o v e r e ig n ty .  A  
c o m p a r a b le  f e e l in g  o f  l e a d e r s h ip  in  th e  a i r  to d a y  h a s  i n s p i r e d  th e  U n i t e d  
S ta te s  to  a d v o c a te  s t r o n g ly  th e  p o l ic y  o f  ‘‘o p e n  s k ie s ” in  w h ic h  to  e m p lo y  
a v ia t io n  to  i ts  g r e a te s t  a d v a n ta g e .  T h i s  p o s i t io n ,  p r e s e n t ly  h e ld  b y  th e  
U n i te d  S ta te s , w h e n  t r a n s la t e d  i n t o  th e  f r e e  u se  o f  s p a c e  m ig h t  n o t  b e  w ise  
u n d e r  th e  a s s u m p t io n  a b o v e  t h a t  a  t r u e  b a la n c e  o f  p o w e r  m a y  e x is t  so m e - 
t im e  in  th e  f u tu r e .  I n  p l a i n e r  w o rd s , th e  p r e s e n c e  o f  a v a r ie ty  o f  d e v a s t a t in g  
m i l i t a r y  fo rce s , o f  m a n y  s o v e re ig n  S ta tes , c o n s t a n t l y  d e p lo y e d  t h r o u g h o u t  
i n t e r n a t i o n a l  a n d  o u t e r  sp a c e , m a y  n o t  b e  c o n d u c iv e  to  p e a c e f u l  l iv in g .  
S u c h  a  c o n d i t i o n  o f  b a la n c e  m ig h t  t h e n  b e  c o m p a r a b le  to  th e  s i t u a t io n  in  th e  
o ld  W e s t  w h e re  a g g re s s io n  a p p e a r e d  a t t r a c t iv e  f o r  th e  “ f a s te s t  g u n . ”

S u c h  a  b a la n c e  is to o  c r i t i c a i .  I t  m ig h t  b e  s o u n d e r  f o r  th e  U n i t e d  
S ta te s , w h ile  i t  is a n  e a r ly  c o n t e n d e r  in  th e  e x p l o r a t i o n  o f  s p a c e , to  u se  its  
p o s i t io n  to  in f lu e n c e  to  th e  b e s t  a d v a n ta g e  b y  s t r o n g ly  a d v o c a t in g  a f o r m  o f  
i n t e r n a t i o n a l  c o n t r o l  o v e r  th e  u s e  o f  s p a c e . A  f o r m  o f  c o n t r o l  s h o u ld  p ro v e  
a t t r a c t iv e  to  S ta tes  t h a t  p o ssess  l i t t l e  m i l i t a r y  s t r e n g t h  b u t  a s t r o n g  d e s ir e  
fo r  n a t io n a l  s e c u r i ty .  I f  t h e  f e e l in g  is p r e v a le n t ,  e v e n  th e  S o v ie t  U n io n  
m ig h t  f in d  th e  p r o p o s a l  a t t r a c t iv e  a f t e r  a p p r e c i a t i n g  th e  c o l le c t iv e  m i l i t a r y  
fo rc e  t h a t  c o u ld  b e  b r o u g h t  to  b e a r  a g a in s t  it. F u l l  r e a l i z a t io n  o f  th is  c o l ­
le c t iv e  p o w e r  m ig h t  fo rc e  th e  S o v ie t  U n i o n  to  b e  c o n t e m  w ith  o t h e r  m e a n s  
o f  s e e k in g  w o r ld  d o m in a t i o n .

A  Position on the International U se  of Space

O u r  p o s i t io n  r e g a r d in g  th e  i n t e r n a t i o n a l  u se  o f  s p a c e  m u s t  be  r e a l i s t i c  
r a t h e r  th a n  U to p ia n  a n d  c o n s i s t e m  w ith  e s ta b l is h e d  n a t i o n a l  o b je c t iv e s .





D e f in it io n s  o f  S p a c e  S t r a t a

Three practical definitions for the division of space are proposed 
for adoption by the Air Force and by any international body con- 
cerned with the use and control of space:

national air space — the area bounded by the geographic borders 
of a State extended along radial lines considered to originate at 
the earth's center to terminate at a height of 50 nautical miles 
above mean sea levei. The figure of 50 miles was arrived at as the 
useful altitude at which aircraft may operate that depend on reac- 
tion of the air for lift and control and which is adequate to permit 
free operation of air contrivances of advanced design around the 
earth's surface without serious restriction as to speed and navigation. 
Also by this limit a portion of atmospheric density above national 
air space is available in which free-fall vehicles can decelerate and 
assume a glide path comparable to that of powered aircraft before 
re-entry into the national air space of a sovereign State. State 
sovereignty is implicit in the term "national air space." All air space 
above international waters would remain international as now 
recognized by the International Civil Aviation Organization.

international space — that area of space between 50 and 2000 nau­
tical miles above mean sea levei, without regard to national bound- 
aries. Within this layer will fali the great number of vehicular and 
orbital trajectories. Ballistic missiles aimed halfway around the earth 
need not exceed an altitude of 2000 miles. This height is sufficient 
for trajectories incident to the launching of orbital vehicles of a 
permanent nature. Powered space vehicles could establish orbits 
or flight paths within international space and depart outward or 
return to earth as desired. Operations within this space are con­
sidered more pertinent to earth than to other planets or to inter- 
planetary space travei.

outer space — that area of space beyond 2000 miles, to infinity.
This definition is useful militarily as meaning the region where 
operations are not closely earth-associated but are more related to 
interplanetary transit.
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g r o u n d w o r k  o f  c o m m o n  u n d e r s t a n d i n g  a n d  m u t u a l  in te r e s t  h a s  b e e n  la id  
a n d  th e  n a t u r e  o f  th e  n e w  t h r e a t  is g e n e r a l ly  u n d e r s to o d  b y  a ll .  T h e r e f o r e  
a  p r o p o s a l  b y  th e  U n i t e d  S ta te s  fo r  i n t e r n a t i o n a l  c o n t r o l  s h o u ld  p ro v e  a t- 
t r a c t iv e  to  a m a jo r i ty  o f  S ta tes .

W h a t  w o u ld  b e  th e  p o s i t io n  o f  th e  c o n t r o l l i n g  a g e n c y  to w a r d  th o se  
S ta tes  n o t  in  a g r e e m e n t  to  a  fo rm  o f  i n t e r n a t i o n a l  c o n tro l?  H e r e  th e  d e c is io n  
to  fo rc ib ly  p r o te c t  th e  s e c u r i ty  in te r e s t s  o f  th e  m a jo r i ty  w o u ld  h a v e  to  b e  
m a d e .  I t  is q u e s t i o n a b l e  w h e th e r  s u c h  a  d e c is io n  c o u ld  b e  r e a c h e d  in  th e  
U n i t e d  N a t io n s ,  b u t  i t  is b e c o m in g  in c re a s in g ly  a p p a r e n t  t h a t  th e  t h r e a t  o f 
th e  e m p lo y m e n t  o f  s a te l l i t e s  a n d  o t h e r  s p a c e  v e h ic le s  in  m i l i t a r y  ro le s  so o n  
a f t e r  t h e  I n t e r n a t i o n a l  G e o p h y s ic a l  Y e a r  m a y  a l t e r  th e  r e s i s t in g  s id e  o f  
w o r ld  o p i n io n ,  as it  is k n o w n  to d a y ,  a n d  p r o d u c e  a  d i f f e r e n t  c o n c e p t  o f  
c o o p e r a  t io n .

Evaluation Staff, Air War College

D E F E N S E  IS  N O T  P R O F I T  A N D  L O S S

C o l o n e l  A l b e r t  S. R a u d a b a u g h

T
H E R E  is a n  o ld  s to ry  in  t h e  A ir  F o rc e  a b o u t  a  b a s e  c o m m a n d e r  w h o se  
u n i t  w as h a v in g  m o re  t h a n  its  s h a r e  o f  a i r c r a f t  a c c id e n ts .  H ig h e r  h e a d -  
c ju a r te r s  w as o n  h is  b a c k .  F in a l ly  in  d e s p e r a t io n  h e  p u t  o u t  a n  o r d e r :  “T h e r e  

w il l  b e  n o  m o r e  a i r c r a f t  a c c id e n ts  o n  th i s  b a s e .” T h e  s to ry  is p r o b a b ly  f ic tio n . 
A t  le a s t  it o u g h t  to  b e . Y et in  a n  e x t r e m e  fo rm  i t  d o e s  i l l u s t r a te  th e  h u m a n  
t e n d e n c y  to  s o lv e  a  p r o b le m  b y  a p p l y i n g  s o m e  s o r t  o f  C o n tro ls  o r  law  th a t  
w o r k e d  v e ry  w e ll fo r  a n o t h e r  p r o b le m  in  a n o t h e r  k in d  o f  e n v i r o n m e n t  b u t  
t h a t  is c o m p le te ly  u n s u i t e d  to  th is  p r o b le m  in  its  e n v i r o n m e n t .

N o w h e r e  h a s  th i s  t e n d e n c y  b e e n  m o r e  e v i d e n t  t h a n  in  th e  a r e a  o f  fiscal 
C o n tro ls  p r o c e d u r e s  in  t h e  m i l i t a r y  e s t a b l i s h m e n t .  D u r in g  th e  p a s t  e ig h t  to  
t e n  y e a rs  m u c h  p r e s s u r e  h a s  b e e n  p u t  o n  th e  m i l i t a r y  e s ta b l i s h m e n t  to  u se  
b u s in e s s  p r in c ip i e s  a n d  p r o c e d u r e s .  N o  o n e  c a n  q u e s t io n  th e  w o r th  o f  th e s e  
p r o c e d u r e s  in  th e  b u s in e s s  w o r ld .  T h e  g r o w th  o f  A m e r ic a n  in d u s t r y  h a s  
b e e n  p h e n o m e n a l  d u r i n g  th e  p a s t  d e c a d e .  H o w e v e r  th e r e  a r e  c e r ta in  f u n d a ­
m e n ta l  d if f e r e n c e s  b e tw e e n  a  m i l i t a r y  o r g a n iz a t io n  a n d  a b u s in e s s  o rg a n iz a -  
t io n .  T h e s e  f u n d a m e n t a l  d i f f e r e n c e s  m u s t  b e  r e c o g n iz e d .  T h e  p re m is e  t h a t  
“ w h a t  is g o o d  f o r  b u s in e s s  is g o o d  fo r  th e  m i l i t a r y ” is n o t  n e c e s s a r i ly  v a l id  
in  a ll  in s ta n c e s .
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R e c e n t ly  th e  A ir  F o rc e , a lo n g  w i th  o t h e r  G o v e r n m e n t  d e p a r t m e n t s ,  h a s  
b e e n  r e q u i r e d  to  in s ta l l  a n  a c c r u a l  a c c o u n t in g  sy s te m  in  a d d i t i o n  to  i ts  o th e r  
a c c o u n t in g  a n d  fiscal p ro c e d u r e s .  T h e  p r im a r y  a r g u m e n t  in  its  f a v o r  w as t h a t  
i t  h a d  b e e n  a n  in d i s p e n s a b le  to o l  o f  b u s in e s s  m a n a g e m e n t  in  r e í le c t in g  p ro f i t  
a n d  loss.

T h e  f u n d a m e n ta l  f in a n c ia l  c o n t r o l  sy s te m  o f  b u s in e s s  is a c c r u a l  a c c o u n t ­
in g . I t  is a  c a lc u la t iv e  s e rv ic e  t h a t  re c o rd s ,  c la ss ifie s , a n d  p e r io d ic a l ly  su m - 
m a r iz e s  a c t iv i t ie s  in  te rm s  o f  d o l la r s ,  th e  f u n d a m e n t a l  r e q u i r e m e n t  b e in g  to  
p la c e  in c o m e  a n d  e x p e n s e s  in  a  t im e  p e r io d ,  g e n e r a l ly  m o n th ly ,  in  w h ic h  th e y  
a r e  c o n s u m e d  o r  u s e d . A c c ru a l  a c c o u n t in g  h a s  s e rv e d  b u s in e s s  w e ll . B u t  th is  
d o e s  n o t  n e c e ssa r ily  m e a n  i t  c a n  b e  t r a n s f e r r e d  in  to t a l  to  th e  m i l i t a r y  w ith  
th e  s a m e  e n d  r e s u l t .  I n  fa c t  th e  d i r e c t  t r a n s f e r  o f  a  b u s in e s s - ty p e  a c c ru a l  
a c c o u n t in g  sy s tem  to  th e  m i l i t a r y  m a y  h a v e  u n f a v o r a b le  r e s u l ts  b e c a u s e  i t  
c o u ld  c a u se  p e r s o n n e l  to  b e  n e e d le s s ly  a s s ig n e d  a n d  c o u ld  p r o v o k e  e r r o n e o u s  
c o n c lu s io n s  t h a t  w o u ld  h a v e  a h a r m f u l  e ffe c t o n  th e  m i l i t a r y .

W h a t  a r e  th e  m a jo r  d e f ic ie n c ie s  in  a  b u s in e s s  a c c o u n t in g  sy s te m  w h e n  
a p p l i e d  to  th e  m i l i ta r y ?  W h a t  is th e  m in im u m  f in a n c ia l  a c c o u n t in g  sy s tem  
n e c e ssa ry  f o r  th e  A ir  F o rc e ?  A n y  p e r s o n  a s s ig n e d  to  m i l i t a r y  a c c o u n t in g  w h o  
is n o t  m a te r ia l ly  p r o d u c t iv e  is w a s te fu l  to  th e  A ir  F o rc e  a n d ,  c o n s e q u e n t ly ,  to  
th e  d e f e n s e  o f  o u r  n a t i o n  w h e n  m a n p o w e r  is l im i te d .

the pressure for accrual accounting

W h e n  d o l la r s  e n t e r  i n t o  th e  o p e r a t i o n  o f  a n y  o r g a n iz a t io n ,  a n  a c c o u n t in g  
r e q u i r e m e n t  is e s ta b l is h e d .  A t  th e  s a m e  t im e ,  b e c a u s e  a c c o u n t in g  is a  s e rv ic e , 
th e  m in im u m  o f  e f fo r t  s h o u ld  b e  d e v o te d  to  i t ,  w i th  th e  m a x im u m  e f to r t  go- 
in g  to  th e  o p e r a t io n a l  s id e  o f  th e  o r g a n iz a t io n .  A n  a c c o u n t in g  s e rv ic e  s h o u ld  
b e  p r o d u c t iv e  a n d  f u r n i s h  d e f in i te  a s s is ta n c e  to  th e  o p e r a t i o n a l  s id e .

T h e  firs t p r e s s u re  o n  th e  A ir  F o rc e  is to  a c c o u n t  to  C o n g re s s  fo r  th e  
m o n e y  a p p r o p r i a t e d .  T h e s e  a r e  t a x p a y e r s ’ d o l l a r s  a n d  a r e  h e ld  in  t r u s t  b y  
th e  A ir  F o rc e . A n  a c c o u n t in g  sy s te m  h a s  b e e n  in  u se  f o r  m a n y  y e a rs  to  
a c c o u n t  fo r  th e s e  f u n d s .  T h i s  sy s te m  is k n o w n  b y  v a r io u s  n a m e s , s u c h  as a n  
a p p r o p r i a t i o n  a c c o u n t in g  sy s tem , a  fiscal a c c o u n t in g  sy s te m , o r  a n  a c c o u n t in g  
sy s te m  o n  a  cash  b as is . A p p r o p r i a t e d  f u n d s  a r e  o b l ig a t e d  a t  th e  t im e  a f irm  
c o n t r a c t  is a s s u m e d  by  th e  G o v e r n m e n t .  T h e  f u n d s  a r e  t h e n  e x p e n d e d  a t  th e  
t im e  th e  c o n t r a c t  is c o m p le te d  o r  a t  s u c h  o t h e r  t im e s  as m a y  b e  s p e c if ie d  in  
th e  c o n t r a c t .  T h i s  sy s te m  a c c o u n ts  f o r  a l l  th e  d o l l a r s  e x p e n d e d  by a n y  
G o v e r n m e n t  d e p a r t m e n t .  O n c e  a n  i te m  is p a id  fo r  th is  d o l l a r - a c c o u n t in g  
sy stem  d r o p s  th e  i te m , w h ic h  is t h e n  p ic k e d  u p  as a  l in e  i te m  in  a s u p p ly  o r  
e q u i p m e n t  a c c o u n t .

T h e  p r e s e n t  p r o c e d u r e  is fo r  C o n g re s s  to  a p p r o p r i a t e  m o n e y  to  th e  A ir  
F o rc e  in  tw o  b r o a d  c a te g o r ie s .  O n e  is t e r m e d  “ n o  y e a r  m o n e y ” —m o n e y  
a p p r o p r i a t e d  th a t  w iü  b e  a v a i la b le  to  th e  A ir  F o rc e  fo r  o b l ig a t io n  u n t i l  i t  is 
e x p e n d e d .  T h i s  c a te g o ry  in c lu d e s  m a jo r  p r o g r a m s  o r  i te m s  o f  e q u i p m e n t  
w h ic h  h a v e  lo n g  le a d - t im e  r e q u i r e in e n t s ,  s u c h  a s  a i r c r a f t ,  o t h e r  m a jo r  p ro -  
c u r e m e n ts ,  a n d  th e  r e s e a rc h  a n d  d e v e lo p m e n t  p r o g r a m .  C o n g re s s  c a n  c o n t r o l  
th e s e  e x p e n d i tu r e s  o n  a l in e - i te m  b a s is . F o r  e x a m p le ,  th e  n u m b e r  o f  B -5 2 's
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to  b e  p u r c h a s e d  a t  th e  p r ic e  p e r  a i r c r a f t  c a n  b e  s h o w n  as a l in e  i te m . B u t  
b e c a u s e  o f  th e  lo n g  le a d  t im e  th e  a c tu a l  r e q u i r e m e n t  fo r  f u n d s  m a y  e x te n d  
o v e r  a  p e r io d  o f  s e v e ra l  y e a rs .

T h e  s e c o n d  m a j o r  c a te g o ry  o f  m o n e y  a p p r o p r i a t e d  to  th e  A ir  F o rc e  h a s  
to  b e  o b l ig a te d  d u r i n g  th e  fiscal y e a r  in  w h ic h  i t  is a p p r o p r i a t e d .  T h e  tw o  
m a jo r  a c t iv i t ie s  c o v e re d  b y  th is  ty p e  o f  m o n e y  a r e  th e  o p e r a t i o n  a n d  m a in -  
t e n a n c e  o f  th e  a c t iv i t ie s  a n d  in s t a l l a t io n s  o f  th e  A ir  F o rc e  a n d  th e  p a y  o f  
m i l i t a r y  p e r s o n n e l .  T h e  d o l l a r  r e q u i r e m e n t s  f o r  A ir  F o rc e  o p e r a t io n s ,  m a in -  
t e n a n c e ,  a n d  m i l i t a r y  p e r s o n n e l  a r e  p e r io d ic a l ly  s u m m a r iz e d  f o r  C o n g re s s  
o n  a n  a n n u a l  b a s is  a t  th e  t im e  th e  a n n u a l  b u d g e t  is s u b m i t t e d .  I n  a d d i t i o n ; 
n u m é r ic a !  a n d  g r a d e  c e i l in g s  fo r  b o t h  th e  m i l i t a r y  a n d  c iv i l i a n  p e r s o n n e l  
p a id  f ro m  th e s e  tw o  a p p r o p r i a t i o n s  a r e  p la c e d  o n  th e  m i l i t a r y  b y  th e  a p p r o -  
p r i a t i o n  a c t .  T h e s e  l im i t a t i o n s  a f fo rd  C o n g re s s  a n  a d d i t i o n a l  c o n t r o l  o v e r  
m i l i t a r y  e x p e n d i tu r e s .

A s in d ic a te d  a b o v e  th e  fisca l a c c o u n t in g  sy s te m  d r o p s  a n  i te m  o n c e  i t  is 
p u r c h a s e d .  I t  d o e s  n o t  p r o v id e  a  d o l l a r  c o n t r o l  o v e r  in v e n to r y .  O n c e  a n  
i te m  h a s  b e e n  p u r c h a s e d  i t  b e c o m e s  a  s to c k  n u m b e r  a n d  q u a n t i t y  in  th e  b in  
o f  s o m e  s u p p ly  w a r e h o u s e .  T h e  A ir  F o rc e  h a s  c o r r e c te d  th is  d e f ic ie n c y  b y  
i n s t a l l i n g  a  sy s te m  t h a t  a c c o u n ts  f o r  a l l  th e  i n v e n to r y  o f  th e  A i r  F o rc e  b y  
d o l la r s .

S o  th e  A ir  F o rc e  h a s , u n d e r  th e  fisca l a c c o u n t in g  sy s te m , a  m e th o d  
w h e re b y  th e  d o l l a r s  a p p r o p r i a t e d  to  i t  b y  C o n g re s s  a r e  a c c o u n te d  fo r . T h i s  
is th e  m in im u m  a c c o u n t in g  sy s te m  c o n s id e r e d  n e c e s s a ry  to  d is c h a rg e  th e  A ir  
F o r c e ’s r e s p o n s ib i l i t i e s  to  C o n g re s s  f o r  th e  d o l l a r s  e n t r u s t e d  to  i t .  T o  th is  
m in im u m  h a s  b e e n  a d d e d  a  m o n e ta r y  c o n t r o l  sy s te m  o v e r  th e  A ir  F o rc e  
in v e n to r y .

A  s e c o n d  m a j o r  p r e s s u r e  is to  m a k e  o v e r  th e  m i l i t a r y  in  th e  im a g e  o f  
b u s in e s s ,  a t  le a s t  f r o m  a n  a c c o u n t in g  p o i n t  o f  v ie w . W h a t  th i s  m e a n s  is t h a t  
a n  i te m  o f  m a te r ia l  is o b l i g a t e d  o r  b o u g h t ,  p u t  in  a n  i n v e n to r y  a c c o u n t ,  a n d  
t h e n  f in a l ly  a c c o u n te d  fo r  w h e n  i t  is c o n s u m e d  o r  u s e d . T h e  a c t iv i ty  c o n - 
s u m in g  o r  u s in g  th e  i te m  is c h a r g e d  w ith  th e  e x p e n s e .  U n t i l  t h a t  t im e  th e  
i te m  is c o n s id e r e d  a n  a sse t. T h e  a c c o u n t a n t  fo llo w s  th e  i te m  to  th e  a c t iv i ty  
a c tu a l ly  u s in g  it. I n  th e  A ir  F o rc e  fo r  e x a m p le  a  c a r b u r e t o r  w il l  b e  p u r ­
c h a s e d  a n d  p la c e d  in  s u p p ly ,  b u t  n o t  u n t i l  i t  is p u t  o n  a n  a i r c r a f t  w ill  th e

C olonel A lbert S . R au d ab au gh , B .S . in B u sin ess  Á dm in istration , O hio S ta te  Cniver- 
sity , is C om ptro ller, Hq A ir C n iversity . He was com in issioned  in the reserve on 
com plelion  o f R O TC in 1933  and entered  on active duty in 1941 . He served fo r 
three years in the E u ropean  T h eater, 17 m nnths o f  which was with the Air Division, 
li.s. G roup Control C ouncil. T hen  in H ead q u arters Ü SA F  he was in the P lans 
D ivision fo r m ore than two years and with the C om ptro ller, D irectorate o f P rogram  
S tan d ard » an d  Cost C ontrol, fo r  one year. He has a lso  served as com ptro ller fo r 
the Seveníh  Air Force and the Tenth  Air Force  and a s  in structor in the C om ptroller 
Sch oo l, C raig  A FB , A laham n. C olonel R au d ah au gli is a 1951 g rad u ate  o f the Air 
W ar C ollege and a 1 9 5 4  g rad u ate  o f  the In d u stria l C ollege o f the Arm ed Forces.
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c o s t o f  t h a t  c a r b u r e to r  b e  c h a rg e d  to  th e  a c t iv i ty  u s in g  th e  a i r c r a f t  o r  to  th e  
m a in te n a n c e  s q u a d r o n  r e p a i r i n g  it.  M a n y  a d d i t i o n a l  p e o p le  a n d  m u c h  a d d i-  
t io n a l  p a p e r  w o rk  w ill  b e  r e q u i r e d  to  fo l lo w  th e  i te m  to  th is  p o in t .

how accrual accounting serves business

T h e  a c c ru a l  a c c o u n t in g  sy s te m  w h ic h  so e f fe c tiv e ly  s e rv e s  th e  b u s in e s s -  
m a n  is b a s e d  o n  a  r e la t iv e ly  s im p le  f o r m u la .  T h i s  f o r m u la  m a lte s  p o s s ib le  a  
c o m p a r is o n  o f  th e  e f fo r ts  o f  th e  C o r p o ra t io n  w ith  its  a c c o m p l i s h m e n ts .  P r o ­
fe sso r  A . C . L i t t l e to n ,  in  h is  b o o k  Structure of Accounting Theory, S ta tes : 
“ T h e  c e n t r a l  p u r p o s e  o f  a c c o u n t in g  is to  m a k e  p o s s ib le  th e  p e r io d ic  m a tc h in g  
o f  costs  (e ffo rts )  a n d  r e v e n u e  ( a c c o m p l is h m e n ts ) .  T h i s  c o n c e p t  is th e  n u d e u s  
o f  a c c o u n t in g  th e o ry , a n d  a  b e n c h m a r k  t h a t  a f fo rd s  a  f ix e d  p o i n t  o f  r e f e r e n c e  
fo r  a c c o u n t in g  d is c u s s io n s .” S ta te d  as a  f o r m u la  i t  is: in c o in e  m in u s  e x p e n s e  
e q u a ls  p ro f i t  (o r  loss). T h e  c iv i l i a n  a c c o u n t a n t  m u s t  h a v e  a v a i la b le  th e se  
tw o  e le m e n ts ,  e x p e n s e s  a n d  in c o m e , in  h is  a c c o u n t in g  sy s te m  in  o r d e r  to  
d e t e r m in e  th e  n e t  p r o f i t  o f  th e  e n t e r p r i s e .  C o s ts  a r e  a r r iv e d  a t  by  i n t e r n a i  
a c c o u n t in g  p ro c e d u r e s .  I n c o m e  is d e t e r m i n e d  b y  th e  e x t e r n a i  a n d  i m p a r t i a l  
j u d g m e n t  o f  th e  c o n s u m in g  p u b l ic .

T h e  c iv i l ia n  a c c o u n t a n t  e s ta b l is h e s  v a r io u s  a c c o u n ts  c o n t a i n i n g  d o l l a r  
i n f o r m a t io n  w h ic h  s u p p o r t  th e  in c o m e  a n d  e x p e n s e  a c t iv i t ie s  o f  h is  c o m p a n y .  
T h i s  in f o r m a t io n  h e  s u m m a r iz e s  p e r io d ic a l ly ,  g e n e r a l ly  m o n th ly ,  f o r  th e  u se  
o f  m a n a g e m e n t .  T h e  in v e s to r s  r e a d i n g  th is  a r t i c l e  a r e  f a m i l i a r  w i th  th e  
p ro f i t  a n d  lo ss s t a t e m e n t  o f  a  C o r p o ra t io n .  I n  g e n e r a l ,  th is  s t a t e m e n t  d e d u c ts  
th e  e x p e n s e s  f ro m  th e  in c o m e  o f  th e  C o r p o ra t io n  a n d  a r r iv e s  a t  th e  n e t  p ro f i t  
o f  th e  C o r p o ra t io n  fo r  th e  p e r io d .

M a n a g e m e n t  re c e iv e s  i n f o r m a t i o n  f r o m  th e  a c c o u n t a n t  o n  a  p e r io d ic  
b as is . U s in g  th is  i n f o r m a t i o n  m a n a g e m e n t  c o m p a r e s  o n e  m o n th  w i th  th e  
n e x t  to  d e t e r m in e  p ro g re s s  a n d  to  see  h o w  p ro f i t  a n d  e x p e n s e s  c o m p a r e  w i th  
p a s t  p e r f o r m a n c e .  I n  m e a s u r in g  h is  c o r p o r a t i o n ’s e ffic ie n c y , th e  a c c o u n t a n t  
p r e p a r e s  v a r io u s  r a t io s :  in c o m e  p e r  d o l l a r  o f  g ro ss  p l a n t  a n d  e q u i p m e n t ;  
in c o m e  p e r  d o l l a r  o f  g ro ss  e q u i p m e n t  o n ly ;  in c o m e  p e r  s q u a r e  f o o t  o f  f lo o r  
s p a c e ; in c o m e  p e r  d o l l a r  o f  w o r k in g  c a p i t a l :  r a t i o  o f  s a la r ie s  a n d  w ag e s  to  
in c o m e ;  a n d  r a t io  o f  o p e r a t i n g  p ro f i t  to  in c o m e . R e s e a r c h  in d ic a te s  t h a t  th e  
in c o m e  e le m e n t  is th e  b a s is  fo r  m e a s u r in g  th e  e ffic ien cy  o f  t h e  o p e r a t io n .  
U s in g  th e s e  r a t io s  f r o m  m o n th  to  m o n th  th e  m a n a g e r  is a b le  to  c o n t r o l  h is  
b u s in e s s . I f  e x p e n s e s  m e a s u r e d  a g a in s t  in c o m e  a r e  in c r e a s in g  s te p s  a r e  ta k e n  
to  c o r re c t  th e  s i tu a t io n .  T h u s  th e  m a n a g e r  o f  a  b u s in e s s  C o r p o r a t io n  s i t t i n g  
a t  a n y  e c h e lo n  o r  le v e i o f  m a n a g e m e n t  c a n  d e t e r m in e  th e  e ffic ien cy  o f  a n y  
p o r t io n  o f  h is  b u s in e s s . T h e  a c c o u n t a n t  f u r n i s h e s  th e  b u s in e s s m a n  th e  
p r im a r y  q u a l i ty  m e a s u r e m e n t  w i th  w h ic h  h e  C o n tro ls  a n d  o p e r a t e s  h is  
b u s in e s s .

accrual accounting in the Air Force

In  d e t e r m i n in g  w h e th e r  a c c r u a l  a c c o u n t in g  c a n  s e rv e  t h e  A ir  F o rc e , w e  
m u s t  ta k e  a  c lo s e r  lo o k  a t  th e  c iv i l i a n  a c c o u n t a n t ’s e q u a t i o n .  Y o u  w ill  r e c a l l  
t h a t  th is  e q u a t io n  is: in c o m e  m in u s  e x p e n s e  e q u a ls  p ro f i t .
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T h e  m i l i t a r y  e s ta b l i s h m e n t  is n o t  a  “ p r o f i t - m a k in g ” o r g a n iz a t io n .  W e b ­
s te r  d e f in e s  p ro f i t  as ‘‘a c c e s s io n  o f  g o o d s , v a lu a b le  r e s u l ts ,  u s e fu l  c o n s e q u e n c e s ,  
a v a i l ,  g a in ,  excess o f  r e t u r n s  o v e r  e x p e n d i tu r e s .” O n ly  in  a  b r o a d  sen se  c a n  
th i s  e x p re s s io n  a p p ly  to  th e  m i l i t a r y ,  if  i t  is a s s u m e d  t h a t  th e  A m e r ic a n  
p e o p le  e x p e c t  “ a  v a lu a b le  r e s u l t ” a n d  “ u s e fu l  c o n s e q u e n c e s ” o u t  o f  a  m i l i ta ry  
e s ta b l i s h m e n t  w h e n  n e e d e d .  I n  p a r t i c u l a r ,  th e y  m a y  e x p e c t  a n  "e x ce ss  o f  
r e t u r n s  o v e r  e x p e n d i t u r e s ” w h e n  w a r t im e  m i l i t a r y  r e s u l ts  a r e  a g g re g a te d . 
W h e n  th e  m i l i t a r y  e s ta b l i s h m e n t  is s p o k e n  o f  as  n o t  b e i n g  a  p ro f i t - m a k in g  
o r g a n iz a t io n ,  a  r e s t r i c te d  a n d  n a r r o w  i n t e r p r e t a t i o n  o f  th e  w o r d  “ p r o f i t ” is 
b e in g  u s e d , p ro f i t  in  a  d o l l a r  se n se . P r o p o n e n t s  o f  W h o le sa le  i n t r o d u c t io n  o f  
b u s in e s s  m e th o d s  i n to  th e  m i l i t a r y  m a y  n o t  fu l ly  a p p r e c i a t e  th is  d is t in c t io n .  
T h e  d a n g e r o u s  a s p e c ts  o f  a p p ly in g  th e  b u s in e s s  a c c o u n t a n t ’s y a r d s t ic k  m a k e  
t h e i r  e n t r y  h e re .  T h e  m i l i t a r y ,  in  w a r  o r  in  p e a c e , c a n n o t  m a k e  th e  ty p e  o f  
p r o f i t  t h a t  is u n d e r s t o o d  b y  th e  c iv i l i a n  a c c o u n t a n t .  I t s  p r o d u c t ,  o r  “ p r o f i t ,” 
is  n o t  s u b je c t  to  th e  p re c is e  s t a n d a r d s  a n d  m e a s u r e m e n ts  a v a i la b le  to  th e  
c iv i l i a n  b u s in e s s m a n , à l t h o u g h  th e  s a m e  i n t e r a c t i o n s  a r e  p r e s e n t .

T o  fu l ly  u n d e r s t a n d  th e  fa c t  t h a t  th e  m i l i t a r y  e s t a b l i s h m e n t  is n o t  a 
p r o f i t - m a k in g  o r g a n iz a t io n  in  t h e  r e s t r i c t e d  se n se , i t  is  n e c e s s a ry  to  ta k e  a 
f u r t h e r  lo o k  a t  th e  c iv i l i a n  a c c o u n t a n t 's  e q u a t i o n .  A s i n d i c a t e d  p re v io u s ly , 
th is  e q u a t i o n  is c o m p o s e d  o f  tw o  p a r ts :  in c o m e  a n d  e x p e n s e .  T h e r e  is n o  
q u e s t io n  t h a t  th e  m i l i t a r y  a c c o u n t a n t  c a n  p re c is e ly  m e a s u r e  th e  co s t o f  a n y  
m i l i t a r y  o p e r a t io n .  A ll  t h a t  is r e q u i r e d  is th e  a c c o u n t in g  k n o w -h o w  a n d  th e  
n e c e s s a ry  r e p o r t s  f io w in g  f r o m  th e  o p e r a t i o n  i ts e lf .  T h e  in c o m e  p a r t  o f  th e  
e q u a t i o n  is a d i f f e r e n t  s to ry . W h e n  a n  A m e r ic a n  b u s in e s s m a n  se lls  a  p r o d u c t  
h e  h a s  p r o d u c e d ,  h e  re c e iv e s  d o l l a r s  a s  in c o m e  in  r e t u r n .  T h e  p u r c h a s e r  
e x e rc is e s  h is  j u d g m e n t  as to  th e  q u a l i t y  o f  t h e  p r o d u c t  h e  is b u y in g  a n d  th e  
n u m b e r  o f  d o l la r s  h e  is w i l l in g  to  e x c h a n g e  in  r e t u r n  fo r  th e  p r o d u c t .  I t  is 
g r a n te c l  t h a t  th e  p u r c h a s e r  m a y  b e  in f iu e n c e d  b y  a s u p e r io r  a d v e r t i s in g  o r  
s a le s m a n s h ip  c a m p a ig n .  B u t  in  th e  f in a l  a n a ly s is  e a c h  p u r c h a s e r s  ju d g m e n t  
o f  th e  q u a l i t y  o f  th e  p r o d u c t  h e  is b u y in g  in  c o m p a r i s o n  w i th  th e  p r ic e  a n d  
q u a l i t y  o f  s im i la r  a r t ic le s  o n  th e  m a r k e t  d e t e r m in e s  w h ic h  b u s in e s s m a n  
r e c e iv e s  th e  c o n s u m e r ’s d o l l a r s  as in c o m e . T h i s  in c o m e , b a s ic a lly  d e t e r m in e d  
b y  th e  q u a l i t y  j u d g m e n t  o f  th e  c o n s u m in g  p u b l ic ,  t h e n  is i n c o r p o r a t e d  in to  
th e  p r o f i t  a n d  lo ss s t a t e m e n t  o f  t h e  C o r p o r a t io n  c o n c e r n e d .  T h i s  b e c o m e s  th e  
sa le s  in c o m e  f o r  th e  C o r p o r a t io n .  T h e  c iv i l i a n  a c c o u n t a n t  re c e iv e s  h is  
q u a l i t a t i v e  m e a s u r e  o f  th e  c o r p o r a t i o n ’s a c c o m p l i s h m e n ts  o r  e ffic ien cy  a lm o s t  
g r á t i s .  W i t h o u t  th is  f a c to r  th e  f o r m u la ,  o f  c o u rs e ,  w o u ld  b e c o m e  m e a n in g le s s .

T h e  N a t io n a l  S e c u r i ty  A c t o f  1947 s p e c if ie s  th e  b a s ic  m is s io n  o f  th e  
U n i t e d  S ta te s  A ir  F o rc e . I t  s h a l l  b e  o r g a n iz e d ,  t r a in e d ,  a n d  e q u i p p e d  fo r  
p r o m p t  a n d  s u s t a in e d  o f fe n s iv e  a n d  d e f e n s iv e  a i r  o p e r a t io n s ,  fo r  e f fe c tiv e  
p r o s e c u t io n  o f  w a r , f o r  e x p a n s io n  to  m e e t  th e  n e e d s  o f  w a r . T h i s  m is s io n  
d e t e r m i n e s  th e  b a s ic  d i í f e r e n c e  b e tw e e n  th e  U S A F  a n d  a c iv i l i a n  b u s in e s s  
e n t e r p r i s e .  T h e  U S A F  s p e n d s  m o n e y  to  o rg a n iz e ,  t r a in ,  a n d  e q u i p  to  m e e t  
s o m e  u n d e t e r m i n e d  f u t u r e  w a r . T h e  p r o d u c t  o f  th i s  e x p e n d i t u r e  is n o t  p u t  
o n  th e  m a r k e t  w ith  i ts  v a lu e  o r  in c o m e  d e t e r m i n e d  as a  c o m p e t i t i v e  p r o d u c t  
d u r i n g  p e a c e t im e .  T h e  c o m p e t i t i o n  to  b e  m e t  is a n  e n e m y —p o s s ib ly  in  a c t iv e
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c o m  b a  t  c o m p e t i t io n .  T h e n  a n d  o n ly  th e n  w ill  lh e  ‘‘sa le s  o r  i n c o m e '' v a lu e  o f  
th e  U S A F  b e  d e t e r m in e d ,  a n d  th e n  o n ly  in  th e  b r o a d e s t  g e n e r a l  te rm s . I t  
d o e s  n o t  l e n d  i ts e l f  to  a n y  d o l la r s - a n d -c e n ts  ty p e  o f  e v a lu a t io n  to  s e rv e  as 
e n t r i e s  in  th e  a c c o u n t a n t ’s le d g e r .

T h e  c iv i l ia n  m a n u f a c t u r e r  w o u ld  b e  f a c e d  w i th  a  s o m e w h a t  s im i la r  
s i tu a t io n  if  h e  s to r e d  o r  w a r e h o u s e d  h is  p r o d u c t i o n .  A ssu m e  t h a t  a c o m p a n y  
m a n u f a c tu r e s  a u to m o b i le s .  A l l  i ts  p r o d u c t i o n  is p la c e d  in  a  w a r e h o u s e  a n d  
n o t  o n  th e  c o n s u m e r  m a r k e t .  P e r io d ic a l ly  th e  l a t e s t  c o m p a n y  m o d if ic a t io n s  
a r e  m a d e  o n  a ll  th e  s to r e d  a u to m o b i le s .  A s s u m e  f u r t h e r  t h a t  th e  m a n u f a c t u r e r  
h a s  o n ly  v e ry  l im i te d  k n o w le d g e  c o n c e r n in g  th e  a u to m o b i le s  t h a t  c o m p e t i to r s  
a r e  m a n u f a c t u r in g  a n d  s e l l in g . K n o w n  p r o d u c t i o n  c o s ts  h a v e  b e e n  i n c u r r e d .  
N o w  w h a t  w ill  b e  th e  sa le s  v a lu e  o f  th e  a u to m o b i l e s  w h e n  p la c e d  o n  th e  
m a r k e t  a t  s o m e  f u t u r e  u n k n o w n  d a te ?  W i l l  th e y  r e s u l t  in  a n e t  p r o f i t  o r  loss 
to  th e  m a n u f a c tu r e r ?  A l th o u g h  th e s e  q u e s t io n s  a r e  a b s u r d  f r o m  a  c iv i l i a n  
m a n u f a c t u r e r ’s p o i n t  o f  v ie w , th e  s i t u a t io n  is f a r  f r o m  b e in g  so  w h e n  
a n a ly z e d  in  th e  l ig h t  o f  th e  m is s io n  o f  th e  U S A F .

T h e  a u t o m o b i l e - m a n u f a c tu r in g  a n a lo g y  p o in t s  u p  th e  b a s ic  d if f e r e n c e  
b e tw e e n  c iv i l ia n  a n d  m i l i t a r y  o p e r a t io n s .  B o th  i n c u r  c o s t f o r  l a b o r  a n d  m a ­
t e r ia l  in  p r o d u c in g  a  p r o d u c t .  T h e  c iv i l i a n  m a n u f a c t u r e r  im m e d ia te ly  p la c e s  
h is  p r o d u c t  o n  th e  c o n s u m e r  m a r k e t .  H e  is a b le  c u r r e n t l y  a n d  p ro g re s s iv e ly  
to  m e a s u re  h is  a c c o m p lis h m e n ts .  H e  re c e iv e s  in c o m e  f r o m  sa le s  a s  a  d e f in i te  
a n d  im m e d ia te  in d e x  o f  th e  c o s t h e  h a s  i n c u r r e d  to  p r o d u c e  h is  p r o d u c t .

T h e  p r o d u c t  o f  th e  U S A F  is c o m b a t  p o t e n t i a l .  I t  c a n n o t  b e  “ p u t  o n  th e  
m a r k e t ” u n t i l  w a r  is d e c la r e d .  M e n  a r e  o r g a n iz e d ,  e q u i p p e d ,  a n d  t r a in e d .  
T r a i n i n g  is th e  p e r e n n ia l  p e a c e t im e  m is s io n  o f  th e  m i l i t a r y .  T h e  r e s u l t  o f  
th is  t r a in i n g  m a y  b e  s a id  to  b e  in  ‘‘d y n a m ic  s to r a g e .” C o n s e q u e n t ly  t h e r e  
is n o  sp e c ific  q u a l i t a t i v e  v a l u a t i o n  a v a i la b le  in  p e a c e t im e  to  m e a s u r e  th e  
m i l i t a r y  p r o d u c t .  S a le s  in c o m e  a v a i la b le  to  t h e  c iv i l i a n  p r o d u c e r  as  a  m e a s u r e  
o f  a c c o m p l i s h m e n t  is n o t  a v a i la b le  to  th e  m i l i t a r y  p r o d u c e r .  T h e  c iv i l i a n  
a c c o u n ta n t  re c e iv e s  t h e  sa le s  f ig u re  in  h is  p r o f i t  a n d  lo ss  s t a t e m e n t  as a  
b a s ic  e le m e n t  in  m e a s u r in g  th e  a c c o m p l i s h m e n ts  o f  h is  c o m p a n y 's  e n te r p r i s e .  
T h e  m i l i t a r y  a c c o u n t a n t  is fa c e d  w i th  th e  p r o b le m  o f  f in d in g  a s u b s t i t u t e  fo r  
th is  sa les  f ig u re . A  c lo s e r  lo o k  a t  th e  m i l i t a r y  o p e r a t i o n  w il l  i n d ic a te  t h a t  
th e  in c o m e  s id e  o f  th e  c iv i l i a n  a c c o u n t a n t ’s e q u a t i o n  is n o t  a v a i la b le .  T h e  
m i l i t a r y  a c c o u n ta n t  c a n n o t  p r o v id e  a q u a l i t a t i v e  d o l l a r  m e a s u r e m e n t .  S e v e ra l  
e x a m p le s  t h a t  fo l lo w  w il l  e x p l a i n  w h y  th e  ‘‘in c o m e  m in u s  e x p e n s e  e q u a ls  
p r o f i t ” f o r m u la  is m e a n in g le s s  w h e n  a p p l i e d  b y  th e  m i l i t a r y  a c c o u n ta n t .

T a k e  fo r  e x a m p le  th e  p e r e n n ia l  p e a c e t im e  m is s io n  o f  th e  m i l i t a r y ,  t r a i n ­
in g . A  s tu d e n t  is s e n t  to  s c h o o l f o r  a  p e r io c l o f  t im e .  D u r i n g  th e  c o u r s e  o f  
in s t r u c t io n  m a n y  A ir  F o rc e  d o l l a r s  a r e  e x p e n d e d  f o r  s a la r ie s  o f  in s t r u c to r s ,  
t e x tb o o k  m a te r ia l ,  a n d  fa c i l i t ie s .  T h e  c o s ts  a r e  f in i te ly  a n d  d e f in i te ly  m eas- 
u r a b le .  B u t  w h a t  b e n e f i t  h a s  t h e  A ir  F o rc e  r e c e iv e d  fo r  th is  e x p e n d i tu r e ?  
Is  i t  m e a s u ra b le ?  I t  c a n n o t  b e , b e c a u s e  th e  b e n e f i t  r e c e iv e d  is th e  in c r e a s e d  
k n o w le d g e  o f  th e  in d iv id u a l .  N o  k n o w n  m e th o d  is a v a i la b l e  to  f in ite ly  
m e a s u re  in  d o l la r s  th e  in c re a s e d  k n o w le d g e  t h a t  th e  s t u d e n t  h a s  o b t a in e d .  
I t  is g e n e ra l ly  a s s u m e d  t h a t  h e  w ill  b e  o f  g r e a t e r  b e n e f i t  to  t h e  A ir  F o rc e .
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B u t  i t  is im p o s s ib le  to  p u t  a  d o l l a r  t a g  o n  k n o w le d g e .  E v e n  in d u s t r y  c a n n o t  
in c lu d e  in  its  in v e n to r y  th e  d o l l a r  v a lu e  o f  its  e m p lo y e e s .

A n o th e r  e x a m p le :  a  p i lo t  flies a n  a i r c r a f t .  H e  is t r a in e d  to  in t e r c e p t  
e n e m y  b o m b e r s  a t t a c k in g  th e  U n i t e d  S ta te s . M a n y  d o l la r s  a r e  e x p e n d e d  fo r  
g a s o l in e ,  s p a re  p a r ts ,  h is  s a la ry , a n d  m a n y  o t h e r  th in g s  to  p r o v id e  th is  t r a in -  
in g  fo r  th e  p i lo t .  A g a in  d o l la r s  a r e  e x p e n d e d .  W h a t  d e f in i te ,  f in i te  v a lu e  is 
m e a s u r a b le  f r o m  th is  t r a in in g ?  V a lu e  h a s  b e e n  r e c e iv e d  b u t  w h a t  is th e  
d o l l a r  e s t im a te  o f  t h a t  v a lu e ?  W h a t  e n t r y  m a y  b e  m a d e  in  “ a c c o u n ts  re - 
c e iv a b le ” b e c a u s e  o f  th e  m i l l io n s  o f  d o l la r s  o f  p r o p e r t y  d e s t r u c t io n  a v e r te d  
b y  a su c c e ss fu l in te r c e p t?

A n o th e r  e x a m p le  in  w h ic h  th e  m i l i t a r y  is n o t  c o m p a r a b le  to  c iv i l ia n  
in d u s t r y  lie s  in  th e  fa c t  t h a t  m i l i t a r y  p e r s o n n e l  a r e  “ c a p t iv e  c u s to m e rs .” T a k e  
th e  fo o d  S erv ice  o p e r a t io n .  T h e  e n l i s t e d  p e r s o n n e l  o f  a n  o r g a n iz a t io n  a re  
r e q u i r e d  to  e a t  a t  t h e  m ess  h a l l  if  th e y  a r e  n o t  o n  s e p a r a te  r a t io n s .  N o  
c h a r g e  is m a d e  f o r  th e  fo o d  c o n s u m e d ;  a lso , n o  e s t im a te  o f  th e  q u a l i t y  o f  th e  
f o o d  is o b t a in a b l e .  C a n  th e  f o o d ’s q u a l i t y  b e  b a s e d  o n  th e  n u m b e r  o f  e n ­
l i s te d  m e n  e a t in g  in  th e  m e ss  h a l l?  T h e y  h a v e  n o  o t h e r  p la c e  to  e a t, e x c e p t  
a t  t h e i r  o w n  e x p e n s e .  I n  c o n t r a s t  a n y  c iv i l i a n  r e s t a u r a n t  m a n a g e r ,  w i th in  a 
v e ry  s h o r t  p e r io d  o f  t im e ,  w o u ld  b e  a w a re  o f  th e  fa c t  t h a t  th e  q u a l i ty  o f  h is  
f o o d  h a d  f a l le n  off. C u s to m e r s  w o u ld  n o t  p a t r o n iz e  h is  r e s t a u r a n t .  H is  d o l ­
l a r  in c o m e  w o u ld  b e  c o n s id e r a b ly  r e d u c e d  a n d  h e  c o u ld  im m e d ia te ly  s t a r t  
c h e c k in g  to  see  w h a t  w as w r o n g .  A b o u t  th e  o n ly  m e th o d s  a v a i la b le  to  th e  
m i l i t a r y  c o m m a n d e r  f o r  c h e c k in g  o n  th e  q u a l i t y  o f  fo o d  s e rv e d  in  a d in i n g  
h a l l  w o u ld  b e  g r ip e s  o r  in s p e c t io n s .  T h e  d o l l a r  in c o m e  o r  q u a l i t a t i v e  
m e a s u r e m e n t  o f  th e  o p e r a t i o n  t h a t  is a v a i la b le  to  th e  c iv i l i a n  r e s t a u r a n t  
o w n e r  is n o t  a v a i la b le  to  t h e  m i l i t a r y .

attempted Solutions

M u c h  e f fo r t  a n d  m o n e y  h a v e  b e e n  s p e n t  a t t e m p t i n g  to  f in d  S o lu tio n s  to  
th e  p r o b le m  o f  m e a s u r i n g  a c c o m p l i s h m e n ts  f r o m  m i l i t a r y  e x p e n d i tu r e s  
a g a in s t  th e  d o l l a r  c o s t. S e v e ra l  s u g g e s te d  S o lu t io n s  h a v e  b e e n  p u t  fo r th .  O n e  
is to  c o m p a r e  c o s t w i th  b u d g e t .  A s c c o n d  c o m p a r e s  a c tu a l  c o s t w i th  so m e  
c o s t  s t a n d a r d .

F ir s t ,  w h a t  is in v o lv e d  in  c o m p a r i n g  th e  c o s t e x p e n d e d  b y  a  m i l i t a r y  
o r g a n iz a t io n  a g a in s t  th e  a m o u n t  o f  f u n d s  b u d g e t e d  f o r  t h a t  o r g a n iz a t io n ?  
A  b u d g e t  is m e re ly  a n  e x p r e s s io n  o f  th e  d o l l a r  co s t r e q u i r e d  to  o p e r a t e  a n  
o r g a n iz a t io n  d u r i n g  a  p e r io d  o f  t im e .  T h e r e f o r e  a ll  t h a t  is b e in g  m e a s u re d  
is c o s ts  a g a in s t  p r e v io u s ly  e s t im a te d  c o s ts , o r ,  in  o t h e r  w o rd s , th e  c o m m a n d e r ’s 
a b i l i t y  a n d  a c c u ra c y  in  b u d g e t i n g  a n d  e s t i in a t in g .  T h e r e  a r e  n o  b la c k  o r  r e d  
f ig u re s  in  th e  c o m m a n d e r ’s l e d g e r  a s  th e r e  a r e  in  th e  b u s in e s s  a c c o u n ta n t 's .

A  f u r t h e r  c o n s id e r a t io n .  W h a t  in  th is  i n s t a n c e  w o u ld  d e t e r m in e  th e  
e ff ic ie n c y  o f  a  c o m m a n d e r ?  W o u ld  i t  b e  h is  a b i l i t y  to  z e ro  o u t  h is  b u d g e t?  
W o u ld  i t  b e  h is  a b i l i t y  to  " s a v e ” m o n e y  in  th e s e  d a y s  o f  a u s te r i ty ?  I f  to  b e  
e f f ic ie n t th e  c o m m a n d e r  m u s t  z e ro  o u t  to  h is  b u d g e t  e s t im a te ,  t h a t  c a n  v e ry  
e a s ily  b e  a c c o m p li s h e d  o n  a  d o l l a r  b a s is . I f  h e  is to  " s a v e ” m o n e y , is i t  as-
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s u ra e d  th a t  h is  o r ig in a l  e s t im a te  w as “ f a t ” a n d  b e c a u s e  o f  it  h e  s h o w e d  defi- 
n i t e  d o l l a r  s a v in g s  as c o m p a r e d  w ith  h is  o r ig in a l  e s t im a te ?  A g a in , w h o se  
b u d g e t  is to  b e  c o n s id e re d ?  N o r m a l  r o t a t i o n s  w o u ld  p la c e  e a c h  c o m m a n d e r  
u n d e r  th e  d o m in a t io n  o f  h is  p re d e c e s s o r .  T h e  p r e d e c e s s o r ’s a b i l i ty  to  b u d g e t  
w o u ld  d e te r m in e  th e  e ffic ien cy  o f  th e  c o m m a n d e r  t h a t  su c c e e d s  h im .

T h e  s e c o n d  s o lu t io n  h a s  b e e n  to  u se  c o s t s t a n d a r d s  as a  b as is  o f  co m - 
p a r is o n  fo r  a c c r u e d  costs . E x a m p le  s t a n d a r d s  a r e  c o s t p e r  f ly in g  h o u r ,  c o s t 
p e r  l in e  i te m  o f  s u p p ly ,  a n d  c o s t p e r  m e a i  s e rv e d . B u t  a g a in  th is  a p p e a r s  to  
b e  u n f a i r  to  th e  b a s e  c o m m a n d e r .  H e  h a s  l i t t l e  c o n t r o l  o v e r  w h ic h  m i l i t a r y  
p e r s o n n e l  a r e  a s s ig n e d  to  h im . T h e i r  r a n k s  a n d  a b i l i t i e s  a r e ,  in  a la r g e  
m e a s u re ,  p r e d e t e r m i n e d  b y  h ig h e r  h e a d q u a r t e r s .  H e  h a s  l i t t l e  c o n t r o l  o v e r  
th e  f ix e d  f a c i l i t ie s  w i th  w h ic h  h e  is o p e r a t in g .  S u c h  th in g s  as th e  ty p e  o f  
m a te r ia l  in  h is  ru n w a y s , th e  a v a i la b l i ty  o f  r a i l  f a c i l i t ie s  to  h a u l  in  h is  su p - 
p lie s , th e  d is ta n c e  h e  is f r o m  h is  r a t i o n  p o i n t ,  a l l  e n t e r  i n t o  th e  co s t a l t h o u g h  
h e  h a s  l i t t l e  o r  n o  c o n t r o l  o v e r  th e m .

T h e  in c o m e  s id e  o f  th e  e q u a t i o n  is n o t  a v a i la b le  to  th e  m i l i t a r y  ac- 
c o u n ta n t .  A lso  i t  d o e s  n o t  a p p e a r  t h a t  s u i t a b le  c o m p a r i s o n s  to  ta k e  th e  p la c e  
o f  th e  in c o m e  s id e  o f  th e  e q u a t i o n  a r e  a v a i la b le  e i th e r .  C o n s e q u e n t ly  th e  
m i l i t a r y  a c c o u n ta n t  is p la c e d  in  th e  p o s i t io n  o f  f in i te ly  m e a s u r in g  c o s ts  b u t  
n o t  h a v in g  a n y  s u i t a b le  m e a s u r e  w i th  w h ic h  to  c o m p a r e  th e m . T h e  q u e s t io n  
m ig h t  b e  a s k e d  th e  c iv i l i a n  a c c o u n t a n t ,  “ H o w  m u c h  a c c o u n t in g  w o u ld  y o u  
b e  d o in g  to d a y  f o r  y o u r  i n d u s t r i a l  c o n c e r n  if  y o u  c o u ld  n o t  u se  th e  b a s ic  
a c c o u n t in g  e q u a t io n ? ”

the solution

T o  so lv e  th is  d i le m m a ,  th e  f u n d a m e n ta l  d i f f e r e n c e  as b e tw e e n  m i l i t a r y  
a n d  c iv i l ia n  a c c o u n t in g  in  th e  a c c r u a l  a r e a  m u s t  b e  r e c o g n iz e d .  O n c e  th is  
d if f e re n c e  is r e c o g n iz e d ,  th e  b a s is  fo i d e c is io n  s h o u ld  fo l lo w .

T h e  n e c e s s ity  fo r  d o l l a r  i n f o r m a t i o n  in  th e  m i l i t a r y  is n o t  q u e s t io n e d .  
T h e  e x p e n d i tu r e s  in  th e  m i l i t a r y  e s t a b l i s h m e n t  a r e  e n o r m o u s .  B u t  b y  th e  
s a m e  to k e n  r e s o u rc e s  s h o u ld  n o t  b e  p u t  in  a n y  a r e a  f r o m  w h ic h  d e f in i te  
b e n e f i ts  w ill n o t  r e s u l t .  U n d e r  th e  l im i t e d  p e r s o n n e l  c e i l in g  o f  th e  A ir  
F o rc e  e v e ry  m a n  in  th e  a c c o u n t in g  a r e a  is o n e  less m a n  m a i n t a i n i n g  a n  a ir -  
c r a f t  o n  th e  l in e .  T h e r e  is m u c h  g o o d  m a n a g e m e n t  i n f o r m a t i o n  in  th e  
p r e s e n t  fiscal e x p e n d i t u r e  sy s te m . U t i l i z a t i o n  o f  th is  i n f o r m a t i o n  s h o u ld  b e  
fu l ly  e x p lo r e d .  W h e n  c o u p le d  w i th  a n  a c c o u n t in g  s y s te m  fo r  t h e  in v e n to r ie s  
in  th e  A ir  F o rc e  i t  w ill  p r o v id e  a  w e a l th  o f  u s a b le  i n f o r m a t i o n .

T h i s  a r t ic l e  h a s  p o i n t e d  to w a r d  th e  n e c e s s ity  o f  f in d in g  so m e  k in d  o f  
q u a l i t a t i v e  m e a s u r e m e n t  f o r  th e  e f fe c t iv e n e s s  o f  a  m i l i t a r y  o p e r a t io n .  T h e  
m i l i t a r y  w o u ld  h a v e  b e e n  d e r e l i c t  in  t h e i r  d u ty  if  th e y  h a d  n o t  d e v e lo p e d  
a n d  u s e d  s u c h  a  sy s te m  t h r o u g h  th e s e  m a n y  y e a rs . T h i s  is a n  in s p e c t io n  
sy s tem . A p e r s o n  q u a l i f ie d  in  a n y  p a r t i c u l a r  a r e a  m a k e s  a n  o n - th e - s p o t  v is i t  
a n d  r e p o r t  as to  th e  q u a l i t y  o f  th e  o p e r a t i o n  b e in g  in s p e c te d .  W h i le  th is  
is a j u d g m e n t  m e a s u r e m e n t  n o t  s u b je c t  to  th e  f in i te  m e a s u r e  o f  d o l la r s ,  it 
w o u ld  a p p e a r  to  b e  th e  b e s t  a n d  o n ly  sy s te m  a v a i la b le  to  th e  m i l i t a r y .  D o l ­
la r s  d o  p r o v id e  a  g e n e r a l  m e a s u r e  o f  e f fe c tiv e n e s s . T h e y  c a n  m e a s u re  th e
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r e l a t i v e  m e r i t  o f  tw o  p l a n t  m a n a g e r s .  B u t  th e y  c a n n o t  ju d g e  th e  r e la t iv e  
m e r i t  o f  tw o  b a s e  c o m m a n d e r s .

I t  is b e l ie v e d  t h a t  th e  in a x im u m  f in a n c ia l  a c c o u n t in g  sy s te m  fo r  th e  
A ir  F o rc e  s h o u ld  c o n s is t  o f  tw o  m a in  e le m e n ts .  T h e  firs t is a  fiscal a c c o u n t ­
i n g  s y s te m —w h ic h  a c c o u n ts  to  C o n g re s s  o n  th e  b a s is  o f  th e  a p p r o p r i a t i o n  
a c c o u n t  s t r u c tu r e .  T h e  s e c o n d  e le m e n t  is a  sy s te m  t h a t  w il l  a c c o u n t  fo r  th e  
i n v e n to r y  o f  th e  A ir  F o rc e  o n  a d o l l a r  b a s is . C o n c e n t r a t io n  o n  th e se  tw o  
e le m e n ts  w ill p r o v id e  to  a  c o m m a n d e r  th e  m a x im u m  o f  u s e f u l  f in a n c ia l  in - 
f o r m a t io n  w ith  a m in im u m  o f  p e r s o n n e l  a n d  e f fo r t  a s s ig n e d  to  th e  f in a n c ia l  
a r e a .

Headquarters Air University
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C o l o n e l  J o h n  F . B a b c o c k

� ^ T fT T T T H  th e  a d v e n t  o f  th e  b a l l is t i c  m iss ile  as a  w e a p o n  d e l iv e r y  sy s tem , 
\ V /  th e  n e e d  o f  a i r m e n  fo r  m a th e m a t ic a l  u n d e r s t a n d i n g  o f  th is  n e w  

m il i ta r ) ' a r t  to o k  a  d e c id e d  s p u r t .  M a n y , in i t i a l ly  a t  le a s t ,  b e l ie v e d  
th a t  th e  p r in c ip ie s  in v o lv e d  in  th e  c o m p u t a t i o n  o f  m is s ile  f l ig h t  p a th s  m u s t  
b e  o n e  o f  th e  n e w e r , a n d  a b s tr u s e ,  b r a n c h e s  o f  m a th e m a t ic s .

B u t  as  o n e  b e g in s  to  p r o b e  i n t o  a  few  f u n d a m e n ta i s ,  h e  s o o n  f in d s  th a t  
m a n y  o f  th e  p ro b le m s  o f  th e  s a te l l i t e  t r a je c to r y  a n d  t h e i r  S o lu t io n s  a r e  o v e r  
th r e e  h u n d r e d  y ea rs  o ld .  M a y b e  e v e n  m o re  s u r p r i s in g  is h is  d is c o v e ry  t h a t  
a  n u m b e r  o f  th e  b a s ic  la w s  g o v e r n in g  th e  o r b i t s  o f  p la n e t s ,  w h ic h  a r e  v e ry  
s im i la r  to  s a te l l i te  o r b i ts ,  w e re  d e v e lo p e d  w i th  o n ly  th e  s im p le s t  o f  m a t h e ­
m a t ic a l  th e o r)-  a n d  th e  c r u d e s t  o f  th e  s c ie n t if ic  in s t r u m e n ts .  T h e  g r e a t  
p io n e e r s  w h o  f o r m u la te d  th e  la w s  o f  p la n e t a r y  m o t io n  h a d  n o  h ig h -s p e e d  
e le c t r o n ic  c o m p u te r s  to  p e r f o r m  t h e i r  c a lc u la t io n s  o r  to  te s t  t h e i r  t h e o r e t i c a l  
c o m p u ta t io n s  o f  th e  r ig id  p a th s  th e y  p o s t u la t e d  b y  s c ie n t if ic  la w  f o r  th e  a n -  
c ie n t  “ w a n d e r in g ” p la n e ts .

I n  th e  1957 S u m m e r  Is su e  o f  th e  Air University Quarterly Revieiv a p -  
p e a r e d  a  v e ry  t im e ly  a r t ic le ,  “ N o te s  o n  T e c h n i c a l  A s p e c ts  o f  B a l l i s t ic  M is- 
s i le s .” R e a c t io n s  f r o m  s tu d e n t s  a n d  f a c u l ty  a l ik e  a t  th e  A i r  C o m m a n d  a n d  
S ta ff C o lle g e  o f  th e  A ir  U n iv e r s i ty  i n d ic a t e d  t h a t  th e  th e o r ie s  it r e l a t e d  to  
th e  b a l l is t i c  m iss ile  w e re  o f  e x t r e m e  i n t e r e s t  a n d  w e ll p r e s e n te d .  S o m e  f e l t  
in  a d d i t i o n  th a t  th e  a c c e le r a te d  in te r e s t  in  a s t r o n a u t i c s  m ig h t  ju s t i f y  a b r ie f  
re v ie w  o f  th e  m o re  f u n d a m e n ta l  a s p e c ts  o f  a n a ly t i c a l  g e o m e tr y  to  a ss is t in  
u n d e r s t a n d in g  m iss ile  t r a je c to r ie s .  A c c o rd in g ly  a n  a t t e m p t  w ill  b e  m a d e  to  
p r e s e n t  th e  b as ic  c o n ic  s e c t io n  f o r m u la s  b e a r i n g  o n  th e s e  t r a je c to r ie s ,  t o g e th e r  
w ith  a few  o f  th e  law s o f  p h y s ic s  a n d  c o n c e p ts  o f  a s t r o n o m y  i l l u m i n a t i n g  th e  
o r b i t s  o f  m issiles .

M o s t o f  th e  m a te r i a l  p r e s e n te d  h e r e *  h a s  b e e n  d ig e s te d  f r o m  v a r io u s  te x t-  
b o o k s  in  m a th e m a t ic s ,  p h y s ic s , a n d  a s t r o n o m y , a n d  n o  o r i g i n a l i ty  is c la im e d  
fo r  th e  s ta te d  fo rm u la s .  I t  is h o p e d ,  h o w e v e r ,  t h a t  w h a t  is o f fe re d  m a y  a c t  
a s  a  c a ta ly s t  fo r  a i r m e n  in  s t i m u l a t in g  th e m  to  b e c o m e  m o r e  k n o w le d g e a b le  
in  m a th e m a t ic s ,  a n d  p a r t i c u l a r ly  th e  m e c h a n ic s  p h a s e  o f  p h y s ic s . F o r  a n y  
g e n u in e  u n d e r s t a n d in g  o f  th e  b a l l i s t i c  m is s ile  o r  s a t e l l i t e  o r b i t s  t h e  f u n d a ­
m e n ta i s  o f  th e i r  m a th e m a t ic s  a n d  p h y s ic s  m u s t  b e  u n d e r s to o d .

* The author wishes to express his appreciation for the valuable comments and suggestions 
gí'en  by Dr. J .  A. Greenwood, Mathematician, Physical Vulnerability Division, Directorate of 
Intclligence, Headquarters USAF; and Dr. Vladimir Rojansky, Physicist, Space Technology 
Laboratories, The Ramo-Wooldridge Corporation, Inglewood, Califórnia, in their review of the 
original draft of this paper.
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T h e  s e q u e n c e  o f  th e  m a te r ia l  to  b e  p re s e n te e i  w ill  b e :

a . A  d is c u s s io n  o f  c o n ic s  o r  c o n ic  s e c tio n s  f r o m  b o th  a  m a th e m a t ic a l  
a n d  a  g r a p h ic a l  s t a n d p o i n t .

b . A  b r i e f  d is c u s s io n  o f  th e  law s  o f  N e w to n  a n d  K e p le r .

c. A  d is c u s s io n  o f  b a s ic  f o r m u la s  r e l a t i n g  to  p r in c ip i e s  o f  a s t ro n a u t ie s .

d . A  b r i e f  d is c u s s io n  o f  p h y s ic a l  c o n s ta n t s  w h ic h  a r e  o f  m a jo r  im - 
p o r ta n c e  in  a s t r o n a u t i e s .

e. A  s e r ie s  o f  p r o b le m s  w i th  w h ic h  th e  r e a d e r  m a y  try  h is  h a n d  in  th e  
a p p l i c a t io n  o f  th e  m a th e m a t ic s  a n d  p h y s ic s  d isc u sse d .

C o n ic  S e c t io n s

F ir s t  w e  s h a ll  c o n s id e r  th e  v a r io u s  ty p e s  o f  c o n ic  s e c tio n s .  B y d e f in i t io n ,  
c o n ic s  o r  c o n ic  s e c t io n s  a r e  f o r m e d  w h e n  a  p l a n e  in te r s e c ts  a r i g h t  c i r c u la r  
c o n e . T h e s e  s e c t io n s  c a n  b e  a  s t r a ig h t  l in e ,  a  c ir c le , a  p a r a b o la ,  a n  e ll ip s e ,  
o r  a  h y p e r b o la .

I n  o r d e r  to  m in im iz e  d is c u s s io n  a n d  d e ta i l s  m a n y  d ia g r a m s  a n d  i l lu s t r a -  
t io n s  w ill  b e  s h o w n . I n  th e  d e v e lo p m e n t  o f  th e  m a t h e m a t ic a l  f o r m u la s  o n ly  
th e  k e y  p o in ts  w ill  b e  s t a te d ,  a n d  th e  r e a d e r  w il l  b e  l e f t  to  c o m p le te  th e  d e r i-  
v a t io n s  f ro m  s t a n d a r d  te x ts ,  i f  h e  d e s ire s .

A n a ly t i c a l  g e o m e t r y  is th e  b r a n c h  o f  m a th e m a t ic s  w h ic h  a s s e m b le s  th e  
f u n d a m e n ta i s  o f  a lg e b r a ,  g e o m e try ,  a n d  t r i g o n o m e t r y  f o r  d e t a i l e d  a n a ly s is  
in  v a r io u s  ty p e s  o f  e q u a t io n s .  O n e  o f  i ts  m o s t  i m p o r t a n t  to o ls  is th e  r e c ta n g le  
c o o r d i n a t e  sy s tem , as a  m e a n s  o f  l o c a t in g  p o in t s  in  a  p l a n e  o r  th r e e -d im e n -  
s io n a l  sp a c e . T o  lo c a te  p o i n t s  a c c u r a te ly  in  th e  r e c t a n g u l a r  f r a m e , c o o r d in a te  
o r  p l o t t i n g  p a p e r  is u s e d .

Rectangular Coordinate System

F ig u r e  1 sh o w s  tw o  a x e s , th e  h o r iz o n ta l  o r  X  a x is  a n d  th e  v e r t ic a l  o r  Y 
a x is , d r a w n  p e r p e n d i c u l a r  to  e a c h  o t h e r  a n d  i n t e r s e c t in g  a t  th e  p o in t  O,

C olonel Jo h n  F . B ab co ck  is D eputy  C om m an dan t fo r  E d u catio n , Air Com m and 
an d  S ta f f  C ollege. F ro m  1951 to 1 9 5 6  he was D irector o f A ir W eapons C ourses, 
A ir U niversity . D u rin g  W orld W ar II he was Air C hem ical O fficer, F a r  E ast  Air 
Service C om m and. Su b seq u en t assign m en ts have been as C om m an dan t, Air C hem i-
cal Sch oo l, K eesle r  A F B ; an d  from  1 9 4 6  to 1951 in H ead q u arters U SA F, first as Air 
C hem ical O fficer, then as C h ie f, O p eration s D iv ision , D irectorate o f  A rm am ent, and 
fin ally  as C h ie f, A rm am ent D ivision , D irectorate  o f B esearch  and D evelopm ent. 
C olonel B ab co ck  attended low a S ta te  C ollege and the U niversity o f  Southern  C ali-
fó rn ia , an d  is a g rad u ate  o f  the C om m and an d  G eneral S ta ff School, the In dus-
tria l C ollege o f  the A rm ed F orces, the Atom ic E n ergy  C ourses o f  the Arm ed Forces 
Sp ec ia l W eapon s P ro ject, an d  o f  the ch em ical an d  b io logical w arfare  school».
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Fig. 1

c a l le d  th e  o r ig in .  T h e s e  a x e s  d iv id e  th e  p la n e  i n t o  f o u r  q u a d r a n t s ,  s t a r t in g  
w i th  Q u a d r a n t  I  in  th e  u p p e r  r i g h t - h a n d  c o r n e r  a n d  m o v in g  c o u n te rc lo c k -  
w ise  f o r  Q u a d r a n t s  I I ,  I I I ,  a n d  IV .

T h e  p o i n t  P (3 , 4 ) in d ic a te s  t h a t  th i s  is a  p o i n t  in  th e  firs t q u a d r a n t ,  
th r e e  u n i t s  to  th e  r i g h t  o f  th e  Y a x is  a n d  f o u r  u n i t s  a b o v e  th e  X  a x is . T h e  
r e f e r e n c e  P2(—4, 2 ) S ta tes  t h a t  p o i n t  P2 l ie s  f o u r  u n i t s  to  th e  le f t  o f  th e  Y a x is  
a n d  tw o  u n i t s  a b o v e  th e  X  a x is . B y in s p e c t io n  o t h e r  p o in t s  c a n  b e  id e n t i f i e d  
e a s ily  f r o m  t h e i r  r e s p e c t iv e  p o s i t io n s  in  r e l a t i o n  to  th e  o r i g in ,  as  i n d ic a t e d  
b y  t h e i r  c o o rd in a te s .

. . . rectangular coordinates

I n  m a n y  cases  sp e c if ic  n u m e r ic a l  c o o r d in a t e s  a r e  n o t  k n o w n ;  h o w e v e r ,

y

th e  sy m b o l fo r  a  p o i n t  P c a n  b e  w r i t t e n  a s  P(x,y)  a s  s h o w n  in  F ig u r e  2. T h i s  
n o t a t i o n  m e a n s  th e  p o i n t  P is lo c a te d  x u n i t s  to  th e  r i g h t  o f  th e  Y a x is  a n d
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y u n i t s  a b o v e  th e  X  a x is . T h e  s ig n  p r e c e d in g  x o r  y m a y  b e  e i t h e r  p lu s  ( + )  
o r  m in u s  ( —); th e r e f o r e  in  a c c o rd  w ith  th e  s ig n s , p o i n t  P c o u ld  l ie  in  a n y  o f 
th e  f o u r  q u a d r a n t s .  I f  a p e r p e n d i c u l a r  is d r o p p e d  f ro m  p o i n t  P to  th e  X  
a x is , th e  r ig h t  t r i a n g le  OPX  is f o rm e d  a n d  i t  is r e a d i ly  se e n  f ro m  th e  P y th a g -  
o r e a n  th e o r e m  t h a t  OP =  x 2 y-.

. . . equation of a straight line

I n  F ig u r e  3, u s in g  th e  r e c t a n g u l a r  c o o r d in a t e  sy s tem , th e  l in e  L in te r -  
sec ts  th e  X  a x is  a t  A a n d  th e  Y a x is  a t  B. L e t  P (x , y) b e  a n y  p o i n t  o n  th e
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F ig . 3 F ig . 4

l in e  L a s  s h o w n . T h e  l in e  L m a k e s  th e  a n g le  t h e t a  (0) w i th  th e  X  a x is . N o w  
d r a w  a  l in e  T  t h r o u g h  p o i n t  O, th e  o r ig in .  p a r a l l e l  to  l in e  L. N e x t  d ra w  PN 
p e r p e n d i c u l a r  to  th e  X  a x is . PX  w il l  th e n  b e  p a r a l l e l  to  th e  Y a x is .

L e t  OB — b a n d  le t  t a n g e n t  0 — m. T h e n  PX — QX A- PQ, QN =  ON 
t a n  0, PN =  y, ON =  x ,  a n d  P Q  =  OB. T h e r e f o r e  b y  s u b s t i t u t i o n  in  th e  
e q u a t i o n  PN =  QN +  P Q :

y =  rnx +  b

T h i s  is th e  g e n e r a l  e q u a t i o n  o f  th e  s t r a i g h t  l in e  L. N o t ic e  th is  is a  first- 
d e g r e e  e q u a t i o n ,  as x  a n d  y a p p e a r  in  it  to  th e  firs t p o w e r .  T h i s  m e a n s  th e  
l in e  L  c a n  in te r s e c t  th e  X  a n d  Y a x e s  o n ly  o n c e .

. .  . polar coordinates

I n  a d d i t i o n  to  th e  r e c t a n g u l a r  c o o r d i n a t e  sy s te m  a n o t h e r  a n d  s o m e tim e s  
m o r e  c o n v e n ie n t  sy s te m  k n o w n  as p o l a r  c o o r d in a t e s  is u s e d , as i l l u s t r a te d  in  
F ig u r e  4 . I t  is a p p a r e n t  t h a t  a n y  p o i n t  P  in  th e  p la n e  c a n  b e  d e s c r ib e d  by 
g iv in g  i ts  d is ta n c e  r  f r o m  th e  o r ig in  O a n d  th e  a n g le  6 th e  l in e  OP m a k e s  
w i th  th e  X  a x is , m e a s u r e d  in  a  c o u n te r c lo c k w is e  d i r e c t io n .  T h e  X  a x is  is 
t h e n  r e f e r r e d  to  a s  th e  i n i t i a l  l in e  a n d  O  as th e  o r ig in  o r  p o le .  T h e  l in e  r
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a n d  th e  a n g le  9 a r e  c a l le d  th e  p o la r  c o o r d in a te s  o f  th e  p o i n t  P. T h e  le n g th  
o f  OP o r  r is c a lle d  th e  r a d iu s  v e c to r .

Circie

By d e f in i t io n  a c ir c le  is th e  p a t h  o f  a p o i n t  ( c a l le d  th e  lo c u s )  w h ic h  
m o v e s  in  a p la n e  so  as to  m a i n t a i n  a  c o n s t a n t  d is ta n c e  í r o m  a  f ix e d  p o in t  
c a lle d  th e  c e n te r .

. . . with center at origin

I f  in  F ig u r e  5 th e  c e n t e r  l ie s  a t  th e  o r ig in  O  o f  a r e c t a n g u l a r  f r a m e , th e  
c ir c le  c a n  b e  e x p re s s e d  b y  th e  e q u a t i o n

« 3 , 0  Ox* +  y  =  r

T o  d e m o n s t r a te  a u se  o f  th is  e q u a t i o n ,  c o n s id e r  w h a t  w il l  b e  th e  r a d iu s

r

Fig. 5

o f  a  c ir c le  w h e n  its  c e n t e r  is a t  t h e  o r ig in  O in  th e  r e c t a n g u l a r  f r a m e , if  a 
p o i n t  o n  th e  c irc le  is lo c a te d  a t  P (3, 4 ):

r  =  x2 - f  y2 
r  =  25 
r  =  5

. . . with center not at origin

S u p p o s e  th e  c e n t e r  o f  th e  c ir c le  is n o t  a t  O b u t  is lo c a te d  a t  s o m e  o t h e r  
p o i n t ,  C (h, k).

A s se e n  f ro m  F ig u r e  6, P(x, y ) is a n y  p o i n t  o n  th e  c ir c le  w i th  i ts  r a d iu s  
r  e q u a l  to  PC. By in s p e c t io n  o f  th e  f ig u re , PS =  y, OS =  x, ON =  h, CN =  
k =  TS. F u r th e r ,  PT =  PS_- TS a n d  OS -  ON =  NS =  CT. I n  th e  tr i-  
a n g le  CTP  w e h a v e  PT2 -j- CT2 =  r 2. By s u b s t i t u t i o n  in  P T 2 +  CT2 — r2, w e  
o b t a in  th e  fo l lo w in g :

(PS -  TS)3 +  (OS -  ON)2 =  r2

Cy ~  k)2 +  ( x - h ) 2= r >
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T h i s  e q u a t io n  is th e  g e n e r a l  e q u a t i o n  fo r  a c ir c le  w h e n  i ts  c e n te r  is n o t  a t  
th e  o r ig in .  S u p p o s e  th e  c e n t e r  o f  th e  c irc le  C  (h, k) w as lo c a te d  a t  th e  p o in t

F ig . 6

P ( 5, 6) a n d  th e  r a d iu s  o f  th e  c ir c le  w as 4 . I ts  e q u a t i o n  w o u ld  th e n  b e  
(y -  6 )2 +  (x  -  5 )2 =  4 2, o r  x 2 -  lO x +  /  -  I2y +  45  =  0.

Sim ilarities of Certain Conic Sections

T h e  th r e e  c o n ic  s e c tio n s ,  th e  p a r a b o la ,  th e  e l l ip s e ,  a n d  th e  h y p e r b o la ,  
a r e  o f  p a r t i c u l a r  i m p o r ta n c e  in  o r b i t  c o m p u ta t io n s .  C e r t a i n  l ik e  te rm s  ([fo- 
cus, directrix, a n d  eccentricity) a p p e a r  in  t h e i r  r e s p e c t iv e  d e f in i t io n s  a n d  
s h o u ld  b e  u n d e r s to o d  b e f o r e  p r o c e e d in g  w i th  th e m .

Focus. T h e  fo c u s  is a f ix e d  p o i n t  o f  r e f e r e n c e  w i th  r e s p e c t  to  th e  c o n ic  
s e c t io n  a n d  is lo c a te d  o n  i ts  m a j o r  a x is .

Directrix. T h e  d i r e c t r i x  is a  f ix e d  s t r a i g h t  l in e  w h ic h  is a lso  u s e d  as 
a  r e f e r e n c e  a n d  is p e r p e n d i c u l a r  to  th e  m a j o r  a x is  o f  t h e  c o n ic .

Eccentricity. T h e  e c c e n tr ic i ty  is a n u m e r ic a l  c o n s t a n t  d e s ig n a te d  b y  
th e  l e t t e r  e a n d  is d e t e r m i n e d  by  th e  f o l lo w in g  f o r m u la :

d i s t a n c e  o f  a n y  p o i n t  o n  th e  c o n ic  f ro m  th e  fo c u s
e — ------------------------ --------------------------------------------------------------

d i s t a n c e  o f  t h e  p o i n t  f r o m  th e  d i r e c t r i x

I t  w il l  b e  s e e n  t h a t  th e  s h a p e  o f  th e  c o n ic s  is d e t e r m i n e d  b y  th e  v a lu e  
o f  t h e  e c c e n tr ic i ty  e. W h e n

e — 1 t h e  c u r v e  is a  p a r a b o la  

e <  1 th e  c u r v e  is a n  e l l ip s e  

e =  0 th e  c u r v e  is a  c ir c le  ( s p e c ia l  c a se ) 

e >  1 th e  c u r v e  is a  b r a n c h  o f  a  h y p e r b o la
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. .  . parabola
T h e  p a r a b o la  is th e  lo c u s  o f  a  p o i n t  w h ic h  m o v e s  so  t h a t  i ts  d is ta n c e  

f r o m  a f ix e d  p o in t  c a l le d  th e  fo c u s  is e q u a l  to  i ts  d is t a n c e  f r o m  a  f ix e d  s t r a ig h t  
l in e  c a l le d  th e  d i r e c t r ix .

I n  F ig u r e  7 le t  F  b e  th e  fo c u s  a n d  YY' t h e  f ix e d  l in e  o r  d i r e c t r ix .  L e t  
OF =  2a a n d  P(x, y) b e  a n y  p o i n t  o n  th e  c u rv e . D ra w  th e  l in e  PP' p e r p e n ­
d ic u la r  to  X X ' a t  N  a n d  d r a w  LL ' p e r p e n d i c u l a r  to  X X ' a t  p o i n t  F. A lso  
d r a w  th e  l in e s  LK  a n d  PM p e r p e n d i c u l a r  to  YY'. B y d e f in i t i o n  o f  a  p a r a b o la  
th e  e c c e n tr ic i ty  e e q u a ls  u n i ty  a n d  is a  c o n s t a n t  r a t io .  F r o m  th e  f ig u re , 
e =  PFjPM  o r  PF — PM, s in c e  e =  1. I n  th e  r i g h t  t r i a n g lc  PNF, PF‘ =  
p \ 2 +  NF*. S in c e  PF =  PM, t h e n  PM3 =  PN3 -j- FN3. B y s u b s t i t u t i o n ,  
x- =  y3 +  (x  — 2 a )2. S im p l i f y in g  th e  e q u a t i o n ,  w e  n o w  h a v e  y3 — 4 a (x  — a).

T h is  c u rv e  c u ts  th e  X  a x is  a t  p o i n t  A (a, o ). T h e  p o i n t  A is k n o w n  as 
th e  v e r te x  o f  th e  p a r a b o la .  T h e  c u r v e  c a n  b e  m o v e d  to  th e  le f t  so  t h a t  th e  
o r ig in  A l ie s  o n  p o i n t  O, a n d  th e  e q u a t i o n  w il l  t h e n  b e c o m e  y3 =  4 a x . T h e  
fo c u s  o f  th e  t r a n s f e r r e d  e q u a t i o n  is a t  (a, o) a n d  th e  d i r e c t r i x  is th e  l in e  
x  -}- a =  o.

Fig. 7

I t  is n o te d  t h a t  th is  e q u a t i o n  is s e c o n d  d e g r e e  w i th  r e s p e c t  to  y a n d  firs t 
d e g re e  w ith  r e s p e c t  to  x . T h e  e q u a t i o n  f o r  a  p a r a b o la  c a n  a ls o  b e  d e r iv e d  
s u c h  t h a t  x* =  4ay. T h e  c u r v e  w o u ld  th e n  b e  s y m m e tr ic a l  w i th  th e  Y ax is .

. . .  ellipse

T h e  e l l ip s e  m a y  b e  d e f in e d  as th e  lo c u s  o f  a  p o i n t  w h ic h  m o v e s  so  t h a t  
i ts  d is ta n c e  f ro m  a  f ix e d  p o i n t  c a l le d  th e  fo c u s  m a i n t a in s  a  c o n s t a n t  r a t io  e, 
w h ic h  is less th a n  u n i ty ,  to  i ts  d is ta n c e  f r o m  a  f ix e d  l in e  c a l le d  th e  d i r e c t r ix .

T h e  e q u a t io n  fo r  th e  e l l ip s e  w ill  n o t  b e  d e r iv e d ,  b u t  p e r t i n e n t  p o in ts  
w ill b e  n o te d  w h ic h  s h o u ld  a ss is t th e  r e a d e r  in  d e a l in g  w i th  th e  s t a n d a r d
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e q u a t i o n  o f  th e  e l l ip s e .  I n  F ig u r e  8, F  a n d  F' a r e  th e  fo c i. T h e  l in e  KL is 
th e  d i r e c t r i x  a n d  F' a n d  l in e  K'L' a r e  s y m m e tr ic a l  to  F a n d  l in e  LK. OA =  
OA' =  a, th e  s e m i-m a jo r  a x is  o f  th e  e ll ip s e .  OC =  b, th e  s e m i-m in o r  ax is .

F ig . 8

T h e  e c c e n tr ic i ty  e e q u a ls  PF/PM , f r o m  th e  d e f in i t i o n  o f  th e  e l l ip s e .  T h e  ec- 
c e n t r i c i ty  e a lso  e q u a ls  AFf AN.

I n  th e  fo rm a l  d e r iv a t io n  o f  th e  e q u a t i o n  fo r  a n  e l l ip s e  th e  fo l lo w in g  
r e s u l ts :

1

T h i s  e q u a t i o n  is a n  e x p r e s s io n  o f  th e  e l l ip s e  in  te r m s  o f  p o i n t  P (x, y), th e  
l e n g th  o f  th e  s e m i-m a jo r  a x is  a, a n d  th e  e c c e n tr ic i ty  e. T h e  s t a n d a r d  e q u a ­
t io n  fo r  th e  e l l ip s e  is o b t a i n e d  b y  s u b s t i t u t i n g  b2 f o r  < r ( l  — e 2), w h ic h  g ives

T h e  e q u a t i o n  n o w  e x p re s s e s  th e  e l l ip s e  in  te r m s  o f  p o i n t  P(x, y), th e  sem i- 
m a j o r  a x is  a, a n d  th e  s e m i- m in o r  a x is  b.

T h i s  is o n e  o f  th e  m o s t  i m p o r t a n t  e q u a t i o n s  in  d e t e r m i n in g  th e  p a t h  o f  a 
p l a n e t  as  i t  m a k e s  a n  e l l i p t i c a l  o r b i t  a r o u n d  th e  s u n .  I t  is a ls o  o f  e x t r e m e  
v a lu e  in  m is s ile  c o m p u t a t i o n s  in  d e t e r m i n i n g  th e  p a t h  o f  a  s a te l l i t e  w h e n  its  
o r b i t a l  v e lo c i ty  v a r ie s  f r o m  5 m ile s  p e r  s e c o n d  to  7 m ile s  p e r  s e c o n d .

. . . hyperbola

T h e  h y p e r b o la  is d e f in e d  as t h e  lo c u s  o f  a  p o i n t  w h ic h  m o v e s  so t h a t  its  
d i s t a n c e  f r o m  a f ix e d  p o i n t  c a l le d  th e  fo c u s  m a i n t a in s  a  c o n s t a n t  r a t io ,  w h ic h
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is g r e a te r  t h a n  u n i ty ,  to  its  d is ta n c e  f r o m  a  f ix e d  s t r a ig h t  l in e  c a l le d  th e  d i-  
r e c t r ix .

I n  F ig u re  9  th e  fo c u s  is F a n d  th e  d i r e c t r ix  is l in e  MZ a n d  th e  e c c e n - 
t r ic i is  e — FA AZ o r  PF PM. T h e  l in e  M'Z' a n d  p o i n t  F* a r e  s v m m e tr ic a l  to  
l in e  MZ a n d  p o i n t  F.

Y

f* 9

I n  th e  f o r m a l  d e r i s a t i o n  o f  th e  e q u a t i o n  o f  th e  h y p e r b o l a  th e  f o l l o w i n g  

e x p r e s s i o n  is o b t a i n e d :

— ^ -  =  i
a 1 a *  (1 —  O

Sinte bv defm ition  the e t te n ir it i is  e is greater tlian 1, by in s p e c t io n  u* ( l  — 
cr) is ncgative. i hereforr — £>’ o  substitu ted  for a * ( l  — e*), an d  the stan dard  
equation  for a hyperbola is forrned:

x* y*

a ' b*

I h i t  e q u a t i o n  h a *  c n n s i d r r a b i c  i i g m h c a n c c  in  m m i l e  c o m p u t a t i o n .  p ar-  

t i c u l a r ly  w h e n  a v i t c l l i t r  is g i s e n  a v e k x i t y  in  c x c e s s  o f  7 rn i le s  p e r  s e c o n d .

The Seitiofn of a Circular Cone

S o  fa r  we h a s r  d m u v s e d  th* c o m e s  o r  t o m e  a e c t io n s  m o r e  o r  le s s  ab-

s t r a c t h  \  d r a r r r  p i c t u r e  o f  th e  f o r m u l a s  th a t  h a  v e  b e e n  d e r i v e d  m a y  re-

%ult f r o m  a n  r x h t b i t i o n  o f  th e ir  r e l a t i o n  t o  a  t h r c c d i m c n s i o n  g c o m e t r i c a l  

f ig u r r  the n g h t  c i r c u l a r  c o n e .  In  h i g u r e  10 let l i n e *  / .  a n d  Aí in tc r s e c t  a l  

a  p o i n t  P W it h  PI. a s  a n  a x i s .  r o t a t c  th e  l i n e  PM * o  t h a t  a  r i g h t  c i r c u l a r

c o n e  is g e n c r a t e d  a s  in  th e  f ig u r e  In  th e  r i g h t  c i r c u l a r  c o n e ,  PL is th e  a l t i -

tu d e .  ML is th e  r a d i u s  o f  th e  b a s e  c i r t l e .  a n d  th e  l i n e  PM is c a l l e d  a n  e l e m e n t .
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I f  w e  w e re  to  im a g in e  a p la n e  in te r s e c t in g  th e  r ig h t  c o n e  in  s u c h  a m a n -  
n e r  t h a t  it p asses t h r o u g h  o n ly  th e  e le m e n t  PM, a s  in  F ig u r e  10a, th e  in te r -  
s e c tio n  o f  th e  p la n e  a n d  th e  c o n e  w o u ld  b e  a  s t r a ig h t  l in e .  T h i s  l in e  PM 
c o u ld  th e n  b e  d e f in e d  m a th e m a t ic a l ly  in  te r m s  o f  i ts  l e n g th  PM a n d  th e  
t a n g e n t  o f  th e  a n g le  0 i t  m a k e s  vvith th e  l in e  ML. O r ,  a s  w e  d e f in e d  p re -  
v io u s ly , y =  mx +  b.

T h e  curve o f  i n te r s e c t io n  o f  a  r i g h t  c i r c u la r  c o n e  b y  a  p la n e  is c a l le d  a 
c o n ic  s e c tio n , o r  s im p ly  a c o n ic .

. . . the circle

L e t  us p a s s  a p la n e  t h r o u g h  th e  c o n e  p e r p e n d i c u l a r  to  th e  l in e  PL. A s is 
se e n  f ro m  F ig u re  10b , th e  s e c t io n  c u t  is a  c ir c le ,  o r ,  as  is u s u a l ly  s a id , th e  c u t-  
t in g  p la n e  g e n e r a te s  a  c i r c u l a r  s e c t io n ,  o r  c ir c le . T h i s  c ir c le  c a n  b e  e x p re s s e d  
by  th e  e q u a t io n

0 . 0  o
** +  y- =  r

. . . the ellipse

N e x t  p a s s  a p la n e  t h r o u g h  th e  c o n e  a t  o t h e r  t h a n  r i g h t  a n g le s  to  PL, in  
su c h  a m a n n e r  t h a t  th e  s e c t io n  g e n e r a te d  is c lo se d , F ig u r e  10c. T h i s  s e c tio n  
is a n  e l l ip s e  a n d  c a n  b e  e x p re s s e d  b y  th e  e q u a t i o n

. . . the parabola

I f  w e  p ass  a p la n e  th r o u g h  th e  c o n e  in  s u c h  a  m a n n e r  t h a t  i t  is p a r a l l e l  
to  a n  e le m e n t  o f  th e  c o n e , i.e ., t h e  l in e  PM’, a  p a r a b o la  is g e n e r a te d ,  as in  
F ig u r e  lO d. T h i s  s e c t io n  c a n  b e  r e p r e s e n t e d  b y  th e  e q u a t i o n

y- — 4 ax

I t  w ill b e  n o te d  t h a t  th is  s e c t io n  is o p e n .  I f  th e  c u r v e  g e n e r a t e d  in  th is  wray  
is e x t e n d e d  to w a rd  in f in i ty ,  th e  e n d s  o f  th e  c u r v e  w ill  a p p r o a c h  p a r a l le l i s m .

. . . the hyperbola

F in a l ly  if  w e c u t  th e  c o n e  a t  s t i l l  a  s m a l le r  a n g le ,  F ig u r e  lO e, i t  w ill  
g e n e r a te  a c u rv e  c a l le d  th e  h y p e r b o la ,  i .e ., a n g le  p is s m a l le r  t h a n  a n g le  <£. 
T h is  c u rv e , l ik e  th e  p a r a b o la ,  is o p e n  a n d  c a n  b e  e x p re s s e d  b y  th e  e q u a t i o n

x 2 y-

a2 b2

I t  w ill b e  n o te d  t h a t  a  s e c o n d  c o n e  h a s  b e e n  a d d e d  to  F ig u r e  lO e. T h i s  
u p p e r  c o n e  h a s  b e e n  g e n e r a te d  b y  e x t e n d i n g  th e  l in e s  PL a n d  PM t h r o u g h  P . 
I t  w ill b e  f u r t h e r  o b s e r v e d  t h a t  th e  u p p e r  c o n e  m a y  b e  c o n s id e r e d  a  m i r r o r



1 2 4 AIR UNIVERSITY Q U A R T E R L Y  REVIEW

im a g e  o f  th e  lo w e r  c o n e . C o n s e q u e n t ly  w h e n  th e  p la n e  is p a s se d  th r o u g h  th e  
lo w e r  c o n e , i t  w ill  in  t u r n  in te r s e c t  th e  u p p e r  c o n e , a n d  a  s e c o n d  h y p e rb o la ,  
s y m m e tr ic a l  a n d  e q u a l  to  th e  lo w e r  h y p e r b o la ,  w ill  b e  fo rm e d .

, . . importance of the ellipse

A lth o u g h  th e  d e t a i l e d  d e r iv a t io n s  fo r  b o th  th e  e l l ip s e  a n d  h y p e r b o la  
h a v e  b e e n  o m i t t e d ,  i t  is r e c o m m e n d e d  t h a t  th e  c o m p le te  d e r iv a t io n s  o f  th e se  
f o r m u la s  b e  o b t a i n e d  f r o m  a n y  s t a n d a r d  t e x t  o n  a n a ly t i c a l  g e o m e try . F ro m  
th e  s t a n d p o i n t  o f  c o m p u t in g  th e  t r a je c to r y  o f  a m is s ile  t h a t  is to  b e  f ire d  
f r o m  a g iv e n  p o i n t  A o n  th e  s u r fa c e  o f  th e  e a r th  to  a n o t h e r  p o i n t  B ( th e  ta r -  
g e t) ,  th e  e l l ip s e  a n d  i ts  b a s ic  e q u a t i o n  w il l  b e  o f  m a x im u m  in te r e s t  to  th e  
m is s i le m a n .

Size and Shape of the Ellipse

F r o m  th e  d is c u s s io n  so f a r  o f  c o n ic  s e c t io n s  i t  s h o u ld  b e  o b v io u s  t h a t  
th e  p a r t i c u l a r  size  o r  s h a p e  o f  a n  e l l ip s e  is a  f u n c t i o n  o f  its  m a j o r  a x is , its  
m i n o r  a x is , a n d  i ts  e c c e n tr ic i ty .  T h e  f o l lo w in g  m a y  h e lp  to  d e v e lo p  a  b e t t e r  
a p p r e c i a t i o n  o f  th e  v a r y in g  fo rm s  o f  a n  e l l ip s e  w h e n  (1) th e  e c c e n tr ic i ty  e 
r e m a in s  c o n s t a n t  a n d  th e  s e m i-m a jo r  a x is  a a n d  s e m i- m in o r  a x is  b v a ry ; a n d  
(2 ) w h e n  th e  e c c e n tr ic i ty  e is th e  v a r ia b le  a n d  th e  s e m i-m a jo r  a x is  a r e ­

m a in s  c o n s ta n t .

. . .  as a function of the semi-major axis

I n  F ig u r e  11 w e  s h a l l  c o n s id e r  a n  e l l ip s e  w i th  e c c e n tr ic i ty  e — 0 .75  a n d  
l e n g th  o f  th e  s e m i- m a jo r  a x is  a — 4 . O n  th e  s a m e  m a j o r  a x is  l in e ,  th r e e  ad -

Y

F ig . I I

d i t i o n a l  e ll ip s e s  a r e  c o n s t r u c te d  in  s u c h  a m a n n e r  t h a t  t h e i r  e c c e n tr ic i ty  r e ­
m a i n s  as 0 .75  b u t  t h e i r  s e m i- m a jo r  a x is  v a r ie s  a t  a  r a t io  1 :2 :3 :4 .

B y u s in g  th e  f o r m u la  f o r  th e  e l l ip s e



w h e n  a =  4 a n d  e =  0 .75  o r  s/4, w e so lv e  fo r  b:

O th e r  v a lu e s  fo r  b w h e n  a c h a n g e s  to  8, 12, 16 a r e  s h o w n  w ith  F ig u r e  11, 
w h ic h  a ls o  sh o w s th e  f o u r  r e s u l t i n g  e ll ip s e s . I t  is c o n c lu s iv e  t h a t  w h e n  th e  
e c c e n tr ic i ty  e r e m a in s  th e  s a m e  a n d  th e  m a jo r  a x is  v a r ie s ,  a  s e r ie s  o f  e ll ip s e s  
s im i la r  in  s h a p e  w ill  r e s u l t .

. . . as a function of eccentricity

N e x t  le t  us c o n s id e r  th e  e l l ip s e  w h e n  th e  s e m i-m a jo r  a x is  r e m a in s  c o n - 
s t a n t  a n d  th e  e c c e n tr ic i ty  v a r ie s  in  so m e  s p e c if ie d  r a t io ,  f o r  e x a m p le  1 :2 :3 . 
F ig u r e  12 w ill  d e m o n s t r a t e  th is  s e r ie s  o f  e ll ip s e s . A g a in  w e  u se  th e  f o r m u la  
f o r  th e  e ll ip s e :

N o w  in  b~ — a 1 2  3( l  — e~) th e  e c c e n tr ic i ty  e c h a n g e s  f r o m  0 .2 5  to  0 .5 0  to  0 .7 5 , 
b u t  th e  s e m i-m a jo r  a x is  a r e m a in s  c o n s t a n t  a t  4 :

b2 =  1611 -(� o r  b~ — 15 a n d  b =  y T 5

T h e  s e m i-m in o r  a x e s  o f  th e  o t h e r  tw o  e l l ip s e s  a r e  \ T 2  a n d  \ /7  r e s p e c t iv e ly . 
I t  w ill  b e  n o te d  f r o m  th e  f ig u re  t h a t  a s  th e  e c c e n tr ic i ty  in c re a s e s , th e

Y

X'

1 0.25 4 v^ís
2 0.50 4 v IT
3 0.75 4 V7"

e a b

X

Y '

F ig . 12
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s e m i- m in o r  a x is  d e c re a se s . T h i s  p a r t i c u l a r  r e l a t i o n s h ip  h a s  s ig n if ic a n c e  to  
th e  m is s i le m a n  in  lh e  c o m p u t a t i o n  o f  e l l ip t i c a l  o rb i ts .

Paths of the Satellite

I n  F ig u r e  13 a  s a te l l i t e  o r  a m a ss  m is c o n s id e re c l  to  b e  in  a  p o s i t io n  100 
m ile s  f r o m  th e  s u r f a c e  o f  th e  e a r th .  F u r t h e r ,  f o r  th e  p u r p o s e  o f  th is  a n a ly s is  
th e  e a r t h  is a s s u m e d  to  b e  a p e r f e c t  s p h e r e  a n d  to  p o ssess  n o  a tm o s p h e re ,  
so  t h a t  f r ic t io n a l  a i r  r e s is ta n c e  m a y  b e  d is c a r d e d  f ro m  th e  c o m p u ta t io n .  I f  
th e  s a te l l i t e  is f r e e  to  m o v e  a n d  if  n o  a d d i t i o n a l  v e lo c i ty  is im p a r t e d  to  it, 
i t  w il l  m o v e  d i r e c t ly  to w a r d  th e  e a r th .

v > 7  m i/ s e c  
(hyperbola)

N e x t  th e  s a te l l i t e  is a s s u m e d  to  b e  g iv e n  a n  e x t r e m e ly  h ig h  la t e r a l  s p e e d  
w h ic h  w o u ld  a p p r o a c h  th e  s p e e d  o f  l ig h t .  T h e  p a t h  w h ic h  th e  s a te l l i t e  w ill  
t h e n  t a k e  is a  s t r a i g h t  l in e ,  as  i n d i c a t e d  in  t h e  f ig u re . I f  th e  s a t e l l i t e  is g iv e n  
a  v e lo c i ty  g r e a t e r  t h a n  7 m ile s  p e r  s e c o n d  ( m i / s e c ) ,  i t  w ill  fo l lo w  a h y p e r -  
b o l ic  p a t h ,  h a v in g  a  fo c u s  a t  th e  c e n t e r  o f  th e  e a r th .  T h i s  c o n ic  s e c tio n , as 
h a s  b e e n  e x p l a i n e d  p r e v io u s ly ,  w ill  h a v e  a n  e c c e n tr ic i ty  e g r e a t e r  t h a n  1. 
I f  t h e  s a te l l i t e  h a s  a  v e lo c i ty  o f  a p p r o x im a t e ly  7 m i / s e c ,  i t  w ill  fo llo w  a  p a r a -  
b o l ic  p a t h ,  w i th  fo c u s  a t  th e  c e n t e r  o f  th e  e a r th .  I t  w ill  b e  r e c a l l e d  t h a t  th e  
e c c e n t r ic i ty  e o f  a p a r a b o l a  is e q u a l  to  1. I f  th e  s a te l l i t e  is g iv e n  a  v e lo c i ty  
b e tw e e n  5 m i / s e c  a n d  7 m i / s e c ,  i t  w ill  fo l lo w  a n  e l l ip s e  w i th  th e  fo c u s  to  th e  
l e f t  o f  th e  o r ig in ,  th e  o n e  n e a r e s t  th e  s a te l l i t e ,  a t  th e  c e n t e r  o f  th e  e a r th .  I f  
th e  v e lo c i ty  i m p a r t e d  is a b o u t  5 m i / s e c  th e  s a te l l i t e  w ill  m o v e  in  a  c irc le ;  th e  
e c c e n t r ic i ty  e is t h e n  z e ro  (0 ). A n d  f in a l ly , a n  im p a r t e d  s p e e d  less t h a n  5 
m i / s e c  w ill  r e s u l t  in  a n  e l l ip s e ,  o f  w h ic h  th e  f a r th e s t  fo c u s  f ro m  th e  s a te l l i t e
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w ill b e  a t  th e  c e n te r  o f  th e  e a r th .  I t  w ill b e  n o te d  t h a t  th e  s a te l l i t e  is p ro -  
j e c te d  in  a l l  cases a t  a n  a n g le  o f  90  d e g re e s  w ith  th e  l in e  j o i n i n g  i t  to  th e  
c e n te r  o f  th e  e a r th .

T h e  th e o ry  a n d  th e  m a th e m a t ic a l  d e r iv a t io n s  o f  c o n ic  s e c t io n s  a r e  h u n -  
d re d s  o f  y e a rs  o ld ,  as  th e s e  v a r io u s  c u rv e s  a r e  m a n if e s t  i n  n a t u r e  to  b e  n o - 
t ic e d  b y  th e  m a th e m a t ic i a n  a n d  th e  s c ie n t is t  o f  a n y  a g e . W e  m a y  w e ll im ­
p ro v e  o u r  u n d e r s t a n d in g  o f  th e  o r b i t a l  p a t l is  t h a t  m is s ile s  w ill  fo llo w  in  
s p a c e  b y  r e v ie w in g  c e r ta in  f u n d a m e n ta l  o b s e r v a t io n s  m a d e  b y  J o h n  K e p le r  
(1571-1630). As th e  r e s u l t  o f  h is  a v id  in t e r e s t  in  th e  o r b i t  o f  M a rs  a s  it  c ir- 

c u m n a v ig a te d  th e  s u n ,  th is  G e r m a n  s c ie n t is t  h a s  p r o v id e d  th e  m is s i le m e n  o f  
to d a y  w i th  th r e e  v e ry  i m p o r t a m  c o n c e p tu a l  to o ls . I n  fa c t  th e  o r b i t a l  law s 
h e  p o s tu la t e d  a re  th e  b a s is  f o r  th e  s c ie n c e  o f  c e le s t ia l  m e c h a n ic s .

Kepler’s Laws of Planetary Motion

T h e  law s  o f  p la n e t a r y  m o t io n  t h a t  K e p le r  f o r m u la te d  f r o m  a s t r o n o m ic a l  
m e a s u r e m e n ts  a r e  a s  fo llo w s :

1. T h e  o r b i t  o f  e a c h  p l a n e t  is a n  e l l ip s e  w i th  th e  s u n  a t  o n e  o f  i ts  fo c i.
2. E a c h  p l a n e t  r e v o lv e s  so  t h a t  th e  l in e  j o i n i n g  i t  to  th e  s u n  sw e e p s  

o v e r  e q u a l  a re a s  in  e q u a l  in te r v a l s  o f  t im e .
3. T h e  s q u a r e  o f  th e  p e r io d  o f  r e v o l u t i o n  o f  a n y  p l a n e t  is p r o p o r t i o n a l  

to  th e  c u b e  o f  its  m e a n  d is ta n c e  f r o m  th e  s u n .

. . . the Law of Areas

A  m o re  d e t a i l e d  lo o k  a t  K e p le r ’s s e c o n d  law , o f t e n  c a l le d  th e  L a w  o f  
A re a s , is im p o r t a n t .  F r o m  th is  la w  w e a r e  a b le  to  a s c e r ta in  th e  c h a n g e  in  
v e lo c i ty  o f  a  s a te l l i t e  b y  its  p o s i t io n  a t  a n y  p o i n t  o n  a n  e l l ip s e  in  w h ic h  i t  
c i r c u m n a v ig a te s  th e  e a r th .  K e p le r  d re w  h is  c o n c lu s io n s  f r o m  o b s e r v in g  th e  
c o u rs e s  o f  th e  p la n e t s  in  t h e i r  o r b i t s  a r o u n d  th e  s u n .  I n  h is  s e c o n d  law , th e  
L a w  o f  A re a s , h e  s e t  f o r th  th e  p r i n c i p i e  t h a t  a s  th e  r a d iu s  v e c to r  o f  a  c irc le  
o r  a n  e l l ip s e  m a k e s  a c o m p le te  r e v o lu t io n ,  l ik e  a h a n d  r o u n d  th e  c lo c k  face , i t  
w ill, if th e  t im e  o f  r e v o lu t io n  is d iv id e d  i n to  e q u a l  p e r io d s ,  s w e e p  o v e r  e q u a l  
a re a s  o f  th e  c o n ic  d u r i n g  e a c h  p e r io d .

I n  F ig u re s  14a a n d  14b , w e  h a v e  a  c ir c le  w i th  e — 0  a n d  a n  e l l ip s e  w ith  
e — 0 .75 . T h e  d ia m e t e r  o f  th e  c ir c le  is e q u a l  to  th e  m a jo r  a x is  o f  th e  e ll ip s e .  
F o r  th e  c ir c le  th e  r a d iu s  v e c to r  is e q u a l  to  th e  r a d iu s .  N o w  in  F ig u r e  14a 
a llo w  th e  r a d iu s  v e c to r  to  s t a r t  a t  p o i n t  A a n d  to  s w e e p  c o u n te rc lo c k w is e  
a r o u n d  th e  c irc le . N o te  th e  e ig h t  s e p a r a t e  a r e a s  f o r m e d  b y  th e  r a d iu s  v e c to r  
d u r i n g  th is  r e v o lu t io n  if  i t  is d r a w n  s e p a r a te ly  to  th e  p o i n t s  h t h r o u g h  tB. 
A c c o rd in g  to  K e p le r ’s s e c o n d  la w  a l l  th e s e  s e g m e n te d  a r e a s  a r e  e q u a l ,  a n d ,  
b y  o b s e r v a t io n ,  th e y  a r e  a ls o  s y m m e tr ic a l .  T h e r e f o r e  a l l  th e  e ig h t  a re s  a r e  
e q u a l .  I f  w e  c o n s id e r  a m a ss  m s t a r t i n g  a t  A a n d  m a k in g  o n e  r e v o l u t i o n  in

T k e  L a w s o í  N e w to n
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a  c o u n te rc lo c k w is e  d i r e c t io n ,  th e  v e lo c i ty  o f  th e  m ass  m w o u ld  b e  th e  sa m e  
f o r  e a c h  o f  th e  e ig h t  a res .

T h e  e l l ip s e  in  F ig u r e  14b  y ie ld s  a  d i f f e r e n t  s i t u a t io n .  A g a in  a p p ly in g  
th e  L a w  o f  A re a s  a n d  a l lo w in g  th e  r a d iu s  v e c to r  to  s w e e p  o v e r  e q u a l  a re a s  in  
e q u a l  in te r v a l s  o f  t im e ,  i t  is n o t e d  t h a t  th e  a r e a s  a r e  n o t  s y m m e tr ic a l ,  s in c e  
th e  r a d iu s  v e c to r s  fo r  th e  e q u a l  a r e a s  a r e  n o t  e q u a l .  T h e  a r c  o f  S e c to r  I  is 
l a r g e r  t h a n  th e  a r c  o f  S e c to r  I I ,  a n d  th e  a r c  o f  S e c to r  V is th e  s m a lle s t  o f  a ll .

By a p p ly in g  K e p le r ’s seco n c l la w  in  a s t r o n a u t i e s  w e  see  t h a t  a  s a te l l i t e  
in  a n  e l l ip t i c a l  o r b i t  a b o u t  th e  e a r t h  w il l  b e  in  a  c o n s t a n t  s t a te  o f  a c c e le ra -  
t io n  o r  d e c e l e r a t io n  d e p e n d i n g  o n  i ts  p o s i t io n  w ith  r e g a r d  to  th e  fo c u s  o f  
i ts  o r b i t .  S in c e  a  s a t e l l i t e  r e v o lv in g  a r o u n d  th e  e a r t h  in  a n  e l l i p t i c a l  o r b i t  
w il l  h a v e  th e  e a r t h  a t  o n e  o f  i ts  fo c i, i t  m u s t  m o v e  a t  i ts  f a s te s t  s p e e d  w h e n  
i t  is n e a r e s t  th is  fo c u s  ( p e r ig e e )  a n d  s lo w e s t w h e n  i t  is m o s t  r e m o te  f r o m  
i t  ( a p o g e e ) .

Newtorís Laws of Motion

T h e  law s  o f  d y n a m ic s  f o r m u la te c l  b y  S ir  I s a a c  N e w to n  (1 6 4 2 -1 7 2 7 ) fo rm  
a n o t h e r  s e t o f  p r in c ip i e s  p e r t i n e n t  f o r  th e  m is s i le m a n . T h e s e  law s  o f  fo rc e  
a n d  m o t io n  m a y  b e  s t a te d  as fo llo w s :

1. E v e ry  b o d y  p e r s is ts  i n  i ts  s t a te  o f  r e s t  o r  o f  u n i f o r m  m o t io n  in  a 
s t r a i g h t  l in e  u n le s s  it  is c o m p e l le d  to  c h a n g e  t h a t  s t a te  b y  a  fo rc e  im p re s s e d  o n  
i t  b y  s o m e  o th e r  b o d y . S ta te d  a n o t h e r  w ay , b o d ie s  a t  r e s t  t e n d  to  r e m a in  a t  
r e s t ,  a n d  b o d ie s  in  m o t io n  t e n d  to  r e m a i n  in  u n i f o r m  m o t io n  u n le s s  a c te d  o n  
b y  o t h e r  b o d ie s .  T h i s  l a t t e r  s t a t e m e n t  is f r e q u e n t ly  r e f e r r e d  to  as  th e  L a w  
o f  I n e r t i a .

2. T h e  a c c e l e r a t io n  o f  a  b o d y  is d i r e c t ly  p r o p o r t i o n a l  to  th e  n e t  fo rc e  
a p p l i e d  to  it b y  o t h e r  b o d ie s ,  a n d  in v e r s e ly  to  th e  m a ss  o f  th e  b o d y ;  i t  ta k e s

's  =  r  *P

e =  0

F ig . 1 4 a

F ig . 1 4 b
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p la c e  in  th e  d i r e c t io n  o f  th e  s t r a ig h t  l in e  in  w h ic h  th e  n e t  fo rc e  is a c t in g .  T h i s  
law  is e x p re s s e d  b y  th e  f o r m u la  F =  ma.

3. F o r  e v e ry  a c t io n  th e r e  is a lw a y s  a n  e q u a l  a n d  o p p o s i t e  r e a c t io n .  I n  
o th e r  w o rd s  if  a  b o d y  A e x e r ts  a  fo rc e  o n  a  b o d y  B, t h e n  b o d y  B e x e r ts  a n  
e q u a l  a n d  o p p o s i te  fo rc e  o n  b o d y  A. I t  is i m p o r t a n t  to  n o te  t h a t  th e  a c t io n  
a n d  r e a c t io n  never a c t  o n  th e  s a m e  b o d y .

. . . uniform motion in a circle
S u p p o s e  t h a t  a  b o d y  o f  m ass  m is m o v in g  w ith  a  c o n s t a n t  s p e e d  u  in  a 

c irc le  o f  r a d iu s  r . A c c o rd in g  to  N e w to n ’s firs t la w  o f  m o t io n ,  a n  e x te r n a i  fo rc e  
m u s t  b e  a c t in g  o n  th is  b o d y ; o th e r w is e  it  w o u ld  m o v e  u n i f o r m ly  in  a s t r a ig h t  
l in e .  E le m e n ta r y  c o n s id e r a t io n s  sh o w  t h a t  th is  fo rc e  m u s t  b e  a c t in g  to w a r d  
th e  c e n te r  o f  th e  c ir c le , as is p e r h a p s  o b v io u s  in  th e  ca se  o f  a  s to n e  w h i r l e d  
a t  th e  e n d  o f  a  s t r in g .  T h e  f o r m u la *  f o r  th is  fo rc e  p ro v e s  to  b e

I n  o t h e r  w o rd s  if  w e  see  a b o d y  o f  m ass  rn m o v in g  w i th  th e  c o n s ta n t  s p e e d  
v in  a  c irc le  o f  r a d iu s  r, w e  c a n  c o n c lu d e  a t  o n c e  t h a t  a n o t h e r  b o d y  m u s t  b e  
p u l l i n g  i t  to w a rd  th e  c e n t e r  o f  th e  c ir c le  w i th  th e  fo rc e  m irjr .**

Newton’s Law of Universal Gravitation

T h e  g e n iu s  o f  X e w to n  w as e v id e n c e d  b y  th e  r e a s o n in g  to  sh o w  t h a t  th e  
th r e e  law s  o f  K e p le r  a r e  d e d u c e d  f r o m  a  s im p le  la w  o f  u n iv e r s a l  g r a v i t a t i o n .  
H e  s ta te d  th is  la w  as fo llo w s ; E v e ry  p a r t i c l e  o f  m a t t e r  in  th e  u n iv e r s e  a t t r a c t s  
e v e ry  o th e r  p a r t i c l e  w ith  a fo rc e  t h a t  v a r ie s  d i r e c t ly  as th e  p r o d u c t  o f  t h e i r  
m asses  a n d  in v e rs e ly  as th e  s q u a r e  o f  th e  d is t a n c e  b e tw e e n  th e m . By f o r m u la  
th is  la w  c a n  b e  e x p re s s e d  in  th e  f o l lo w in g  w ay :

F = G  HhJLEh (2 )
d2

F =  fo rc e  o f  a t t r a c t io n  m3 =  m ass  o f  s e c o n d  b o d y

G  =  u n iv e r s a l  c o n s t a n t  d =  d is t a n c e  b e tw e e n
o f  g r a v i t a t i o n  m a sse s

m , — m ass  o f  f irs t b o d y

T h e  c o n s ta n t  o f  g r a v i t a t i o n  G  is d e f in e d  as th e  fo rc e  o f  a t t r a c t i o n  b e tw e e n  
tw o  u n i t  m asses a t  u n i t  d is ta n c e  a p a r t .  I f  in  E q u a t io n  (2) m , a n d  b o t h  
e q u a l  1 g ra m  a n d  d is 1 c e n t im e te r ,  t h e n  G  e q u a ls  F. T h e  c o n s t a n t  G  is h e ld

*T his equation and other* discussed will be used in a series of problems on page 139. Each 
major equation is followcd by a number in parenthcscs for later reference.

* If a bgdy move* in a circle, the force pulling it toward the center of the circle is called the
centripctal" force. The reaction to this force ( which acts on the body that causes the first body 

to mo\e in a circlej is called the “ centrifugai" force. For example, whcn a stone is whirled on a 
string, the string applies to the stone the centripetal (inward) force and the stone applies to the 
ítring the centrifugai (outward) force.
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to  b e  th e  sa m e  t h r o u g h o u t  th e  u n iv e r s e ,  w h a te v e r  th e  p h y s ic a l  p r o p e r t i e s  o f 
th e  a t t r a c t i n g  p a r t ic le s  o r  t h e i r  s u r r o u n d i n g  c o n d i t io n s .  I n  th e  c e n t im e te r -  
g ra m -s e c o n d  sy s te m  th e  v a lu e  o f  G  is 6 .6 7 3  x  1 0 '8 dyne cm2/gm2 a n d  th u s  th e  
a t t r a c t i o n  b e tw e e n  1 -g ram  m asses  1 c e n t im e te r  a p a r t  is a b o u t  o n e  1 5 -m ill io n th  
o f  a  d y n e . T h e  g r a v i t a t i o n a l  fo rc e  w i th  w h ic h  th e  e a r t h  p u l l s  o n  a  s a te l l i te  
c a n  b e  w r i t t e n  as

(3)

w h e r e  M is th e  m a ss  o f  th e  e a r th ,  m th e  m ass  o f  th e  s a te l l i t e ,  a n d  R t h e  d is- 
t a n c e  f r o m  th e  c e n t e r  o f  th e  e a r t h  to  th e  s a te l l i t e .

A  b o d y  o f  m a ss  m  lo c a te d  a t  th e  s u r f a c e  o f  th e  e a r th  is p u l l e d  d o w n  w ith  
a  fo rc e  mg0, w h e re  g0 is th e  g r a v i t a t i o n a l  a c c e le r a t io n  a t  th e  s u r fa c e  o f  th e  
e a r th .  T h e  p u l l  a c t in g  o n  th is  b o d y  is th e  g r a v i t a t i o n a l  p u l l  o f  th e  e a r th ,  
a n d  is th e r e f o r e  e q u a l  to  GMm/R02 w h e re  R0 is th e  r a d iu s  o f  th e  e a r th .  C o n - 
s e q u e n t ly ,  mg0 — GMmJR02, a n d  th e r e f o r e

G  =  goRo2/M  (4)

T h e  e q u a t i o n  F — GMm/R2 c a n  th e r e f o r e  b e  w r i t t e n  in  th e  f o r m

F =  mg. ~  (5)
Jtt

w h ic h  is s o m e tim e s  m o r e  c o n v e n ie n t .
T h e  r e a s o n  fo r  th e  la w  o f  g r a v i t a t i o n  is s t i l l  n o t  c o m p le te ly  u n d e r s to o d  

to d a y ,  a l t h o u g h  th e  g e n e r a l  th e o r y  o f  r e l a t i v i ty  p r o v id e s  g o o d  c lu e s  to  i t .  I n  
o t h e r  w o rd s  th e  la w  o f  g r a v i t a t i o n  te l ls  how g r a v i ty  a c ts  b u t  d o e s  n o t  say  why.

A s o p p o s e d  to  o t h e r  a c c e p te d  s c ie n t if ic  a n d  m a th e m a t ic a l  p h e n o m e n a ,  
g r a v i t a t i o n  o ffe rs  s e v e r a l  n o t a b l e  d if f e re n c e s .  F o r  e x a m p le ,  l ig h t  c a n  b e  
r e f le c te d  o r  r e f r a c t e d ,  a n d  i ts  v e lo c i ty  is m e a s u r a b ly  r e d u c e d  w h e n  i t  is 
d i r e c t e d  t h r o u g h  a n y  t r a n s p a r e n t  m é d iu m .  B u t  t h e r e  is n o  e v id e n c e  to  in d i-  
c a te  t h a t  g r a v i t a t i o n  c a n  b e  e i t h e r  r e f le c te d  o r  r e f r a c te d ,  n o r  is th e r e  a n y  
n o t i c e a b le  r e d u c t io n  in  i ts  e f fe c t  b e tw e e n  tw o  m a sse s  w h e n  th e y  a r e  s e p a r a te d  
e i t h e r  b y  a t r a n s p a r e n t  o r  b y  a n  o p a q u e  s u b s ta n c e .

N e w to n ’s L a w  o f  G r a v i t a t i o n ,  F  =  Gnunu/d2, r e f e r s  to  o n ly  tw o  m asses  
a n d  suffices i n  th is  fo rm  f o r  s o lu t io n  o f  th e  “ tw o -b o d y  p r o b l e m .” I n  a c tu a l  
p r a c t i c e  w h e n  a p p l y i n g  N e w t o n ’s “ in v e r s e - s q u a r e  la w ” to  p r o b le m s  o f  a s tro -  
n a u t ic s ,  s e v e ra l  b o d ie s  m u s t  b e  t a k e n  i n t o  a c c o u n t  to  e m b r a c e  a l l  th e  fo rc e s  
t h a t  w o u ld  b e  r e a c t i n g  o n  a  g iv e n  b o d y  in  s p a c e . W e  t h e n  h a v e  th e  "AM x>dy 
p r o b l e m ,” o b v io u s ly  m u c h  m o r e  c o m p le x  t h a n  th e  tw o -b o d y  p r o b le m .

. . . the two-body problem

F o r  o u r  p r e s e n t  d is c u s s io n  w e  s h a l l  d e a l  w i th  o n ly  th e  tw o -b o d y , o r  tw o - 
p o i n t ,  p r o b le m .  I n  F ig u r e  15a, tw o  m asse s , nu a n d  m 2, a r e  a t  a  g iv e n  d is ta n c e  
d f r o m  e a c h  o th e r .  A s s u m e  t h a t  rm  h a s  10 t im e s  th e  m a ss  o f  m*. N e x t  c o n s id e r  
t h e  l in e  j o i n i n g  t h e i r  c e n te r s  as  a  r o d  o f  z e ro  w e ig h t  w i th  a  l e n g th  o f  11
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u n i ts .  T h i s  tw o -p o in t  p r o b le m  c o u ld  b e  c o n s id e r e d  to  b a la n c e  a t  p o in t  A o n  
th e  ro d , w h ic h  is o n e  u n i t  f ro m  th e  c e n te r  o f  rrii a n d  10 u n i t s  f ro m  m*. P o in t  
A is d e f in e d  as th e  c e n t e r  o f  m ass  o f  th e  tw o -b o d y  p r o b le m  a n d  is o f t e n

m , =  10

m , =  1 3 .2  X 10=* Ibs.

r e f e r r e d  to  as  th e  c e n t e r  o f  g r a v i ty  o f  th e  tw o -b o d y  sy s te m . U s in g  F ig u r e  
15b, a s su m e  t h a t  mi is a n  e x t r e m e ly  la r g e  m a ss  s u c h  as th e  e a r th ,  a n d  r a 2 is a 
s m a ll  m ass l ik e  th e  s a te l l i t e  V a n g u a r d .  B y th e  s a m e  a n a lo g y  as b e f o r e  in  
d e t e r m i n in g  th e  c e n t e r  o f  m ass , i t  is o b v io u s  t h a t  h e r e ,  f o r  a ll  p r a c t ic a l  p u r -  
p o ses , i t  w ill  b e  th e  c e n t e r  o f  m a ss  o f  th e  e a r th .  Y e t th o u g h  th e  c e n te r  o f  th e  
m ass  o f  th e  tw o  s e p a r a te  m asses  m a y  b e  c o n s id e r e d  a t  th e  c e n t e r  o f  th e  m ass  
o f  th e  la r g e r ,  t h e r e  is s t i l l  m u t u a l  a t t r a c t i o n  b e tw e e n  th e  tw o  m asses.

. . . the center of attraction

A n  i m p o r t a m  c o n s e q u e n c e  o f  th e  la w  o f  g r a v i t a t i o n  is t h a t  th e  a t t r a c t i o n  
o f  a s p h e r e  is a lw a y s  d i r e c t e d  to w a r d  i ts  c e n te r ,  as if  t h e  e n t i r e  m ass  o f  th e  
s p h e r e  w as c o n c e n t r a t e d  a t  t h a t  p o in t .

I n  c o m p u ta t io n  o f  m is s ile  t r a je c to r ie s  o n e  m u s t  r e m e m b e r  t h a t  th e  e a r th  
is n o t  a  t r u e  s p h e r e  b u t  a n  o b l a te  s p h e r o id .  C o n s e q u e n t ly  th e  fo rc e  o f  a t ­
t r a c t io n  u p o n  a  g iv e n  m ass  lo c a te d  o n  th e  s u r f a c e  o f  th e  e a r t h  is g r e a t e r  a t  
th e  p o le s  t h a n  if  th is  s a m e  m a ss  w e re  p o s i t io n e d  a t  th e  e q u a to r .  T h i s  is 
r e a d i ly  se e n  f r o m  N e w to n ’s L a w  o f  G r a v i t a t i o n ,  s in c e  th e  fo rc e  o f  a t t r a c t i o n  
v a r ie s  in v e rs e ly  as th e  s q u a r e  o f  th e  d is t a n c e  b e tw e e n  tw o  m asses .

. . . acceleration of the attracted body

A n o th e r  i m p o r t a n t  f a c t  o f  g r a v i t a t i o n a l  a t t r a c t i o n  is t h a t  if  tw o  b o d ie s  
a r e  a t t r a c t e d  to w a r d  e a c h  o t h e r  a n d  a r e  f r e e  to  m o v e , th e  a c c e le r a t io n  o f  th e  
attracted body is i n d e p e n d e n t  o f  i ts  m ass.

T h i s  fa c t c a n  b e  r e a d i ly  d e m o n s t r a t e d  b y  c o n s id e r in g  F ig u r e  15b. A s s u m e  
m i to  b e  th e  a t t r a c t i n g  b o d y  a n d  m 2 th e  a t t r a c t e d  b o d y . T h e  fo rc e  o f  a t t r a c ­
t io n  b e tw e e n  th e  tw o  m a sse s  is F =  G r a i r m /d 2. A c c o r d in g  to  N e w to n 's  s e c o n d  
la w  o f  m o t io n ,  m2 is a c c e le r a te d  to w a r d  th e  a t t r a c t i n g  b o d y  mx w i th  a n
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a c c e le r a t io n  a2, th e  fo rc e  b e in g  F2 =  m2a2. E q u a t in g  F a n d  F2, t h e n  rriM». =
Gmimz/d3 o r  a2 =  Gmi/d2.

T h i s  f o r m u la  d e m o n s t r a te s  t h a t  th e  a c c e le r a t io n  a2 o f  th e  a t t r a c t e d  b o d y  
is i n d e p e n d e n t  o f  its  m ass  m2, s in c e  i ts  m a ss  m2 d o e s  n o t  a p p e a r  in  th e  c le a re d  
e q u a t io n .

B a s ic  A s t r o n a u t ic  P r in c ip ie s

By n o w  th e  r e a d e r  s h o u ld  h a v e  a f e e l in g  fo r  th e  m a th e m a t ic s  r e l a t i n g  
to  c o n ic  s e c tio n s , fo r  th e  p h y s ic a l  c o n s ta n t s  p e r t a i n i n g  to  m iss ile s  o r  s a te l l i te s ,  
a n d  fo r  c e r ta in  f u n d a m e n ta i s  o f  p h y s ic s  c o n s id e r e d  in  o r b i t  c o m p u ta t io n s .  
W i t h  s u c h  to o ls  so m e  b a s ic  p r in c ip i e s  o f  a s t r o n a u t i c s  c a n  b e  d e v e lo p e d .  A  
s te p -b y -s te p  p r o c e d u r e  w ill  b e  u s e d  to  d e r iv e  s e v e ra l  f o r m u la s  a n d  e q u a t io n s  
w h e n  th e  m a th e m a t ic s  in v o lv e d  is r a t h e r  e le m e n ta r y .  S o m e  fo rm u la s  o r  
m a th e m a t ic a l  e x p re s s io n s  w ill  b e  in t r o d u c e d  w h ic h  m u s t  b e  a c c e p te d  a t  face  
v a lu e ,  as  t h e i r  d e r iv a t io n s  a r e  b a s e d  u p o n  p r in c ip i e s  a n d  la w s  c o n ta in e d  in  
c e le s t ia l  m e c h a n ic s ,  a l l  o f  w h ic h  a r e  b e y o n d  th e  s c o p e  o f  th is  p a p e r .  W h e n  
n o t a t i o n s  o f  th i s  c a te g o ry  a r e  c i te d ,  u n f a m i l i a r  te r m s  w il l  b e  d e f in e d  a n d  
p a r t i c u l a r  r e f e r e n c e  w ill  b e  m a d e  r e g a r d i n g  th e  u t i l i t y  o f  th e  f o r m u la  in  
d e m o n s t r a t in g  a  p r i n c i p i e  o f  a s t r o n a u t i c s .

I n  th is  s e c t io n  a  s e r ie s  o f  a n a ly s e s  w ill  n o w  b e  c o n s id e r e d  r e g a r d in g  a 
m a ss  m in  so m e  ty p e  o f  o r b i t  w i th  r e s p e c t  to  th e  e a r th .  I n  th e s e  e x a m p le s  th e  
m a ss  m w ill  n o t  c h a n g e  as i ts  v e lo c i ty  v a r ie s .  T h e  e a r th  w il l  b e  c o n s id e r e d  as 
a  p e r f e c t  s p h e r e  w i th  its  m a ss  M a t  th e  c e n t e r  a n d  w i t h o u t  a n y  s u r fa c e  
i r r e g u la r i t i e s ,  s u c h  as m o u n ta in s .  I n  a d d i t i o n  th e  e a r t h ’s a tm o s p h e r e  w ill  b e  
n e g le c te d  in  o r d e r  t h a t  f r i c t io n a l  a i r  r e s is ta n c e  lo sses m a y  b e  d is c o u n te d  in  
th e  c o m p u ta t io n s .

Circular Orbital Velocity

I n  th is  f irs t  a n a ly s is  a  f o r m u la  w ill  b e  d e v e lo p e d  f o r  th e  c i r c u la r  o r b i t a l  
v e lo c i ty  o f  a  m a ss  m a s  i t  m o v e s  in  a c i r c u la r  p a t h  a t  th e  e a r t h ’s s u rfa c e .

W i t h  r e f e r e n c e  to  F ig u r e  16, a s s u m e  th e  m a ss  m to  b e  a  fewr fe e t a b o v e  
th e  s u r f a c e  o f  th e  e a r th  a n d  a  g iv e n  fo rc e  i m p a r t e d  to  i t  w h ic h  w ill  c a u s e  th e  
m a ss  to  r e m a in  in  a  f tx e d  c i r c u l a r  o r b i t .  F o r  a ll  p r a c t i c a b le  p u r p o s e s  th e  
d i s t a n c e  o f  t h e  m a ss ' m f r o m  th e  c e n t e r  o f  th e  e a r th  M w ill  b e  Ro, th e  r a d iu s  
o f  th e  e a r th .  S in c e  th e  m a ss  m o v e s  u n i f o r m ly  in  a c ir c le ,  th e  a r g u m e n ts  
d is c u s s e d  e a r l i e r  le a d  to  th e  c o n c lu s io n  t h a t  th e  m a ss  is p u l l e d  to w a rd  th e  
c e n t e r  o f  th e  e a r th  w i th  a fo rc e  e q u a l  to  mv2/ T h i s  fo rc e  is j u s t  th e  g ra v i-  
t a t i o n a l  p u l l  o f  th e  e a r th ,  w h ic h  b y  N e w to n ’s la w  o f  g r a v i t a t i o n  c a n  b e  
w r i t t e n  as F =  GMm / R02. E q u a t i n g  th e s e  tw o  f o rm u la s ,  w e  h a v e  mxfjRo =  
GMm/Rn2 and th e r e f o r e :

v2 =  GM /R0 (6)

A ls o  w e c a n  n u m e r ic a l ly  e q u a te  mv2/ R» to  mg0, th e  w e ig h t  o f  th e  m a ss  m . 
S o lv in g  fo r  v2:



(7)

T h is  is k n o w n  as th e  e q u a t io n  fo r  th e  c i r c u la r  o r b i t a l  v e lo c i ty  a t  th e  e a r t h ’s 

su rfa c e .

v3 =  Rogo

Fig. 16

A n o th e r  i n t e r e s t in g  r e l a t i o n s h i p  is d e r iv e d  by  e q u a t i n g  F — GMm/Ro2 
a n d  mgo a n d  s o lv in g  f o r  GM:

GM m _
Ro*

m g o

G M  =  R02go (8)
T h is  e q u a t io n  p ro v e s  u s e fu l  in  t r a n s f o r m i n g  e q u a t i o n s  c o n t a i n i n g  th e  u n i v e r ­
sa l c o n s ta n t  G  to  th o s e  o f  a c c e le r a t io n  d u e  to  g r a v i ty  g0.

B y u s in g  E q u a t io n  (8 ) w e  c a n  so lv e  fo r  M. T h i s  w il l  p r o v id e  a f o r m u la  
fo r  w h ic h  th e  m a ss  M  o f  th e  e a r th  c a n  b e  a p p r o x im a t e d :

M  = R'"g"
G

A ssu m e  th a t  th e  r a d iu s  o f  th e  e a r th  R0 is 4 0 0 0  m ile s ,  go =  32  f t / s e c 2, a n d  G  =  
1068 X 1 0 '12 p o u n d a l  f t 2/ l b s 2.

(4 0 0 0  X 5280)'- X 32 
Al — -------------------------

1068 X IO '12 

M  =  13.2 X 1024 lb s

Energy Relationships of a Mass in Various Orbits

W h e n  a  m a ss  m is in  m o t io n  a n d  m o v in g  in  a  s t r a ig h t  l in e ,  c i r c u la r ,  
e l l ip t ic a l ,  p a r a b o l ic ,  o r  h y p e r b o l ic  p a t h  w i th  r e s p e c t  to  th e  e a r th ,  tw o  d if fe r-
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e n t  ty p e s  o f e n e rg y  a r e  in  e v id e n c e ,  v iz ., p o t e n t i a l  e n e rg y  (PE) =  mgh, a n d  
k in e t i c  e n e rg y  (KE) =  rnv2/ 2. T h e  fo l lo w in g  d is c u s s io n  w ill  sh o w  so m e  o f 
th e  r e l a t io n s h ip s  b e tw e e n  th e s e  tw o  e n e rg ie s  w h e n  th e  m a ss  m  is fo l lo w in g  
s o m e  p r e s c r ib e d  c o n ic - s e c t io n  p a th .

I t  h a s  b e e n  s t a te d  t h a t  w h e n  a m a ss  m is in  c i r c u la r  o r b i t  a b o u t  th e  e a r th  
a t  s o m e  d is ta n c e  Ri f r o m  th e  c e n t e r  o f  M, a s  in  F ig u r e  16, th e  fo rc e  d u e  to  
g r a v i t a t i o n  a n d  th e  c e n t r i p e t a l  fo rc e  o n  th e  m a ss  m  a re  e q u a l  in  m a g n i tu d e .  
I f  w e  e q u a te  th e s e  tw o  v a lu e s  a n d  c o n c u r r e n t ly  m u l t ip ly  b o t h  s id e s  o f  th e  
e q u a t i o n  by Rij2, th e  e q u a t i o n  b e c o m e s

mv2/ 2 -  GMm/2Ri (9)

T h i s  m e a n s  t h a t  th e  k in e t i c  e n e rg y  KE  o f  th e  m ass  m in  c i r c u la r  o r b i t  
a r o u n d  th e  e a r th  c a n  b e  e x p r e s s e d  in  te r m s  o f  G, th e  u n iv e r s a l  g r a v i t a t io n a l  
c o n s ta n t ;  th e  m a ss  o f  th e  e a r t h  M; t h e  m a ss  m ; a n d  th e  d is t a n c e  Ri t h e  m ass  
is f r o m  th e  c e n t e r  o f  th e  e a r th .  I t  s h o u ld  b e  o b v io u s  t h a t  th e  KE n e e d e d  to  
m a in t a in  th e  m a ss  m in  c i r c u la r  o r b i t  d e c re a s e s  as i ts  d is ta n c e  f r o m  th e  e a r th  
in c re a s e s .

A n o th e r  v e ry  v a lu a b le  p a i r  o f  f o r m u la s  c a n  b e  o b t a in e d  f r o m  th e  n e x t  
a n a ly s is .  I n  F ig u r e  17, A í is th e  c e n t e r  o f  th e  e a r th ,  a n d  R0 i ts  r a d iu s .  T h e  
l in e  A is p e r p e n d i c u l a r  to  th e  r a d iu s ,  a n d  m  is th e  m a ss  o f  a n  o b je c t  w h ic h

F ig . 17

w ill  b e  u n d e r  c lo se  s c r u t in y .  A  l in e  is im a g in e d  f r o m  M  th r o u g h  m a n d  a w a y  
f r o m  th e  e a r th  t o w a r d  in f in i ty .  T h e  l in e  A is c a l le d  th e  s u r fa c e  r e f e r e n c e  
l i n e  a n d  th e  l in e  B t h e  in f in i ty  r e f e r e n c e  l in e .

F i r s t  c o n s id e r  th e  m a ss  m f r o m  th e  s t a n d p o i n t  o f  th e  s u r f a c e  r e f e r e n c e  
l in e  A. T h e  w e ig h t  o f  m a ss  m a t  th e  e a r t h ’s s u r f a c e  is mgo. A s th e  m a ss  m  
m o v e s  a w a y  f r o m  th e  e a r th ,  i ts  w e ig h t  (m go) is d e c re a s e d  a n d  c a n  b e  d e te r -  
m i n e d  b y  th e  in v e r s e - s q u a r e  la w :



R .9
T h e  m ass  m a t  l in e  ( I )  w ill  h a v e  a  w e ig h t  o f  mgi w i th  r e s p e c t  to  th e  e a r th .  
A t  in f in i ty  th e  m a ss  w o u ld  b e  c o m p le te ly  o u t  o f  th e  e a r t h ’s g r a v i t a t i o n a l  f ie ld  
a n d  w o u ld  th e r e f o r e  h a v e  z e ro  w e ig h t  w ith  r e s p e c t  to  th e  e a r th .

N o w  m o v e  th e  p o i n t  o f  r e f e r e n c e  to  th e  l in e  B, o r  in f in i ty .  A n y  v a lu e  
r e g a r d in g  d is ta n c e  w i th  r e s p e c t  to  in f in i ty  in  th e  d i r e c t io n  o f  th e  c e n te r  o f  
th e  e a r th  M  w o u ld  b e  n e g a t iv e  (—); th e r e f o r e  th e  w e ig h t  o f  th e  m ass  m a t  
th e  l in e  (1) w o u ld  b e  — m g i. I t s  PE w o u ld  b e  —mgJh. A t th e  s u r fa c e  o f  th e  
e a r th  th e  PE o f  m ass  m  w o u ld  b e  —mgoRa. A t in f in i ty  th e  PE w o u ld  b e  z e ro  
(0), s in c e  th e  m ass  w 'o u ld  b e  o u t  o f  th e  e a r t h ’s g r a v i t a t i o n a l  f ie ld . B y su b - 

s t i t u t in g  th e  v a lu e  o f  gi f r o m  E q u a t i o n  (11 ), th e  PE o f  —mgiRi b e c o m e s

PE =  - mgoRoVRi (12 )

I t  h a s  b e e n  s t a te d  t h a t  w h e n  a  m is s ile  o r  s a te l l i t e  is m o v in g  a lo n g  a  c o n ic -  
s e c tio n  p a t h  tw o  ty p e s  o f  e n e rg y , KE a n d  PE, a r e  e v id e n t .  T h e  to ta l  e n e rg y  
( T £ )  o f  th e  m o v in g  b o d y  is th e  s u m  o f  th e s e  tw o  e n e rg ie s ,  as e x p re s s e d  b y  
th e  e q u a t io n  TE — KE +  PE. A c c o r d in g ly  th e  TE  o f  a  m a ss  m in  c i r c u la r  
o r b i t  c o u ld  b e  d e t e r m i n e d  f r o m  th e  f o l lo w in g  e q u a t i o n :

TE — y2mv2 —

mgoRu2 
R ,

(1 3 )

I t  is n o te d  t h a t  th e  m ass  m h a s  a  PE — — ragoRo a t  th e  s u r f a c e  o f  th e  e a r th ,  
as is in d ic a te d  o n  F ig u r e  17. I f  th e  m a ss  m w e re  f ire d  v e r t ic a l ly ,  i ts  KE 
w o u ld  fa li  o ff f ro m  its  m a x im u m  v a lu e  a t  th e  e a r t h ’s s u r f a c e  o f  \/2mv2 to  z e ro , 
a t  w h ic h  p o in t  i ts  v e r t ic a l  m o t io n  s to p s . L e t  th is  b e  a t  a  h e ig h t  o f  Ri. T h e  
PE a t  th is  p o in t  w o u ld  b e  —mg0Ro2/Ri. T h e  m a x im u m  d is t a n c e  th e  v e r t ic a l ly  
f ire d  m a ss  m w o u ld  t r a v e i  c a n  b e  o b t a i n e d  f r o m  th e  e q u a t i o n  TE =  KE +  
PE:

KE 4- PE — 0 — — —— -  =  y2mv2 — mgnRn
A i

S o lv in g  fo r  i/3 a n d  r e d u c in g  th e  e q u a t i o n  o f  m:

v 2 -  2go.Ro -  2g0 —
R i

1 - f )  (,4>
A s w as p re v io u s ly  s ta te d ,  a  n u m b e r  o f  f o r m u la s  a n d  p r in c i p i e s  a r e  c i te d  

in  th is  p a p e r  w i th o u t  b e n e f i t  o f  d e r iv a t i o n ,  b e c a u s e  o f  th e  d if f ic u lt  m a th e -  
m a t ic s  in v o lv e d . T h e s e  f o r m u la s  a n d  p r i n c ip i e s  c a n  b e  v e r i f ie d  in  t e x tb o o k s  
o n  a d v a n c e d  p h y s ic s  o r  c e le s t ia l  m e c h a n ic s .  W i t h  r e f e r e n c e  to  F ig u r e  18 th e  
fo l lo w in g  s ta te m e n ts  a r e  v a l id :

—  2 g o R o ^
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a. T h e  to ta l  e n e r g ie s  o f  a m ass  m m o v in g  in  e i t h e r  c i r c u la r  o r  e l l ip t ic a l  
o r b i t  a r e  e q u a l  w h e n  th e  r a d iu s  o f  th e  c ir c le  is e q u a l  to  th e  s e m i-m a jo r  a x is  
o f  th e  e ll ip s e .

b . T h e  su m  o f  th e  p o t e n t i a l  e n e rg y  PE a n d  th e  k in e t i c  e n e rg y  KE o f  a 
m a ss  m  in  e i t h e r  c i r c u l a r  o r  e l l ip t i c a l  o r b i t  is a  c o n s ta n t .

F ig . 18

T h e  v e lo c i ty  o f  a  m a ss  m  a t  a n y  p o i n t  in  a n  e l l i p t i c a l  o r b i t  c a n  b e  
o b t a i n e d  f r o m  th e  f o l lo w in g  f o r m u la :

v2 =  GM (f-i) (15 )

T h i s  e q u a t i o n  w ill  d e t e r m i n e  th e  v e lo c i ty  o f  th e  m a ss  m in  e l l ip t i c a l  o r b i t ,  
in  t e r m s  o f  t h e  r a d iu s  v e c to r  r a n d  th e  s e m i-m a jo r  a x is  a. A s w as  m e n t io n e d  
p re v io u s ly ,  th e  s e m i- m in o r  a x is  b o f  a n  e l l ip s e  o n ly  h e lp s  to  fix  th e  fo c u s  a n d  
d o e s  n o t  e n t e r  i n t o  th e  e n e r g y  e q u a t i o n .  T h e  v a lu e s  o f  c o n s ta n t s  G  a n d  M 
a r e  l i s te d  o n  p a g e  142.

T h e  v e lo c i ty  f o r  m a ss  m w h e n  in  h y p e r b o l i c  m o t io n  is e x p re s s e d  b y  th e  
e q u a t i o n

v- =  G M  (  —(f+i) (16)

T h e  o n ly  d if f e r e n c e  b e tw e e n  th is  e q u a t i o n  a n d  E q u a t io n  (1 5 ) is t h a t  th e  s ig n  
o f  1 \a is p o s i t iv e .

A n o th e r  u s e fu l  e q u a t i o n  c la r i f i e d  b y  F ig u r e  19 g iv e s  th e  le n g th  o f  th e  
r a d iu s  v e c to r  r  in  t e r m s  o f  t h e  a n g le  0, t h e  s e m i-m a jo r  a x is  a, a n d  th e  e ccen - 
t r i c i ty  e. T h e  a n g le  6 is m e a s u r e d  f r o m  th e  s e m i-m a jo r  a x is  in  a  c lo c k w ise  
d i r e c t i o n  f ro m  th e  l in e  AF to  t h e  r a d iu s  v e c to r  r. T h e  e q u a t i o n  is

r  = a (I -  O
1 -|- e cos 9

(17 )

By a different method than was used on page 118, the eccentricity e of an ellipse can also be 
defined as the ratio of the distance between the focus and the origin to the length of the semi- 
major axis. In Figure 19 the eccentricity e =  FO/AO, or e — FO/a. It can also be proved that 
FB — a, the semi-major axis of the ellipse.
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D

Fig. 19

Escape Velocity

I n  E q u a t io n  (1 4 ) s u p p o s e  th e  v e lo c i ty  i m p a r t e d  to  th e  m a ss  m to  b e  s u c h  
t h a t  th e  m ass m o v e s  to  in f in i ty  o r  Ri =  oo. T h e n  th e  f r a c t io n  Rò2/Ri w ill  
b e c o m e  ze ro  (0 ) a n d  th e  e q u a t i o n  w o u ld  b e  r e d u c e d  to

v2 =z 2goRo (18 )

T h i s  is th e  f o r m u la  f o r  th e  e s c a p e  v e lo c i ty ,  o r  th e  v e lo c i ty  t h a t  m u s t  b e  g iv e n  
to  th e  m ass  m to  c a u s e  i t  to  fo l lo w  a  p a r a b o l i c  p a t h  a n d  e s c a p e  f r o m  th e  
e a r th .  V e lo c ity  o f  th e  m a ss  m a t  in f in i ty  is c o n s id e r e d  z e ro . T h e  v e lo c i ty  o f  
e sc a p e , o r  p a r a b o l i c  v e lo c i ty ,  c a n  a ls o  b e  e x p r e s s e d  as v~ — 2GM / Ro. I n  E q u a ­
t io n  (8 ), G A Í =  Ro2go, o r  GM/ Ro =  Rogo. S u b s t i t u t i n g  in  E q u a t io n  (1 8 ):

v* =  2GAÍ  (19 )
R0

Im a g in e  th e  m ass  m v e ry  n e a r  th e  s u r f a c e  o f  th e  e a r t h  a n d  in  c i r c u la r  
o r b i t .  E q u a t io n  (7 ) s t a te d  t h a t  i ts  o r b i t a l  v e lo c i ty  w as  v8 =  goRo. E q u a t io n  
(18) g iv e s  u s  th e  v e lo c i ty  o f  e s c a p e . A  p r o p o r t i o n  c a n  th e r e f o r e  b e  e s ta b l is h e d  

b e tw e e n  th e  tw o :

v2 e s c a p e  o r b i t  2goi?o

v2 s u r f a c e  c i r c u l a r  o r b i t  g»Ro

T h e r e f o r e

v e s c a p e  =  v s u r f a c e  c i r c u la r  o r b i t  x  V2~ (20 )

R e c a l l in g  E q u a t io n  (7 ), i.e ., v2 — g»Ro, a n d  s u b s t i t u t i n g  th e  v a lu e  o f  
32 f t / s e c 2 fo r  g0 a n d  4 0 0 0  m ile s  fo r  Rn, t h e  c i r c u la r  o r b i t a l  v e lo c i ty  o f  a  m a ss  
m a t  th e  e a r t h ’s  s u r fa c e  is f o u n d  to  b e  a p p r o x im a t e ly  5 m i / s e c .  T h e r e f o r e  
f ro m  E q u a t io n  (20 ), m u l t i p ly i n g  th is  v a lu e  o f  5 m i / s e c  b y  V 5- g iv es  th e  e s c a p e  
v e lo c ity  o f  7 m i / s e c  fo r  th e  m a ss  m .



Summary
I n  th is  p a p e r  a n  a t t e m p t  h a s  b e e n  m a d e  to  i n t r o d u c e  to  th e  r e a d e r  s e v e ra l  

m a th e m a t ic a l  r e l a t io n s h ip s  r e g a r d i n g  a s t ro n o m y , a s t r o n a u t i c s ,  a n d  p h y sics , a l l  
o f  w h ic h  a re  s ig n if ic a m  in  th e  f u n d a m e n ta l  c o m p u ta t io n s  o f  s a te l l i te s  a n d  
m is s ile s  in  v a r io u s  ty p e s  o f  o r b i t s  w i th  r e s p e c t  to  th e  e a r th .  I n  o r d e r  t h a t  
f u r t h e r  a t t e n t i o n  m a y  b e  d i r e c te d  to w a r d  s o m e  o f  th e  m o r e  c o g e n t  p o in ts ,  th e  
f o l lo w in g  s u m m a ry  is o f fe re d .

a . S a te l l i te s  p la c e d  in  o r b i t s  w h ic h  c i r c u m n a v ig a te  th e  e a r th  m a y  fo llo w  o n e
o f  tw o  c o n ic  s e c tio n s :

(1 ) c i r c le  (2 ) e l l ip s e

b . A  s a te l l i t e  in  p a r a b o l i c  o r  h y p e r b o l i c  o r b i t  w il l  h a v e  su ff ic ie n t e n e rg y  to  
le a v e  th e  g r a v i t a t i o n a l  e ffe c t o f  th e  e a r th .

c. T h e  f o l lo w in g  t a b l e  s u m m a r iz e s  th e  r e l a t i o n s h i p  o f  e c c e n tr ic i ty  e, 
s a t e l l i t e  v e lo c i t ie s ,  a n d  ty p e s  o f  o r b i t s  w i th  r e s p e c t  to  th e  e a r th :

Eccentricity (e) Velocity Orbit
z e ro a p p r o x .  5 m i / s e c c irc le

less t h a n  1 (a ) v a r ie s  5 to  7 e l l ip s e  w i th  c e n te r  o f
m i / s e c th e  e a r th  a t  th e  fo c u s  

to  th e  l e f t  o f  th e  
o r ig in  O.

(b )  less t h a n e l l ip s e  w ith  c e n t e r  o f  th e
5 m i / s e c e a r th  a t  th e  fo c u s  to  th e  

r ig l i t  o f  t h e  o r ig in  O.
e q u a l  to  1 a p p r o x .  7 m i / s e c p a r a b o la

g r e a t e r  t h a n  1 g r e a t e r  t h a n  
7 m i / s e c

h y p e r b o la

S a te l l i te s  in  c i r c u la r  o r b i t  r e v o lv e  a r o u n d  th e  e a r th  a t  a  c o n s ta n t  v e lo c ity .
e. S a te l l i te s  in  e l l i p t i c a l  o r b i t  a ro u n c l  th e  e a r t h  a c c e le r a te  w h e n  a p p r o a c h i n g  

th e  p e r ig e e  a n d  d e c e l e r a t e  w h e n  a p p r o a c h i n g  th e  a p o g e e .
f. I n  c o m p u t a t i o n s  o f  th e  g r a v i t a t i o n a l  e ffe c t o f  th e  e a r t h  u p o n  a  b o d y , th e  

m a ss  o f  th e  b o d y  r e m a in s  c o n s t a n t  b u t  i ts  w e ig h t  v a r ie s  in v e rs e ly  as th e  
s q u a r e  o f  its  d i s t a n c e  f r o m  th e  c e n t e r  o f  t h e  e a r th .

g . T h e  c i r c u la r  o r b i t a l  v e lo c i ty  o f  a s a te l l i t e ,  n e g le c t in g  a tm o s p h e r ic  a n d  
g r a v i t a t i o n a l  lo sses , is a p p r o x im a t e ly  5 m i / s e c .

h . T h e  p a r a b o l ic  o r  e s c a p e  v e lo c i ty  o f  a  s a te l l i t e  w i th  r e s p e c t  to  th e  e a r th  
is a p p r o x im a t e ly  7 m i / s e c .

i. T h e  to t a l  e n e r g y  o f  a  s a t e l l i t e  in  c i r c u la r  o r  e l l i p t i c a l  o r b i t  is e q u a l  to  th e  
s u m  o f  i ts  p o t e n t i a l  e n e r g y  a n d  i ts  k in e t i c  e n e rg y .

j. I n  c o m p u t a t i o n  o f  v e lo c i t ie s  a n d  e n e r g ie s  o f  s a te l l i te s  c a re  m u s t  b e  ta k e n  
t h a t  th e  v a r io u s  v a lu e s  s u b s t i t u t e d  in  f o r m u la s  a r e  in  th e  s a m e  u n i t s  o f
m e a s u r e m e n t ,  i.e ., e i t h e r  in  th e  C G S  (c e n t im e te r - g r a m - s e c o n d )  sy s te m  o r  in  
t h e  EPS ( f o o t - p o u n d - s e c o n d )  sy s te m .

t



Problema
The reader is encouraged to try his hand at a few of the fundamental 

calculations relating to missile trajectories and satellite orbits. Armed by his 
perusal of the foregoing presentation of basic principies and formulas, he 
should find the play of the following problems an interesting and informative 
exercise. The figures and equations bearing on the Solutions are referenced. 
Definitions on page 141 should be noted before Solutions to the problems are 
attempted, as some of the terms used in the problems have not been previously 
defined. The answers are provided at the close of the list of problems.

1. A n  e ll ip s e  h a s  a  m a j o r  a x is  o f  9 8 0 0  m ile s  a n d  a s e m i- m in o r  a x is  o f  
4 4 0 0  m ile s . W h a t  is th e  n u m e r ic a l  v a lu e  o f  e c c e n tr ic i ty  ei S ee  F ig u r e  8.

2. I n  P r o b le m  1, w h a t  is th e  l e n g th  o f  th e  r a d iu s  v e c to r  r  f r o m  th e  fo cu s 
F  to  th e  to p  o f  th e  s e m i- m in o r  a x is?

3. I n  th e  f ig u re  b e lo w , th e  e l l ip s e  h a s  a n  e — 0 .2 0  a n d  a  m a jo r  a x is  o f  20  
u n i ts .  W h a t  is th e  l e n g th  o f  th e  r a d iu s  v e c to r  r w h ic h  m a k e s  a n g le s  o f  0 o, 
9 0 ° , a n d  180° w ith  th e  l in e  AF? S ee E q u a t io n  (17 ).

4. I n  th e  f ig u re  b e lo w , th e  p o i n t  P is 8 00  m ile s  d i r e c t ly  a b o v e  th e  e a r th .  
T h e  l in e  PF is p e r p e n d i c u l a r  to  th e  d ia m e t e r  o f  th e  e a r th .  I f  th e  p e r ig e e
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o f  th e  e l l ip s e  is 4 2 0 0  m ile s  a n d  a p o g e e  5 6 0 0  m ile s , w h a t  is th e  e c c e n tr ic i ty  
o f  th e  e llip s e ?  W h a t  is th e  l e n g th  o f  th e  r a d iu s  v e c to r  r  to  th e  to p  o f  th e  
s e m i- m in o r  ax is?  S ee  F ig u r e  8 a n d  E q u a t io n  (17).

5. I n  P r o b le m  4, w h a t  is th e  l e n g th  o f  th e  m i n o r  a x is?  S ee  F ig u r e  8.

6 . H o w  m u c h  fo rc e  is r e q u i r e d  to  g iv e  a  2 0 0 -g ra m  m a ss  a n  a c c e le r a t io n  
o f  98  cm /sec* ?  E x p r e s s  th is  fo rc e  in  d y n e s . I n  g ra m s . S ee  th e  fo l lo w in g  
“ T a b l e  o f  D e f in i t io n s ,  P h y s ic a l  C o n s ta n ts ,  T e r m s ,  a n d  F o r m u la s .”

7. A  m ass  o f  20  lb s  is r o t a t i n g  in  c i r c u la r  o r b i t  n e a r  th e  e a r t h ’s su rfa c e  a t  
5 m i / s e c .  C o m p u te  th e  c e n t r i p e t a l  fo rc e  o n  th is  m ass . S ee  “ T a b l e  o f  C o n ­
s t a n t s  a n d  T e r m s .”

8. H o w  m u c h  w o rk  is  d o n e  w h e n  a 2 0 0 -lb  m a n  w a lk s  to  th e  to p  o f  a  h i l l  
w h ic h  is 555  f t  h ig h ?  S ee  “ T a b l e  o f  C o n s t a n t s  a n d  T e r m s .”

9 . W h a t  w o u ld  a  2 0 0 -lb  p i l o t  w e ig h  a t  a  h e ig h t  o f  1000 m ile s  a b o v e  th e  
e a r t h ’s su rfa c e ?  ( N e w t o n ’s in v e r s e - s q u a r e  la w .)  S ee  “ T a b l e  o f  C o n s ta n t s  a n d  
T e r m s . ”

10. W h e r e  is th e  c e n t e r  o f  g r a v i ty  o f  tw o  p a r t i c le s  (b o d ie s )  w i th  r e s p e c t iv e  
m a sse s  o f  20 a n d  30  u n i t s ,  if  th e y  a r e  10 f e e t  a p a r t?  S ee  F ig u r e  15.

11. A  p i lo t  w e ig h s  180 lb s  a t  t h e  s u r f a c e  o f  t h e  e a r th .  W h a t  w o u ld  b e  h is  
w e ig h t  o n  th e  m o o n ?  ( N e w t o n ’s in v e r s e - s q u a r e  la w .)  S ee  “ T a b l e  o f  C o n ­
s t a n t s  a n d  T e r m s .”

12. I f  th e  e c c e n tr ic i ty  o f  th e  e l l i p t i c a l  o r b i t  o f  th e  e a r t h  a r o u n d  th e  s u n  
is 0 .0 1 6 7  a n d  th e  s e m i- m a jo r  a x is  is 9 3 ,0 0 0 ,0 0 0  m ile s , w h a t  is th e  d is ta n c e  o f  
th e  p e r ih e l io n ?  O f  th e  a p h e l io n ?  S ee  F ig u r e  8.

13. A t a  h e ig h t  o f  2 0 0 0  m ile s  a b o v e  th e  e a r t h  w h a t  is t h e  v a lu e  o f  a c c e le r a ­
t io n  o f  g r a v i ty  in  f t / s e c 2? I n  c m /s e c 2?

14. T h e  e a r t h  h a s  a  c i r c u m f e r e n c e  o f  a p p r o x im a t e ly  2 5 ,0 0 0  m ile s  a t  th e  
e q u a t o r  a n d  r o t a t e s  in  a n  e a s te r ly  d i r e c t io n .  W h a t  is th e  v e lo c i ty  o f  th e  
e a r t h  a t  th e  e q u a to r ?  S ee  “ T a b l e  o f  C o n s ta n t s  a n d  T e r m s .”

15. C o m p u te  th e  v e lo c i ty  r e q u i r e d  a t  t h e  e q u a t o r  o f  th e  e a r t h  to  p la c e  a  
s a t e l l i t e  i n t o  a  c i r c u l a r  o r b i t .  S ee  E q u a t i o n  (7).

16. W i t h  th e  a n s w e r  o b t a i n e d  in  P r o b le m  15, w h a t  w o u ld  b e  th e  r e q u i r e d  
ta k e -o ff  v e lo c i ty  i f  i t  w e re  f i r e d  in  a n  e a s te r ly  d i r e c t io n ?  I n  a  w e s te r ly  
d i r e c t io n ?

17. C o m p u te  th e  p a r a b o l i c  v e lo c i ty  o r  v e lo c i ty  o f  e s c a p e  fo r  a  2 0 -lb  m ass . 
S ee  E q u a t io n  (1 9 ).

18. A  m ass m is in  a  p a r a b o l i c  o r b i t  w i th  r e s p e c t  to  th e  e a r th .  W h a t  is its  
v e lo c i ty  w h e n  1 0 ,0 0 0 ,0 0 0  m i le s  a w a y  f r o m  th e  c e n t e r  o f  th e  e a r th ?  See 
E q u a t i o n  (18).

19. A  2 0 -lb  s a t e l l i t e  is p la c e d  in  t h e  e l l i p t i c a l  o r b i t  a r o u n d  th e  e a r th  s h o w n  
in  th e  f ig u re  f o r  P r o b le m  4 , w i th  a n  a p o g e e  o f  1600 m ile s  a n d  a p e r ig e e  o f  
2 0 0  m ile s . W h a t  is t h e  v e lo c i ty  o f  th e  s a t e l l i t e  a t  a p o g e e ?  A t  p e r ig e e ?  A t  th e  
to p  o f  th e  s e m i - m in o r  a x is?  H o w  d o  th e s e  v e lo c i t ie s  i l l u s t r a te  th e  th e o ry  
o f  K e p l e r ’s s e c o n d  law ?  S ee  F ig u r e  8 a n d  E q u a t io n  (15 ).
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20. I n  P r o b le m  19, w h a t  is th e  k in e t i c  e n e rg y  o f  th e  m ass  a t  its  a p o g e e ?  
S ee " T a b le  o f  C o n s ta n ts  a n d  T e r m s ” a n d  E q u a t io n  (15).

P k y sica l

A  T a k le  o f  D e f in it io n s , 

C o n s ta n ts , T e rm s, a n d  F o r m u la s

Definitions

a c c e le r a t io n  d u e  to  g r a v i ty .  T h e  a p p r o x im a t e  v a lu e  o f  th e  a c c e le r a t io n  d u e  
to  g ra v ity ,  g, is m e a s u r e d  a t  32 f t / s e c 2 o r  9 8 0  c m /s e c 2. 

a p h e l io n .  T h a t  p o i n t  f a r th e s t  f r o m  th e  s u n  in  th e  o r d e r  o f  a n y  m e m b e r  o f  
th e  s o la r  sy s tem .

a p o g e e . T h a t  p o i n t  o n  th e  e l l ip s e  o f  a n  o r b i t i n g  b o d y  w h ic h  is f a r th e s t  f r o m  
th e  e a r th .  A lso  th e  h ig h e s t  p o i n t  in  t h e  t r a je c to r y  o f  a  m is s ile . 

a s t r o n a u t ic s .  T h e  a r t  a n d  sc ie n c e  o f  f ly in g  t h r o u g h  s p a c e  o r  s e n d in g  v e h ic le s  
o r  m iss ile s  t h r o u g h  sp a c e .

a s tro p h y s ic s .  A  sc ie n c e  w h ic h  r e la te s  th e  m o r e  i m m e d ia t e  a p p l i c a t io n s  o f  
p h y s ic s  to  a s t ro n o m y .

a tm o s p h e r e .  T h e  b o d y  o f  a i r  w h ic h  s u r r o u n d s  th e  e a r th .
c e le s t ia l  m e c h a n ic s .  T h e  s c ie n c e  t h a t  d e a ls  p r im a r i ly  w i th  th e  e ffe c t o f  fo rc e  

a s  a n  a g e n t  in  d e t e r m i n in g  th e  o r b i t a l  p a th s  o f  c e le s t ia l  b o d ie s .  I t  is c o n - 
c e r n e d  la rg e ly  w i th  a p p l i c a t io n  o f  t h e  la w  o f  g ra v i ty .  

c e n t r i f u g a i  fo rc e . A  fo rc e  w h ic h  is d i r e c t e d  a w a y  f r o m  th e  c e n t e r  o f  r o t a t i o n .  
c e n t r i p e t a l  fo rc e . A  fo rc e  w h ic h  is d i r e c t e d  to w a r d  th e  c e n t e r  o f  r o t a t i o n .  
c o n ic  s e c tio n . T h e  c u rv e s  g e n e r a te d  b y  th e  i n t e r s e c t io n  o f  a  p la n e  w i th  a 

c o n e  o f  r e v o lu t io n .
e l l ip s e .  A  c o n ic  s e c t io n  w h ic h  h a s  a n  e c c e n tr ic i ty  less t h a n  u n i ty .  
g r a v i ty .  T h e  fo rc e  t h a t  m a k e s  a  b o d y , if  f r e e  to  m o v e , a c c e le r a te  to w a r d  th e  

c e n te r  o f  th e  e a r th .
h y p e r b o la .  A  c o n ic  s e c t io n  m a d e  b y  a p la n e  in t e r s e c t in g  a  c o n e  o f  r e v o lu t io n  

a t  a n  a n g le  s m a l le r  t h a n  t h a t  o f  a  p a r a b o la .  T h e  v a lu e  o f  i ts  e c c e n tr ic i ty  
is g r e a te r  t h a n  o n e .  

m ass . M ass is q u a n t i t y  o f  m a t te r .  
m o m e n tu m .  T h e  p r o d u c t  o f  m a ss  t im e s  v e lo c i ty .
p a r a b o la .  A  c o n ic  s e c t io n  m a d e  b y  a  p l a n e  i n t e r s e c t in g  a  c o n e  p a r a l l e l  to  a n  

e le m e n t  o f  th e  c o n e . I t  h a s  a n  e c c e n tr ic i ty  e q u a l  to  u n i ty .  
p e r ig e e .  T h a t  p o i n t  o n  th e  e l l ip s e  o f  a n  o r b i t i n g  b o d y  w h ic h  is c lo se s t to  th e  

e a r th .

p e r ih e lio n . T h e  p o in t  c losest to  th e  su n  in  th e  o r b i t  o f  a n y  m e m b e r  o f  th e
so la r  system .
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o f  th e  e l l ip s e  is 4 2 0 0  m ile s  a n d  a p o g e e  5 6 0 0  m ile s , w h a t  is th e  e c c e n tr ic i ty  
o f  th e  e ll ip s e ?  W h a t  is th e  l e n g th  o f  th e  r a d iu s  v e c to r  r to  th e  to p  o f  th e  
s e m i- m ín o r  ax is?  S ee  F ig u r e  8 a n d  E q u a t io n  (17).

5. I n  P r o b le m  4, w h a t  is th e  l e n g th  o f  th e  m i n o r  a x is?  S ee F ig u r e  8.

6 . H o w  m u c h  fo rc e  is r e q u i r e d  to  g iv e  a  2 0 0 -g ra m  m ass  a n  a c c e le r a t io n  
o f  98  c m /s e c 2? E x p r e s s  th is  fo rc e  in  d y n e s . I n  g ra m s . S ee  th e  fo l lo w in g  
“ T a b l e  o f  D e f in i t io n s ,  P h y s ic a l  C o n s ta n ts ,  T e r m s ,  a n d  F o r m u la s .”

7. A  m ass  o f  20  lb s  is r o t a t i n g  in  c i r c u l a r  o r b i t  n e a r  th e  e a r t h ’s s u rfa c e  a t  
5 m i / s e c .  C o m p u te  th e  c e n t r i p e t a l  fo rc e  o n  th is  m ass . S ee  ‘‘T a b l e  o f  C o n ­
s ta n t s  a n d  T e r m s .”

8. H o w  m u c h  w o rk  is  d o n e  w h e n  a  2 0 0 -lb  m a n  w a lk s  to  th e  to p  o f  a  h i l l  
w h ic h  is 555 f t  h ig h ?  S ee  “ T a b l e  o f  C o n s t a n t s  a n d  T e r m s .”

9. W h a t  w o u ld  a  2 0 0 -lb  p i l o t  w e ig h  a t  a  h e ig h t  o f  1000 m ile s  a b o v e  th e  
e a r t h ’s su rfa c e ?  ( N e w t o n ’s in v e r s e - s q u a r e  la w .)  S ee  “ T a b l e  o f  C o n s ta n t s  a n d  
T e r m s .”

10. W h e r e  is th e  c e n t e r  o f  g r a v i ty  o f  tw o  p a r t i c le s  (b o d ie s )  w i th  r e s p e c t iv e  
m a sse s  o f  20 a n d  30  u n i t s ,  i f  th e y  a r e  10 f e e t  a p a r t?  S ee  F ig u r e  15.

11. A  p i l o t  w e ig h s  180 lb s  a t  th e  s u r f a c e  o f  t h e  e a r th .  W h a t  w o u ld  b e  h is  
w e ig h t  o n  th e  m o o n ?  ( N e w t o n ’s in v e r s e - s q u a r e  la w .)  S ee  “ T a b l e  o f  C o n ­
s t a n t s  a n d  T e r m s .”

12. I f  th e  e c c e n tr ic i ty  o f  th e  e l l i p t i c a l  o r b i t  o f  th e  e a r t h  a r o u n d  th e  s u n  
is  0 .0 1 6 7  a n d  th e  s e m i- m a jo r  a x is  is 9 3 ,0 0 0 ,0 0 0  m ile s , w h a t  is th e  d is ta n c e  o f  
th e  p e r ih e l io n ?  O f  th e  a p h e l io n ?  S ee  F ig u r e  8.

13. A t a  h e ig h t  o f  2 0 0 0  m ile s  a b o v e  th e  e a r t h  w h a t  is th e  v a lu e  o f  a c c e le r a ­
t io n  o f  g ra v i ty  in  f t / s e c 2? I n  c m /s e c 2?

14. T h e  e a r t h  h a s  a  c i r c u m f e r e n c e  o f  a p p r o x im a t e ly  2 5 ,0 0 0  m ile s  a t  th e  
e q u a t o r  a n d  r o t a t e s  in  a n  e a s te r ly  d i r e c t io n .  W h a t  is t h e  v e lo c i ty  o f  th e  
e a r th  a t  th e  e q u a to r ?  S ee  “ T a b l e  o f  C o n s ta n t s  a n d  T e r m s . ”

15. C o m p u te  th e  v e lo c i ty  r e q u i r e d  a t  th e  e q u a t o r  o f  th e  e a r t h  to  p la c e  a 
s a t e l l i t e  i n to  a  c i r c u l a r  o r b i t .  S ee  E q u a t i o n  (7).

16. W i t h  th e  a n s w e r  o b t a i n e d  in  P r o b l e m  15, w h a t  w o u ld  b e  th e  r e q u i r e d  
ta k e -o ff  v e lo c i ty  i f  i t  w e r e  f i re d  in  a n  e a s te r ly  d i r e c t io n ?  I n  a  w e s te r ly  
d i r e c t io n ?

17. C o m p u te  th e  p a r a b o l i c  v e lo c i ty  o r  v e lo c i ty  o f  e s c a p e  fo r  a  2 0 -lb  m ass . 
S ee  E q u a t io n  (1 9 ).

18. A  m ass m is in  a  p a r a b o l i c  o r b i t  w i th  r e s p e c t  to  th e  e a r th .  W h a t  is its  
v e lo c i ty  w h e n  1 0 ,0 0 0 ,0 0 0  m ile s  a w a y  f r o m  th e  c e n t e r  o f  th e  e a r th ?  S ee 
E q u a t io n  (18).

19. A  2 0 -lb  s a t e l l i t e  is p la c e d  in  t h e  e l l i p t i c a l  o r b i t  a r o u n d  th e  e a r th  s h o w n  
in  th e  f ig u re  f o r  P r o b le m  4, w i th  a n  a p o g e e  o f  1600 m ile s  a n d  a  p e r ig e e  o f  
2 0 0  m ile s . W h a t  is t h e  v e lo c i ty  o f  th e  s a t e l l i t e  a t  a p o g e e ?  A t  p e r ig e e ?  A t  th e  
t o p  o f  t h e  s e m i - m in o r  a x is?  H o w  d o  th e s e  v e lo c i t ie s  i l l u s t r a te  th e  th e o r y  
o f  K e p le r ’s s e c o n d  law ?  S ee  F ig u r e  8 a n d  E q u a t io n  (15).
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20. I n  P r o b le m  19, w h a t  is th e  k in e t i c  e n e rg y  o f  th e  m a ss  a t  its  a p o g e e ?  
See “ T a b le  o f  C o n s ta n ts  a n d  T e r m s ” a n d  E q u a t io n  (15).

A  T a b le  o f  D e f in it io n s ,

P b y s ic a l  C o n sta n ts , T e rm s, an d  F o r m u la s

Definitions

a c c e le r a t io n  d u e  to  g r a v i ty .  T h e  a p p r o x im a t e  v a lu e  o f  th e  a c c e le r a t io n  d u e  
to  g ra v ity , g, is m e a s u r e d  a t  32  f t / s e c 2 o r  9 8 0  c m /s e c 2. 

a p h e l io n .  T h a t  p o i n t  f a r th e s t  f r o m  th e  s u n  in  th e  o r d e r  o f  a n y  m e m b e r  o f  
th e  s o la r  sy s tem .

a p o g e e . T h a t  p o i n t  o n  th e  e l l ip s e  o f  a n  o r b i t i n g  b o d y  w h ic h  is f a r th e s t  f r o m  
th e  e a r th .  A lso  th e  h ig h e s t  p o i n t  in  th e  t r a je c to r y  o f  a  m iss ile . 

a s t r o n a u t i c s .  T h e  a r t  a n d  sc ie n c e  o f  f ly in g  t h r o u g h  s p a c e  o r  s e n d in g  v e h ic le s  
o r  m iss ile s  t h r o u g h  sp a c e .

a s tro p h y s ic s .  A  sc ie n c e  w h ic h  r e la te s  th e  m o r e  i m m e d ia t e  a p p l i c a t io n s  o f  
p h y s ic s  to  a s t ro n o m y .

a tm o s p h e r e .  T h e  b o d y  o f  a i r  w h ic h  s u r r o u n d s  th e  e a r th .
c e le s t ia l  m e c h a n ic s .  T h e  s c ie n c e  t h a t  d e a ls  p r im a r i ly  w i th  th e  e ffe c t o f  fo rc e  

as a n  a g e n t  in  d e t e r m i n i n g  th e  o r b i t a l  p a th s  o f  c e le s t ia l  b o d ie s .  I t  is c o n - 
c e r n e d  la rg e ly  w i th  a p p l i c a t io n  o f  th e  la w  o f  g ra v i ty .  

c e n t r i f u g a i  fo rc e . A  fo rc e  w h ic h  is d i r e c t e d  a w a y  f r o m  th e  c e n t e r  o f  r o t a t i o n .  
c e n t r i p e t a l  fo rc e . A  fo rc e  w h ic h  is d i r e c t e d  to w a r d  th e  c e n t e r  o f  r o t a t i o n .  
c o n ic  s e c tio n . T h e  c u rv e s  g e n e r a t e d  b y  th e  i n t e r s e c t io n  o f  a p la n e  w i th  a  

c o n e  o f  r e v o lu t io n .
e l l ip s e .  A  c o n ic  s e c t io n  w h ic h  h a s  a n  e c c e n tr ic i ty  less t h a n  u n i ty .  
g r a v i ty .  T h e  fo rc e  t h a t  m a k e s  a  b o d y , if  f r e e  to  m o v e , a c c e le r a te  to w a r d  th e  

c e n te r  o f  th e  e a r th .
h y p e r b o la .  A  c o n ic  s e c t io n  m a d e  b y  a p l a n e  i n t e r s e c t in g  a  c o n e  o f  r e v o lu t io n  

a t  a n  a n g le  s m a l le r  t h a n  t h a t  o f  a  p a r a b o la .  T h e  v a lu e  o f  i ts  e c c e n tr ic i ty  
is g r e a te r  t h a n  o n e .  

m a ss . M ass is q u a n t i t y  o f  m a t te r .  
m o m e n tu m . T h e  p r o d u c t  o f  m a ss  t im e s  v e lo c i ty .
p a r a b o la .  A  c o n ic  s e c t io n  m a d e  b y  a  p la n e  in t e r s e c t in g  a c o n e  p a r a l l e l  to  ari 

e le m e n t  o f  th e  c o n e . I t  h a s  a n  e c c e n tr ic i ty  e q u a l  to  u n i ty .  
p e r ig e e .  T h a t  p o i n t  o n  th e  e l l ip s e  o f  a n  o r b i t i n g  b o d y  w h ic h  is c lo se s t to  th e  

e a r th .

p e r ih e lio n . T h e  p o in t  c losest to  th e  su n  in  th e  o r b i t  o f  a n y  m e m b e r  o f  th e
so la r  system .



r e v o lu t io n .  T h e  m o t io n  o r  t h e  a p p a r e n t  m o t io n  o f  a  b o d y  in  o r b i t .  
r o t a t i o n .  T h e  t u r n i n g  o f  a b o d y  a b o u t  i ts  a x is .
s p a c e . T h a t  w h ic h  e x te n d s  in  a ll  d i r e c t io n s  a n d  h a s  n o  o u tw a r d  b o u n d s  n o r  

l im it s  o f  d iv is ib i l i ty  a n d  s u r r o u n d s  a n d  e n c o m p a s s e s  a l l  m a t te r ,  as in  “ T h e  
e a r t h  t ra v e is  t h r o u g h  s p a c e  as i t  r e v o lv e s  a b o u t  th e  s u n .” 

v e c to r .  A n  e n t i t y  w h ic h  h a s  b o th  m a g n i tu d e  a n d  d i r e c t io n ,  s u c h  as a fo rc e  
o r  v e lo c ity .

v e lo c i ty .  S p e e d  o r  r a t e  o f  m o t io n  in  a  g iv e n  d i r e c t io n  a n d  in  a  g iv e n  f ra m e  
o f  r e f e r e n te .  V e lo c i ty  is a  v e c to r  q u a n t i t y .  

w e ig h t .  T h e  g r a v i t a t i o n a l  fo rc e  o r  th e  p u l l  e x e r t e d  o n  a  m ass  b y  th e  e a r th  
is th e  w e ig h t  o f  th e  m ass .

w o rk . A  m e a s u r e m e n t  o f  th e  p r o d u c t  o f  fo rc e  e x e r t e d  t im e s  th e  d is ta n c e  o f 
c lis p la c e m e n t.

z e n i th .  T h e  p o i n t  in  th e  c e le s t ia l  s p h e r e  d i r e c t ly  o v e r h e a d .

Physical Constants

F o r  th e  p u r p o s e  o f  s o lv in g  s u g g e s te d  p r o b le m s  c o n t a i n e d  in  tliis  p a p e r ,  
o n ly  a p p r o x im a t e  v a lu e s  fo r  s e le c te d  p h y s ic a l  c o n s ta n t s  a r e  g iv e n . I t  w ill  b e  
n o t e d  t h a t  m a n y  c o n s ta n t s  l i s te d  h a v e  b e e n  r o u n d e d  o ff to  th e  c lo se s t w h o le  
n u m b e r .  T h i s  is d o n e  p r i m a r i ly  to  f a c i l i t a te  s o lu t io n  o f  p ro b le m s .

a c c e le r a t io n  o f  g r a v i ty  g 9 8 0  c m /s e c 2

v e lo c i ty  o f  l ig h t 3 X  IO10 c m /s e c  
186 ,000  m i / s e c

g r a v i t a t i o n  G 6 .6 7  X 10'* d y n e  c n r / g m 2 
1068 X 1 0 '12 p o u n d a l  f t 2/ l b 2

a s t r o n o m ic a l  u n i t 9 3 ,0 0 0 ,0 0 0  m ile s

e a r t h ’s r a d iu s 3964  m ile s  ( e q u a to r ia l )  
3 9 5 0  m ile s  ( p o la r )
4 0 0 0  m ile s  ( f o r  u se  in  

p r o b le m s  s u g g e s te d  fo r  
s o lu t io n  in  th is  p a p e r )

e a r t h ’s m a ss  A í 5 .9 7  X 1027 g m s 
6 .6  X  1021 s h o r t  to n s  
13.2 X 1024 lb s

s u n ’s m ass 1.98 X 1033 g m s o r  (3 3 2 ,2 8 0  X 
e a r t h ’s m ass)

m o o n ’s m a ss 1 /8 1 .3  X e a r t h ’s m ass

1 l ig h t  y e a r 9 .4 6  x 1012 k m  

5 .8 7 8  x IO '2 m ile s

1 d a y 8 6 ,4 0 0  sec.



Terms

. . . force

1 d y n e 7 .2 2  X IO '8 p o u n d a l  ( I t  is 
i m p o r t a n t  t h a t  th e  d y n e  a n d  
p o u n d a l  a r e  u n d e r s to o d .  I t  
is re c o m m e n d e c l  t h a t  a  
p h y s ic s  t e x tb o o k  b e  re v ie w e d  
f o r  th e s e  u n i t s  o f  fo rc e .)

1 p o u n d a l 13 ,825  d y n e s

1 g r a m —fo rc e 980  d y n e s

1 d y n e —fo rc e 2 .2 5  X  10-a lb  fo rc e

1 lb —fo rc e 4 .4 5  X 105 d y n e s

1 lb —fo rc e 32 p o u n d a l s

. . .  velocity

1 c m /s e c 0 .0 3 2 8  f t / s e c

1 f t / s e c 30 .5  c m /s e c

1 m i l e / h r 4 4 .7  c m /s e c

1 m i l e / m i n 60  m i / h r  
88  f t / s e c

. . .  mass

1 k g 2 .2  p o u n d s

1 lb 4 5 4  gm .

1 to n  (s h o r t) 2 0 0 0  lb

. . .  length

1 fo o t 30 .5  cm

1 m ile 1.61 k m

1 m ile 5 2 8 0  f t

1 m e te r 39 .4  in

Formulas

d is ta n c e D — vt D  =  d is t a n c e  v — v e lo c i ty  t — t im e

a c c e le r a t io n a —v/t a =  a c c e le r a t io n

v e lo c ity v — at
v = g t g  =  g r a v i ty

N e w to n 's  s e c o n d  la w F — ma m — m a ss  F  =  fo rc e
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m o m e n tu m Mv — mV M a n d  m  a r e  d i f f e r e n t  m asses

c e n t r i p e t a l  fo rc e F  =  mv1/  r r  =  r a d iu s  o f  c ir c le  o f  r o t a t i n g  m ass  m

k in e t i c  e n e rg y KE -  mv2/  2

p o t e n t i a l  e n e rg y PE =  mgh h — h e ig h t
m a ss  is d is p la c e d  a g a in s t  g ra v i ty

m a ss m =  W/g W — w e ig h t

w o rk W = F d F =  fo rc e  d =  d is ta n c e

Air Command and Staff College

ANSWERS TO  PROBLEM S 

(derivcd by slide-rule calculation)
1. e =  0.44
2. t  — 4900 miles This value can bc determined by inspection. It can also be obtained by

using Equation (17).
3. r =  8 when the angle í  =  0 degrees 

r =  9.6 when angle 6 — 90 degrees 
r — 12 when angle 6 =  180 degrees

The cosine of 0 degrees, 90 degrees, and 180 degrees equals respectively 1, 
0, and —1. These cosine values can be obtained from any trigonometric 
table.

4. a. Eccentricity =  0.143
b. Radius vector r =  4900

5. The minor axis =  9700 miles
6. a. 19,600 dynes. 

b. 20 grams
7. 20.6 lbs
8. 101,000 ft-lbs
9. 128 lbs

10. 4 ft from the 30-unit mass
11. 30 lbs
12. a. Perihelion =  91,500,000 miles 

b. Aphelion =: 94,500,000 miles
13. a. 14.2 ft/sec2 

b. 435 cm/sec2
14. 0.29 mi/sec in an easterly direction
15. 4.93 mi/sec
16. a. 4.64 mi/sec in an easterly direction 

b. 5.22 mi/sec in a westerly direction
17. 7 mi/sec
18. 730 ft/sec
19. a. Veíocity at apogee =  20,200 ft/sec

b. Veíocity at perigee 27,200 ft/sec
c. Veíocity at top of semi-minor axis =  23,300 ft/sec

20. Kinetic energy =  4.08 x 10® ft/poundal
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