EXEMPTED FROM DECLASSIFICATION IAW E.O. 12958
REVIEWED BY Q::J
REFERTO__frt 4 Suies, #4545

EXEMPTIONS 1 2 3 4 56 7 8 9
PAGES EXEMPT

=Y

air force = |
space sysfems S" g /
developmens ~ ‘

. [ )
p ' i ! H Rt
» l'°g l'- m Y oo r .\"s ﬂ.’

f . e | 7 Y- -
AIR FORCE BALLISTIC MISSILE DIVISION, HE QUARTERS,

Al R RESEARCH AND DEVELOPMENT COMMAND

WDZR-180



AIR FORCE SPACE SYSTEMS
DEVELOPMENT PROGRAM

0l'eorg <
Ot Title SPADE I ATV, :} 10q 03“1°SV

i -I-UN S
H\i’:_M el Ly uiquSNMOGJ

20 October 1959

AIR FORCE BALLISTIC MISSILE DIVISION
HEADQUARTERS
AIR RESEARCH AND DEVELOPMENT COMMAND

This, decymon

sonteins inf i l"o:lln.lhondhulhbnudihowummwlhhmmndlhmm,mb



FOREWORD

There exists an urgent need to define and initiate a coordinated
Air Force Space Systems Program. The following pages outline in
broad terms a space program based on established Air Force General
Operational Requirements plus other requirements which appear to be
necessary to complete and integrate the over- gram. This
planning guide, which we call SPADE for "Sp frelopment" has
the following objectives:

1. To delineate Air Force space requirements;

2. To define the systems under development or being
considered to meet these requirements; and

3. To promote the recognition and advancement of the
technology needed to achieve the systems.

This initial report, which is very preliminary, is designed to serve

as the framework for continuing study. It is to be modified periodically -
as the need arises. :

This document is intended as a tool to assist in coordinating and
ordering the Air Force space program definition and development,
and is for the use of using commands in defining operational require-
ments, and centers and laboratories in analyzing development require-
ments. With the assistance of interested commands and agencies, the
study uitimately should define and provide an analysis of each of the
required systems in sufficient detail to show the inter-relationship
of the various technical requtrementl. The results of this analysis
will indicate critical areas in which technological advancements are

required to permit timely development of systems to accomplish the
space-age missions.

Nk NWASTY

OSMOND J. RITLAND f‘i
Major General, USAF
Commander
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AN AIR FORCE SPACE SYSTEMS DEVELOPMENT PROGRAM

I. INTRODUCTION

The competition among nations in introducing new military weapon
systems has become very critical with the development of the nuclear
warhead and thereafter the long-range ballistic missile as a carrier
for this warhead. Today, as the ballistic missile systems are becoming
operational, our nation faces new and intense competition in the exploitation
of weapons systems ufilizing space vehicles and satellites. Our greatest
threat is from an opposing nation which recognizes the military value of -
space operations, is capable of extreme control and acceleration of ‘
development effort, and will probably not, in actuality, conform to any
international agreements for ''peaceful use oniy" of space. With this in
mind, our nation must lose no time in defining and initiating a coordinated
military space systems program. '
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B. Evolution of a Weapons System

System operational requirements normally are initiated by the
using command or by a senior plans and requirements Air Staff agency
on the basis of an :analysis of a mission and broad studies of potential '
systems capabilities. The relative priorities of the operational require-
ments are established by consideration of the national strategy or concept
of operation, the state-of-the-art in the particular field, and the anticipated
systems costs for dévelopment, maintenance and operation.

The operational requirements- are converted to system development
requirements through opéra.tional concept studies and prelimina.i"y design’
analysis. This effort involves an’ analysis and study of similar existing and
planned syétema and a study of the pertinent state-of-the-art. The results
are normally preliminary development or desigxi specifications.

The preliminary design specifications are converted into a system
design by detailed design studies involving extensive selectivity studies and
tests of major compozients for the system. If the system is unique in that
it is a considerable extension of operational techniques and technical

capabilities, a feasibility demonstration may be required preceding the
design studies. 7

The system design is converted to a production design by further
study, and production and tests of development prototypes. Subsequent to
final design the system is produced and appropriate operational éuitability
and reliability tests are conducted. Modifications are made as necessary ..
and the system is put into operational use. ‘
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This sequence of events for a major weapon system usually covers a
period of from 5-10 years. Most weapon systems involve a major
_extension of the state-of-the -art for development of one or more of the
major components. This is particularly true in military space systems
development. If the systems currently under development and anticipated
can be defined and analyzed in sufficient detail to show the inter-
relationships of the various tgchnical'requirements. it should be

possible to foresee some of the critical technological advancements
required to permit timely development of the sy;scems.

C. Purpose of the SPADE Plan

The purpose of the SPADE Plan is to guide space system pla.nhin'g
by assembling and discussing space system requirements, analyzing the
systems under 'deveiopment or being considered to meet the requirements,
and correlating the major component requirements in principal areas to .
permit relatively economical and timely development. Timely identi-
fication and promotion of the state-of-the-art improvement in critical
areas is a major long-range goal of this plan.

Section II, which follovks, contains a listing and descriptions of -
Air Force space systems requirements. These requirements, for the
most part, are based on established General Operational Requirements
issued by Headquarters USAF. An effort has been made to indicate a
general priority for some requirements.

Systems which may fill certain of these requirements are dis-
cussed in Sections III and IV. In Section III are included systems which
are in operation, in development, or in the advanced planning stage.
These systems have been analyzed in some detail and can be defined
reasonably well. Section IV describes systems which are under study
or which are being considered but are in a provisional category pending
study and analysis. Characteristics and design details for the latter
systems are either very tentative or unknown. ‘

Section V lists long-range systems studies designed to investigate
concepts and areas from which future systems designs may be drawn.

4
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These studies play a key part in the evolution of a weapon.systém, for -
their results suggest new requirements and point the way toward systems
which may some day fulfill advanced requirements.

Section VI contains description_s of major test auppoi:t systems
or programs which are required or may be directly applicable to the
'space weapon research and deve10pment program

Section. VII contains a discussion of systems analysis and sub -
system correlation., Included are a consolidated schedule of all of the
space systems programs and a summary of system specifications or
characteristics for these systems which have progressed to the specification
stage. These charts, which are very preliminary at this time, serve to
illustrate the usefulness of the SPADE Plan and the effort to be associated
with the Plan. . As additional space systems are analyzed and the schedule
-and characteristics are defined more clearly, the data in the charts will
become more apparent.

Section VIII describes an analysis of Air. Force Space Booster
requirements. The correlation between individual system booster re-
quirements and a proposed development program for this major subsystem
area is explained. The intent to analyze other areas of major component.
technological development and state-of-the-art advancement is stated:. |

Certain conclusions are drawn in Section IX.

Appendix '"A'' contains selected definitions, and Appendix !''B'’
contains a number of references applicable to the system discussed in the
SPADE Plan. The complete booster analysis paper is included as. Append.i.x
"C!', and a list of representative development and research areas which

are or could support military space systems development is contamed
m Appendix ''D'’,
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‘II. MILITARY SPACE SYSTEMS REQUIREMENTS

The following section surveys the various military operations associated
with aerospace as an operating medium. It expresses these operations as
Military Space System Requirements. These requirements, together ﬁth
an indication of the status of programs to satisfy them, are summarized
in Table II-1 and described in some detaxl in the followmg pages. Although
an attempt is made to .examine the entire range of possible requirements,
it is well for the reader to keep in mind the systems of clearly-recognized,
early military interest, to-wit: v

Strategic communications
Recénna.iasance

Ballistic missiles

Missile and satellite defense

These areas are of early, definite interest, because it is now evident
that powerful, even decisive, military advantages are to be gained therein..
We are, of course, .continuing to analyze other areas of space weapon
possibilities for systems of considerable potential.

Of the currently-recognized space system requirements, both com-
munications and reconnaissance offer clear, concrete military advantages.
In each of these areas, systems can be developed now which will contribute
powerfully to our national military posture.

It has not yet been possible to focus quite so clearly upon the basic
area of strategic offensive-defensive forces, due to the depth of the
un-plumbed technology involved. The stratégic potential of the ICBM,
‘which traverses space for 90 i)er cent of its trajectory, is understood
very well. However, the full value of space as an operating medium
within which to blunt or frustrate an.enemy ICBM attack is not yet
completely understood.

Potentially, though, it is possible to recognize the overwhelming
military advantage accruing to the nation which first couples a useful
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ICBM defense with its decisive offensive strength. That nation will, if
it desires to use it, possess the capability to shape a stable world oxder.

-

In the more likely possibility that both the opposing nations achieve
approximate defensive parity, then a fremendous need for further offensive
improvements can be anticipated. Thus, in the classic military pattern,
the alternative move and counter-move of developing military capabilities 4
may be expected. ‘

Consider, for example, the possibilities generated by the development
of an orbiting defensive system which intexrcepts and destroys ballistic
missiles during the boost 6r powered-flight phase. Such an achievement
immediately initiates an effort to provide powerful satellite interceptor
systems, to attack the defenses; orbiting bombardment systems, which
can be launched innocuously from the ground; or advanced missiles which )
can evade or similarly frustrate the defenders during powered flight,

Thus evolves the ever-changing spectrum of military requirements and
defense expenditures. v

The pages which follow discuss individually the military space system
requirements which presently can be foreseen. Some of the requirements
may appear Buck Rogerish to those not in frequent contact with space
system activity. This is not the case. Many of these systems are
- feasible within the 1960-65 period, and others which now appear quite
extreme can be available in the 1965-75 era if selected and emphasized
development effort is initiated at a reasonably early date. In this
connection, it should be remembered that the complexity and cost of
current weapon systems have restricted the U. S. to a few selected
systems. The military leaders now know the number and kind of weapons
to be provided in the foreseeable future for defense of the U. S. As
time progresses, costly incremental improvement of current systems
could be accomplished. However, it appears to be almost mandatory
that we take a quantum jump into space, and develop selected active
defense as well as deterrent space weapon systems.
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A, Offense Missions

The projection of our national ICBM deterrent force capabilities
into the realm of space should be accomplished by a logical transition
from its current configuration into improved ICBM weapon system
capabilities coﬁpled possibly with a low altitude orbiting bombardment
system. A companion satellite reconnaissance and intelligence system
will also be necessary to support our national defense and counter
offense efforts. Extension of our initial low altitude system: to a
manned satellite might be foreseen during the 1965-1975 period.

1. Str ategic Mi s4sile

‘ GOR 180 establishes the requirement for an advanced or
improved ICBM weapon system whose initial range and payload will
provide the means to increase our operational flexibility and expand
our counter-offenaive capabilities.

Technical evaluation of the current ICBM weapon systems
" and the state-of-the-art of missile and .associated technology indicate.
it is possible to improve these systems to the deérce where a 9, 000
nautical mile, greater than 5-megaton payload capability could be
realized at an early date. Study should be continued in this area, and
" a restatement of R and D prodﬁct improvement and AEC development
should be obtained and evaluated.

In discussing advanced ICBM operational systems, con-
sideration must be given to the effectiveness of a large number of
relatively low yleld missiles with adequate range, great accuracy,
low vulnerability, and logistic support simplicity, versus a smaller
nuymber of high yield missiles that have adéquate range. and yield but
are inherently more expensive due to logistic and support problems.

Since "time" and "cost" appear to be two of our more critical commoditiés,
the early availability, increased reliability, and cost effectiveness of

the lower yield weapons may be our best near-term objective. The
long~term goal could continue to be the high yield warhead or comparable
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kﬂl capability, with the objective of achieving breakthroughs in the
state-of-the-art that would provide the higher yield in a light warhead
with the associated accuracy, logistic simplicity, and low vulnerability.

Specific requirements for the advanced/improved ICBM
missile state a range of 8, 500 miles, with a payload capability for
nuclear warheads in the 20-50 megaton range and CEP of one nautical
mile. This capability will permit the using command to locate its
launch sites anywhere in the ZI USA, and provides strike ca.pabilities
for coverage of USSR (and its Asiatic Communist-dominated countries)
industrial and metropolitan target areas. A counter-offense capability
against enemmy ICBM launch installations located as far south as the
Malayan Penninsula may also be realized. The capibuity represents
an advance in the ground-based U.S. ICBM deterrent force, supple-
menting the strategic manned bomber force. However, the need to
increase the deterrent threat and provide improved operational techniqueq,
particularly in the counter defense and penetration areas, through the
medium of air-launched and satellite-launched orbiting vehicles,
establishes the additional requirement for development of a strategic
- bombardment satellite. '

Air-launched and submarine-launched ballistic missiles
provide certain operational advantages over both the ground-launched
missile and the cruise-type stand-off weapon. In the first instance,
they offer extreme launch-site dispersion, mobility, and flexibility,
In the second instance, the stand-off weapon acquires the performance
to overcome enefny defenses.

(Reference: THOR, Section III-A-1
| ATLAS, - Section IH-A-Z
- TITAN, Section III-A-3
MINUTEMAN, Section III-A-4
ALBM, Section Iﬁ-A-S

- Advanced Strategic Missile, Section IV-A-1)
(See sections indicated for system descriptions)
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2. Bombardment Satellite

The feasibility and practicality of a bombardment satellite
must be carefully studied. The most obvious concept for a bombard-
ment satellite is a nuclear warhead in orbit about the Earth so that
the plane of its orbit passes over or near all potential targets. Thus,
a polar orbit would bring all areas of the world under orbit within a
twelve ~-hour period.- The warhead-carrying satellite could thus be
launched at leisure in orbit around the Earth, with the capability of
being triggeréd out of orbit when one so desires. The selection of -
orbits for a bombardment satellite must be carefully considered so
that all potential targets come under coverage of the satellite force
and that the destryction is such as to optimize the desired target
concentration and minimize the vulnerability of the satellite to a
satellite defense system. For use of a satellite as a bombardment
vehicle, the warhead must descend essentially intact through the
Earth's atmosphere to the target. Since the warhead descends on a
ballistic trajectory to the target when the orbital velocity is reduced,
this point of reduced velocity must be carefully predetermined in ordexr

to provide the required range accuracy. Detailed control of the velocity
of ejection. from orbit. will be required to a.chieve'accepta.ble accuracies.
In addition, some control in azimuth wul be required since only a rare
coincidence would place an intended target in the orbital plane of the
satellite. To achieve azimuth control, a compon_cnt of velocity must
be provided normal to the plane of the orbit.

The development of a strategic bombardment satellite
is an established requirement (GOR 174). The research and develop-
ment, and subsequent operational employment in space of an armed
nuclear satellite, by the U.S. must consider the political and world-wide
ramifications in the event of an unforeseen incident which may cause '
impact on friendly or enemy territory. Therefore, absolute control
must exist in all satellites carrying conventional and nuclear armament,
and specific sea areas must be designated for impact and recovery of
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erratic and malfunctioning satellites.. Pdsitive means of cataloguing -
and identifying U.S. satellites must also exist for control of this
system.

General development parameters for the strategic
‘bombardment saten{te are as follows: The mission will be to supple-
ment the national strategic deterrent force. It must have the character-.
istics for providing continuous alert, low vulnerability, long life
(reliability) and low cost. Control and cataloguing functions should
be within the capabil’ities of current or proposed military systems,
and/or modifications or additions to existing equipment. System and
subsystem developments should permit injection and ejection of multiple -
counter defense and penetration aid devices. Outside skin should be
non-reflective radar absorbent type. Simpiicity, protection against
neutralization, and positive warhead arming and disarming control
features are other development objectives. (Reference: Bombardment
Satellite, Section IV-A-2.)

3. Tactical Weapon System

A vxgorous study of the application of large ballwtic
missiles to tactical military operation is required to establish the
feasibility and potential availability of systems capable of performing
missions of the tactical air command, when it is no longer feasible to
‘use conventional aircraft. Operational objectives such as the attack
of mobile military targets, battlefield reconnaissance, and the delivery
of massive destruction against concentrated field forces, should be
evaluated for solution by the use of ballistic missiles or space vehicles,
The need for this type of weapon, or the utility of ballistic missiles’
for this application, will be determined by further study. (Reference:
Tactical Weapon System, Section IV-A-3.) |

- 4. Deception and Jamming

In studies which have been conducted to define satellite
defense systems, consideration was given to the possibility that the
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enemy might use decoys and jamming. Therefore, it appears that there .

is a requirement for a system capable of this type of action for use with -

U.S. satellites. In addition, consideration should be given to the possi-
bility of jamming enemy communications from a satellite as an offensive
measure. (Reference: Deception and Jamming, Section IV-A-4.)

B. Defense Missions

It is axiomatic that enemy capability te deliver decisive military
force against us through any operating medium requires our immediate
attention toward means of denying him this advantage. Space is such
an operating medium, and the balliastic missile has become an instrument
of decisive military force. Development of a missile defense system
thus becomes our initial space defensive concern. Our ability to
effectively employ such a defense will, in turn, call upon counter-
ingenuity by the enemy, leading through more versatile missiles to
offepsive satellite schemes, with an eventual probability of manned
offensive systems. Our defensive development timetable must keep
up with the enemy pace and should, of course, be designed to get out
in front. By overtaking the enemy here, so as to couple our offensive
might with an effective defense, the U.S. can again establish a favorable
balance of international power, mald.ng possible the achievement of a
stable peace. The discussions that follow concern these defensive
requirements.

1. Missile Attack Alarm

A requirement for a system capable of surveillance for
early warning of ballistic missile attack was established by GOR 80.

The infrared reconnaissance subsystem (Alert System),
which is to provide instantaneous alarm of attack by ICBM's, ‘is required
on a most urgent basis with an initial capability at the very earliest
‘date. The operational objective is to detect the launching of ICBM!s,
immediately alert the active missile defense system to such laimchings,
then track the ICBM!'s to positively determine that the attack is aimed

WDZR-180

. This decumemt centoins luknnmn oliacting e astional deferse of the United States vllhl- the mesning d Esplonage Laws, Title
- 18, U.S.C., Seciien 793 end 794, the transmission or revelation of which in any is prehibited by low.




at the U. S, or its possessions. Long-range plans envision the incor-
poration of the infrared detection and tracking capability into a manned
space defense vehicle system. (Reference: MIDAS, Section III-B-1,
and Advanced Attack Alarm, Section IV-B-1,)

2.. Ballistic Miasile Defense

The Soviet Union has, or will have shortly, an ICBM
capability that is a threat to our pation. Satellites launched by the
Russians indicate they have rocket engines and guidance systems
which are sufficiently developed to allow them to direct an ICBM
attack against the U.S. There is some question as to the actual
number of Russian _ICBM% that can be launched immediately; however,
they-'muat be assumed to have a production capability at least equal
to our own. During 1960 the Russians may be expected to achieve the
capability of launching a decisive ICBM attack.

) A require'ment for a ballistic missile defense system
was established by GOR 156.

The ob;iective of a ballistic missile or an anti-missile
defense system is to prevent the detonation of the nose cone warhead
in the intended target area. The three phases of an ICBM trajectory
(acceleration, coasting, and deceleration) define three general classes
of anti-missile defense schemes. These are commonly referred to
as the '"during boost!, ''mid-course', and ''re-entry' approaches.

Regardiess of the approach selected, an anti-missile
system must provide for the detection and tré.cking of the nose cone
vehicle until it can be diverted or destroyed by interceptor weapons.
The maximum flight time is of the order of thirty-five minutes so
that an effective defensive system must have} a very quick reaction
time.

Analysis of the three types of anti-missiles indicates that
the ICBM is most vulnerable during the boost phase of its trajectory
when detection and tracking of the nose cone vehicle are relatively
simple since the attached booster is optically visible for hundreds of
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miles. During this period infrared seeker missiles with non-nuclear -
warheads could divert the warhead by destroying booster guidance
and/or thrust. This approach cannot be pursued initially due to our
present inability to operate from satellite bases with the required
dagree of reliability and economy of effort. ‘

It appears that early anti-missile systems, if mandatory,
will have to be developed around gr.ound-based interceptors which.
destroy the warhead during the mid-course or re-entry portions of
its trajectory. Considerable study will be required before adoption
of a ground-based system. Powerful radar equipment will be required
to illuminate the ICBM-warhead for detection and tracking. Methods
" must be found to dis;::imina.te between this warhead and the swarms
of ‘decoys which are expected. Large interceptor missiles equipped
with nuclear warheads will probably be required to insure destruction
of the very rugged ICBM warhead. This, in turn, will place severe
altitude restrictions on the interceptor to prevent thermal or blast
damage to friendly territory. Such restrictions make the mid~course
attack more attractive than the re-entry approach.

Anofhar prime requirement of an anti-missile defense
system is a warning element to alert oir strategic offensive forces
as well as the civil and military defense agencies. For maximum
warning, surveillance satellites over enemy launch sites are required.
Passive IR sensors will be used to detect ICBM boosters as they rise
above the atmosphere. Interim warning systems, however. 'will use
ground-based radar or airborne IR equipment deployed as closely as
poutble to the potential missile launching areas.

3. Satellite Defense

The obJective of a satellite defense system is to catalogue
and mspect unidentified satellites and to disable those orbiting satellites -
found undesirable by the U.S. The system should have peacetime as
well as wartime poténtialities. This indicates a kill mechanism which

is more surreptitious (and less disruptive to radio communications, etc.)
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than nuclear destruction of the satellite. GOR 170 establishes the
requirement for a aatellite defense system.

The abthty to catalogue and disable enemy satellites
becomes urgently required at such time as Russia could, through
satellites, significantly threaten our national security. Present

'Russian satellites threaten only our prestige and complacency. Near-~
immediate Russian capabilities include using satellites for reconnais~
sance, surveillance, and counter-measures (electronic and saturation)
against our ICBM early-warning and defensive systems. This latter
Russian capability indicates an urgent requirement for a cataloguing
capability. By 1963-1965, satellites might be used to track (infrared)
our missiles 80 as to actively facilitate the Russian ICBM defense
system. We should counter these with an active ability to disable
enemy satellites. This ability would also be applicé.ble against Soviet
‘bombardment satellites, which might exist by 1965 if our missile
defenses made the Russians employ such weapons, and against Russian
satellite-launched anti-ICBM missiles possible by 1965-1970.

- The anti-satellite system will include elements which
locate, identify, inspect, and neutralize enemy satellites. Initial
interce ptors will probably be unmanned ground-launched systems,
with follow-on manned identification and heutralizing forces stationed -
in orbit, as.the art permits. Threatening satellites may be in orbits
varying from 100 to several thousand miles. Sizes may vary from 5
‘to 50 feet, and weights from 100 to 25, 000 pounds. Large numbers
of decoys, combined with numerous "spoofing" opportunities, will
make target identification and discrimination one of the severest
problems facing an effective, practi'éabler system. For good political
and technical reasons, killing with nuclear weapons may be unwise.
Careful inspection and kill assessment require the proximity feature
of a rendezvous type vehicle as an alternative to nuclear destruction
of the hostile satellite. Initial defensive force requirements will tend
to be reduced by systems permitting several orbital passes by the
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hostile satellite. Ground control systems must include or tie in with
"gpace track' or similar satellite acquisition, tracking and cataloguing

systems.

The problem of distinguishing satellite threats from decoys
arises, of course, when the threats materialize. As indicated above,
1963-1965 could bring a grave threat in the form of satellite components
of an effective Russian ICBM defense. The initial U.S. satellite
defense system must cope with this problem. By 1965-1970, the
increasing Russian capability (with recoverable booster) to economically
infest space with scientific probes, multi-ton satellites, jammers,
debris, bombs, ICBM detectors and interceptors, and multitudes of
decoys will require an advanced interceptor/inspection system to cope
with the problem. (Reference: SAINT, Section IlI-B-2.)

C. Surveillance Missions

Advanced surveillance systems are required to provide aerial
world-wide reconnaissance, to provide strategic intelligence data, and '
to support international inspection systems. The systems devised will
be companions to the advanced offensive and defensive space systems
being considered and consequently must be compatible with these
systems. '

GOR 80 establishes a requirement for Reconnaissance Satellite
Weapon Systems to provide the necessary reconnaissance capability.
The satellites will be launched from stations within the U. S. into Earth
orbits and will be monitored initially from ground stations in the
Western Hemisphere. They will be employed in numbers required
to acquire or confirm data concerning actions, locations, capabﬂities,
and vulnerability of manned and unmanned strike forces. Separate
or combined configurations of the photographic, electronic, infrared
or other sensors will be employed to provide the desired coverage.
-Each satellite will require the capability of in-flight processing of
data collected and transmission to ground stations or to other satellites '
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electronically and/or by physical transfer techniques (including Te-entry
and recovery).  Man will undoubtedly have a place in this system,
ultimately, io provide on-the-spot decisions and equipment control

and repair.
The Reconnaissance Satellite subsystems are:

1. Visual and/or IR Satellite

. The Visual and/or IR Reconnai'uance Subsystem is to
provide source material for the production of intelligence information,
target materials, air navigation and topographic mapi, and weather
data priinarily in the form of cloud cover. This operation involves
aerial photography, on-board processing of film, and return of data
to ground stations. -Development will involve progression from lesser
to greater resolution as the state-of-the-art in satellite reconnaissance
improves. Initial general coverage with 100 foot resolution and spot '
coverage with 20-foot resolution with twelve months life will provide
some capability. In future systems, general coverage with 10-foot
resolution and spot coverage with l-foot resolution with a three to
five year life is desired. (References: SAMOS, Section III-C-1,
and High Resolution System, Section IV-C-1.)

2. Ferret

The Electronic Reconnaissance (Ferret) Subsystem is
to intercept electromagnetic emissions from potential enemies, to
store the information until a time suitable for. retraz;amiaﬁon, then
to transfer the interéepted information in a2 secure maneuver to a
central intelligence station. Intercept coverage in the band of:
frequencies between 30 MCS and 40 KMC's is required. A direction
finding capability to an accuracy of five miles is desired but its
incorporation should not delay the availability of the initial version
of the Ferret subsystem. It may be desirable to incorporate the
Ferret subsystem with the Visual Reconnaissance subsystem.
{Reference: SAMOS, Section II-C-1.)
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3. Mapping
The Mapping and Charting Subsystem is to provide carto-

graphic agencies with photographic and radar mapping service of the
land mass areas of the world, including those areas which are not
presently accessible whether for political or other reasons. The end
product of this subsystemn must result in maps and charts (or substituteé)
of geodetic accuracy. Photography produced by this subsystem must
be of high quality with sufficient data recorded on the negative to
facilitate reduction to usable form by cartographic agenéies. High-
resolution radar should provide data not available by photographic
means. The required quality of the data and the quantity of mforma.tion
involved would appear to govern the necessity of a means of recovering
the film itself in this aubsystém. (Reference: SAMOS, Section III-C-1.)

4, Weapon Test Surveillance

Possible international agreements on disarmament crea.t'e
a need for surveillance of space to detect nuclear explosions. Even
in the absence of such agreements there is an intelligence requirement
for such data, (Reference: Weapons Test Surveillance, Section IV-C-2.)

D. Communications Mission

The communications satellite provides a relay station for
long-distance radio communications. Initial applications are ground/
ground and ground/air; later applications will require links between
the various elements of complex military space forces. GOR 178
describes the requirement for a communications relay satellite system
for ground/ground and ground/air communication.

Satellite communications relay for military operations control
promises relative invulnerability from certain critical enemy threats
against other communications means. A particularly pressing need,
that for over-the-pole communication with SAC bomber forces, can

be achieved using 5, 600-mile polar satellites. An extremely hard
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world-wide (exclusive of polar regions) system can be achieved using
22, 700 -nautical mile ''synchronous’ satellites. The first space-to-
space communications applications could well accompany missile-
warning (and later, missile-tracking) satellite systems. Each major .
weapon system advance after that will require increased space
communication capabilities. |

Initial communications satellites must include sensitive,
jam-resistant receivers and transmitters as well as precision attitude
control for antenna positioning. Urgeant developments include long-
life power sources, such as big arrays of solar cells, and large
payloads to permit high volumes of data transmission. Military
space communications will have to devote great emphasis to light,
long-lived, reliable and secure systems. The commnnicaﬁonq
advantages of space long line-of-sight ranges and freedom of atmos-
pheric and ionoébheric attenuation between suitably positioned space
vehicles, must be fully exploited. As payloads and secondary power

sources permit, satellite-borne jamming equipment will offer advantages
in space-era ECM.

(Reference: STEER, Section III-D-1
TACKLE/DECREE, Section III-D-2
'SAC Polar Satellite, Section IlI-D-3
'FLAG.- Section III-D-4
COURIER, Section III-D-5

Global Communication Sa.tellite. Section
IV-D-1)

E. Supporting Missions

There are aumerous categories of space activity which we must
master to acquire the primary mission capabilities discussed before.
Some of these "'supporting" space missions will be initially empioyed
in support of non-space operations. In genefa.l, though, these early
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accomphehments will provide the know-how required later for vital
~ support of operational space systems. The followmg paragraphs dtscusa
several of these supporting systems which will ultimately provide ’
important elements of the technology permitting military operattons
in space.

1. Environmental Observing and Forecalting_

As military operations are extended beyond the Earth's
atmosphere the need will grow for an integrated system to coordinate
the observing and forecasting of environmental conditions which the
space mi-uione will encounter. GOR 176 establishes a requirement
for such a system to extend and supplement the i:reeent weather observing
and forecasting system.

The primary function of the system is that of furnishing
environment rei:ortipg and forecasting support to space vehicles operating
above 200, 000 feet. A secondary function is observation of weather in
support of a Weather Observing and Forecasting System. This system
would operate much the same as the existing weather system insofar as
processing and analyzing the environmental data and distributing fore-
casts and information to interested commands.

The environmental data would be procured from special
meteorological satellftes or from multi-purpose satellites and other
space craft. Development of space environment observation and
reporting procedures and equipment must be coordinated with the
development of other space systems, in particular the reconnaissance
satellites, in order that the environmental observations may be procured
from such satellites and from other space craft as an associated function
of such vehicle operations where practicable. Development of this
system should parallel the development of the family of space weapons
to provide the timely incorporation of environmental reporting componente
and procedures into the design of each system where feasible. (Reference:
TIROS, Section HI-E-1.)
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2. Space Navigation Aid

_Navigation aids placed in orbit promiée certain aids to
position determination on or near the Earth's surface. Ultimately,
“heacons" in terrestrial and cislunar space will facilitate the positioning
or navigating of military satellites and space vehicles. This require-
ment is not specifically called out in an established GOR, since the
need can be expected to arise primarily as an outgrowth of specific
mission-system requirements.

The basic time requisite is to acquire sufficient experience,

through early experimental efforts, in order to meet requiremeats
"which will be defined as future military space systems, and should
receive careful design consideration. Defensive systems involving

large numbers of patrolling satellites might well utilize positional
reference satellites to maintain necessary control of far -flung forces.
Later operations involving maneuverable defensive patrols, possibly
extending to cislunar ranges, may call on further navigational assistance,
perhaps from nfixed" 24-hour or libration-point satellites.

Va.z_'ious doppler and hyperbolic; schemes may find .appli-
cations. Objectives will be to supplement stellar references with
févora.bly located *beacons" nearer the operational arena. It is most
likely that na.vigatioﬁ schemes will depend upon requirements of the
missions of the over-all weapon systems. (Reference: TRANSIT,
Section III-E-3, and Advanced Navigat{on, Section IV-E-1.)

3. Logistic Support of Space Operations. (recoverable
boosters, maintenance and re-supply, space transportation)

The deployment and use of integrated offensive and
defensive space systems, ultimately requiring scores and possibly
“hundreds of cooperating. functioning satellites, will pose challenging
logistic problems. To operate effectively in space, we must solve
these problems. We must economica.liy gét these large numbers of -
satellites into orbit and then replace (or augment) them as they wear

CONFIDENFAL
: 1-17

This o -Mlu the notional defense of the United Stotes within the meaning of the Espi
18, U.S.C., Section 7’3 md 794 the transmission or revelation of which in any o on iized person is prokibi l!;

Titte
low.



out. Ultimately, we must be able to repair or re-supply the basic

satellite vehicles. Finally, when man begins functioning in space, we

will have problems in personnel transportation. Existing GOR's

(80, 170, 174) which may be met by orbital systems involving large -
_numbers of satellites establish the urgency of space logistic considerations.

Large scale syitems first become feasiblé and required
with the ICBM tracking and detection component of the missile defense
system. Later, orbital anti-satellite patrols and offensive systems
will be in operation. Still later, manned satellite inspection systems
and other manned systems will require full-scale logistic support.

Recoverable boosters offer great economies in the deploy-
ment and replenishment of many satellite military systems. These
vehicles must be available eventually in the million-pound and greater
thrust class; they must be maneuverable enough (and manned, if

necessary) to assurée recovery eaaentially intact for re-use.

With more complex systems aloft, economies may eventua.lly.
become feasible if malfunctioning satellites are repaired instead of
replaced. Re-fueling of powered satellites which must periodiéally
reposition themselves or must indulge in man.eu\fers is another such
application. Requirements for rendezvous are similar to those raised
by the satellite inspection (defensive systems) requirements.

Man can obviously participate very profitably in these
logistic functions, and it may be here (in a non-combat environment)
that he first fulfills a military role in space. If so, this will bring
on requirements for personnel transportation into and out of space,
and for considerations of manned space station assembly and operation.
(Reference: Re-supply, Section IV-E-2, and Transport Logistics,
Section IV-E-4.)

4. Rescue

A requirement exists for a satellite system capable of
locating persons in distress on the Earth's surface. Reception of
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distress signals and re-transmission with location data to a ground station
can be envisioned as an early system capability. (Reference: Rescue,
Section IV-E-3.)

5. Satellite Trackin ia.nd Cataloiuins_

The obJective of the satellite tra.ckmg and cataloguing aystem
.is to detect, track, and compute orbital data for all satellites, both
cooperating and non-cooperating. Specifically, a requirement for this
system éxisto in. support of the satellite defense mission. In addition,
data provided by this system would be useful for mtelhgence purposes.

An operational space track system should have a capability .
of detecting dark (non-radiating) satellites passing over the continental
U.S. at altitudes to 1, 000 nautical miles. An increase of altitude
~ detection capability to as much as 25, 000 nautical miles is a desirable
objective. The system should be capable of trac}cing uncooperat{ve
satellites with accuracy sufficient to provide orbital information needed
by a satellite inspection system.

' In addition to acquisition and tracking radars and other
radio detection devices, the system must have adequate communications
facilities for data transmission to a control center. The control center
facilities would include computation, maintenance of a space situation

display (showing locations of all satellites), and provision for threat
alarm.

Detection equipment for dark satellites at altitudes to 1, 000 |
‘nautical miles could be available in the 1961-1962 period. Considerable
improvement in the state-of-the-art will be necessary for a significant

increase of this altitude capability. (Reference: 'Space Track System,
Section III-E-4.) '
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1II. SYSTEMS: ACTIVE AND PLANNED

In this section are described systeme which are in operation, in

development, or plahaned.

A. Offense Systems

i. THO

THQR(SM-75) is a single-stage liquid-fueled IRBM, mounted
in soft surface launch complexes, which is now completing its develop-
ment period. ‘ '

It can be launched within fifteen minutes of fire order.

Initial THOR squadrons are now operational under the RAF in Great
Britain. ' '

Mission Strategic bombardment

Length 64 feet 10 inches

Diameter 8 feet

Weight 110, 000 pounds

Propulsion Single engine, 150, 000 pounds
thrust

‘Guidance Inertial, 2 n.mi. CEP

Re-entry vehicle Copper heat-sink

‘Warhead - 1600 pounds

Operational range 300 to 1500 n.mi.

2. ATLAS

.ATLAS,(SM-65) is a stage-and-a-half liquid-fueled JICBM
now approaching operational status. It can be launched within fifteen
minutes of fire order. Initial squadrons will be mounted in soft surface
launch complexes; later squadrons will be hard-based in underground
silos. The ATLAS will be stationed within the continental United States.

Mission Strategic bombardment

Length 82 feet 6 inches

Diameter 10 feet

Weight 266, 100 pounds . '
Propulsion Booster engine: two chambers,

total 300, 000 pounds thrust
Sustainer: one 60, 000 pound
A ’ chamber
Guidance Radio guidance, 2 n.mi. CEP
(inertial guidance later) -
Copper heat-sink (ablative later)
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Warhead

Operational Range

3. TITAN

1600 pounds
2000 to 5500 n.mi. (7000 later)

" TITAN (SM-68) is a two-stage liquid-fueled ICBM now under-
going flight tests. It will be launched within fifteen minutes of fire order.
Squadrons will be deployed in underground silos capable of withstanding
100 psi overpressure. Operafiona.l capability is scheduled for mid-1961.

Mission
Length
Diameter
Weight
Propulsion

Guidance )
Re-entry vehicle
Operational range

4. MINUTEMAN

.Strategic bombardment

97 feet

10 feet

221, 000 pounds

First stage: two chambers, total
300, 000 pounds thrust. Second
stage: one chamber, 80, 000 pounds
altitude thrust

Radio (inertijal later)

Ablative, 4100 pounds

Over 5500 n.mi

MINUTEMAN (SM-80) is a three-stage solid-fueled ICBM
now under development. It will be substantially smaller than ATLAS or
TITAN. It can be launched in seconds after receiving fire order. Squadrbns
will be dispersed principally in hard underground installations, with about
25 percent of the force scheduled for mobile (railroad) deployment to

further confound enemy counter-action.

for ea.rly 1963.
Miséion

Length

. Diameter
Weight
Propulsion

Guidance
Re-entry Vehicle

Maximum Range
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Operational capability is scheduled

Quick-~reaction strategic
bombardment

- 56 feet
- . 5-1f2 feet

65, 400 pounds

First stage: 166,000 pounds thrust
Second stage: 47, 000 pounds thrust
Third stage: 15, 500 pounds thrust
Inertial ({ n.mi. CEP)

Ablative 550 to 790 pounds

5500 to 6500 miles
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‘5. ALBM

WS 138 A is now under development. It will provide an air-

launched ballistic mi'ssile for use in strategic bombardment.

Mission Strategic bombardment
Length About 50 feet

Weight About 50, 000 pounds
Propulsion : Two-stage solid propellant

‘Range Approximately 1000 miles

B. Defense Systems

i. MIDAS

MIDAS is a planned satellite system which will provide, via
infra-red detection of the missiles' boost flight, instantaneous early-
warning of hostile ICBM attack. This technique supplements BMEWS with
a different technology for greater assurance of success, as well as extend-
ing the available warning margin to approximately 25 minutes. It will
become operational in 1961. »

Mission Missile attack alarm
Payload ' Infra-red missile detection and
. instantaneous signalling
Booster Atlas-Agena
Satellite Weight . 2500 pounds
Orbdbit 2000 n,mi., circular, near-
polar
2. SAINT .

~ SAINT is a planned program, now being considered by Head-
quarters .USAf, for the development of a satellite defense system. The |
operational system, WHITE SAINT, would be an unmanned, ground-launched
system to intercept, inspect, and optionally negate satellites passing over
the United States at.up to 1000 miles orbital altitude. It would be operatxona.l
by early 1964. GREEN SAINT would be an earlier (1962-1964) feasibility
demonstration of the ground-launched co-orbital interception technique.
SILVER SAINT is an investigation of a light-weight. air-launched co-planar
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interceptor while BLUE SAINT is a study of a later manned satellite inter-

ceptor and inspector The followmg table refers to the initial operatxonal
system, WHITE SAINT:

Mission Intercept, inspect, and
: optionally negate unwanted
satellites
Payload Detection, communications,
maneuvering and negating
capabilities
Booster Atlas-Centaur (Thor-Hydra
. for GREEN SAINT)
Satellite Weight 3500 pounds (1400 pounds.
_ GREEN SAINT) _
Orbit 100-1000 miles, maneuverable

(300 mile - GREEN SAINT)

C. Surveillance System

1, - SAMOS

SAMOS is a satellite system, now approaching the flight test’
phase, which will 4provide operational military reconnaissance of the Soviet
land mass. Types of coverage will include photographic, both for intelligence

and for mapping, and electromagnetic ferret. The system will be operational
in 1961, '

Mission Military reconnaissance
Payload Sensing, storage, and command
readout (alternative recoveraale
, system)
Booster Atlas-Agena
Satellite Weight: 2800 pounds '
Orbit 260 n.mi., near-polar circular

D. . Communication Systems

1. STEER

STEER is an R and D program intended to demonstrate the
feasibility of a polar satellite active communications relay for ground-
to-air use. The development system will not include the orbit-keeping
subsystem required for a sustained, 'op'erational system. The flight test A
program is. scheduled for 1960-1961. '
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Mission ' "~ R and D for SAC Polar ground-

air communications

Payload Active, instantaneous com-
‘ : muhications repeater
(WADC system)

Booster Atlas-Agena. (as in SAMOS)
Satellite Weight 400 pounds
Orbital Altitude 5600 n.mi.

2. .SAC POLAR

The SAC POLAR satellite is a planned operational follow-on

to STEER deaign.ed to provide secure combat-useful communications relay
from ground control points to airborne SAC units in the polar regzona. As
such, it will provide one means of cu-cumventmg enemy and natural obstruc-
tions in mamtammg positive control of the bomber fleet. The system will
include eight satellites in polar orbits, with the necessary station-keeping
capabzlxty to correct and ma.mtain the orbital position. Operational date |

is early 1963,

Mission ’ SAC po.la.r ground-air communica-
tions

Payload = =~ Active, instantaneous communica- -
tions repeater (WADC system)

Booster - Atlas-Agena (as in SAMOS)

Satellite Weight 400 pounds (minimum)

Orbital ’ 5600 n.mi., polar

3. TACKLE/DECREE

TACKLE and DECREE are Army-managed development prb-
grams intended to demonstrate the boost, injection, and control of a
communications payload in a synchronous 24-hour orbit, and to integrate
the payload and satéllite with the launch syétem. Neither program is '
designed to satisfy Air Force operational needs; thé Army Signal Corps
is the communications agency involved. TACKLE will employ ATLAS-AGENA
vehicles, launched from Vandenberg AFB starting 1961, with preliminary
and test versions of the DECREE payload. DEGREE will use the NASA
ATLAS-CENTAUR vehicle, launched from AFMTC starting in 1962.
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Mission Develop synchronous com-
munications satellite

Payload . Active, instantaneous repeater
: (Army Signal Corps system)
Booster Atlas-Agena (TACKLE)-Atlas-
Centaur (DECREE)
Satellite Weight 400 pounds (TACKLE)
1300 pounds (DECREE)
Orbit 5600-10, 000 mile elliptical

polar (TACKLE) .
22, 400 mxle equatorial (DECREE)

4. National Survival Communications System (FLAG)

FLAG is a planned operational a&stem, now under consideration
by Hq USAF, designed to provide secure combat-useful communications
relay between ground control points. It is primarily to ensure the control
of our SAC retaliatory forces under conditions of enemy attack, sabotage,’
or nuclear blackout. The system will employ three large satellites in
synchronous orbits providing redundant coverage of the North American
continent and adequate coverage of the non-polar free world. The ground

system will employ fixed (non-tracking) hard antenxias,. Operational date
is late 1963. '

Mission - | SAC non-polar ground-ground
‘ hard facility communications
Payload : . Multi-channel, jam-resistant

active, instantaneous

communications repeater
(WADC system)

Booster Large (SATURN class)
Satellite Wezght 3-4000 pounds
Orbzt 22, 400 n.mi. equatorial

(dog-leg injection)
5. COURIER
COURIER is an Army system providing anx active, delayed

communications repeater for certain of their military needs. The Air

Force is scheduled to provide booster support in 1960 and 1961.
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