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This briefing represents the Midtexm Progress Report of the study of Commonality
of Space Vehicle Applications to Future National Needs, which is being studied by The Aerospace
Corporation as part of its FY 75 study support to NASA Headquarters. This particular con-
tract extends throughout fiscal 75 and has four major activities, two of them which are being
reported on in this briefing. |

In the first half of the program, functional requirements for space systems based
on future needs and environments are to be derived, both for the military and the civil com-
munities. Separately and in parallel, possible space initiatives based on extrapolations of
technology are to be compiled without regard as to need but only with respect to feasibility,
given the advanced state of technology which could exist through the year 2000.

In the second half of the program, the initiatives are to be matched against the
requirements, a methodology developed as to how to match and select the initiatives to go
with each of the separate plans based on the future environments, and common features of
the military and civil support requirements for these programs .are to be derived. The output
of the program will'be several sets of building block and technology activities which are likely
to be needed in common by both the NASA and the DOD in their future activities in this time

period.

This progress report represents roughly the halfway point in the contract and reports
on the first two of the above activities, namely the functional requirements and the technological
capabilities.
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Several important ground rules were established at the outset of the contract in

order to appropriately scope the work without unduly restricting its vitality. They are
illustrated on the facing page.
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OBJECTIVES .

TO IDENTIFY DEVELOPMENTS AND TECHNOLOGY LIKELY TO BE
NEEDED IN COMMON BY NASA AND DOD TO SUPPORT POTENTIAL
SPACE PROGRAMS THROUGH THE END OF THE CENTURY

IN THE COURSE OF THE ABOVE,

- IDENTIFY LIKELY NATIONAL AND SPACE GOALS IN THE
TIME PERIOD

- COLLECT NEW SPACE INITIATIVE OPPORTUNITIES

- DEVELOP A LONG RANGE PLANNING METHODOLOGY
BASED ON APPLICABLE PORTIONS OF THE DOD PROCESS

- STRUCTURE ALTERNATE SPACE PROGRAM PLANS

~ EMPHAS{ZE MILITARY PLANNING, TO COMPLEMENT -
IN-HOUSE NASA STUDIES



GROUND RULES

TIME PERIOD 1980 - 2000
NO CONSTRAINTS DUE TO CURRENT

BUDGETS
POLICIES
TREATIES
GOALS
TECHNOLOGY

— T e T, e

NO EVALUATION OF THE RELATIVE MERITS OF SPACE VS, TERRESTRIAL
APPROACHES’

EMPHASIS ON MILITARY SPACE, WITH CIVILIAN SPACE TREATED T0
THE EXTENT NECESSARY FOR CON\MONALITY EVALUATION; HOWEVER
ANY CIVILIAN IDEAS SHOULD BE FULLY REPORTED

|
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. The Study Schedule as shown in this chart will result in a draft report at the end
of May and a final report at the end of the contract. This is the midterm status report and
is based on the midtexm presentation. ’

The main tasks of establishing the goals, collecting the concepis, and synthesizing
the initiatives will be iterated in the March time period following an exchange of data between
this study and the '"Outlook for Space' study.




ACTIVITY SCHEDULE - NASA TASK 2.5

SOW WANPOWER
oo | TASK o R L N LR ER v
= | 1 | UPDATE STUDY PLAN N 05| L0
-- 2 | ESTABLISH GQALS -—h—‘—-:::::--_-_—__. 3.0 6.8
251 | 3 | COLLECT CONCEPTS A 20| 46
* “SYNTHES I ZE/ANALYZEIDES - - '
2.5.3 | 4 | CRIBE INITIATIVES | =TT 10.0 | 22.7
2.5.2 | 5 | IDENTIFY BUILDING BLOCKS . 35| 8.0
[, | DEVELOP PLANNING METHODOL-| | 1] nee
OGY CRITERIA EOR PLAN STRUC
254 | 7 | FORMULATE PROGRAM PLANS b 100 | 22.7
2.5.5 | 8 | REPORT PREPARATION | Ry | 60|17
9 | ASSESSMENT SUPPORT - l"l'"f" 3.0/ 68
TOTAL 24.0 1 100.0
OUTPUTS v v 'v o
©  BRIEFINGS Inital  Status  Status Final
v v,
®  REPORTS Initial Dritt  Final
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The first section of this report presents the functions which space could perform in
support of the National goals expected in the likely environment through the year 2000.

The considerations of the environment, both international and dome stic, which will
give rise to needs and goals for the nation in the time frame are developed in Appendix A for
both military and civilian goals. The environments are only briefly summarized in this section,
the goals presented, and their relation to.the environments stated without development, as

are the gpace functional requirements.

The civilian goals are discussed first, with the military goals and functions second.
The civilian goals are divided into three major areas: those dealing with contributions to
public service and humanistic goals; those which are materialistically oriented; and those
which are intellectually oriented. They will be discussed in that order. .

The future environments were developed in part based on discussion with knowl-
edgeable people in industry, science, and government.




SPACE FUNCTIONAL REQUIREMENTS



CIVILIAN AREA

PRECEDING PAGE BLANK NOT FILMER
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The following four pages present an outline of some key aspects of the likely
environments in the period 1980 - 2000, and some of the ten significant problem areas
implied in such an eavironment. The forecast shown is based on the reasoning developed
in Appendix A,
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A.

SOME KEY ASPECTS OF THE 1980-2000 PERIOD
AS RELATED TO GOALS OF U.S. SPACE PROGRAMS

I

U, S, ~-WORLD INTERACTIONS

1. High and Growing U.S. Material Wealth Compared to Remainder of World

U.S. agricultural, because of combination of rich soil, favorable climate, advanced
technology, and supportive government institutions, will be outstandingly productive,
and provide large surpluses over domestic needs. -

U. S. industry will continue exponential growth at a diminished percentage rate of
increase, but with absolute increase per year larger than any other nation.

The U.S. wealth vs. the relative poverty of about two-thirds the world population
and the disproportionate U.S. use of global resources will become an even more
important irritant in international relations.

Immpact for Space Programs

International sharing of benefits of space programs will help to ameliorate anti-U. S,
feelings engendered by disproportionate U.S. wealth and consumption of resources.

2. International Economic Interdependence

U.S. economy will become more and more complicated. Both because of special
materials needed by the U.S. technological society from the rest of the world,
and because of the balance that foreign markets provide, the U.S. economy will
become more dependent on foreign nations. .

13
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International Economic Interdependence (cont'd)

In some areas, space programs can reduce U.S. dependence on foreign nations.
Again,; by sharing space béhefits, some interdependence in specific¢ areas may be
made more workable and even desirable as a basis for peace by shared economic

Impact of U.S: Economy and Culture on the Internal Affairs

While individuals in foreign countriés may profit by relations, be attracted to the
cultire, and desire closer friendship with the U.S. (and even personal participation
in shared spacé progFams), governments will feel threatened and tend to exclude
the U, S. froin direct effécts on their citizens.

Th1s issiié will remain as complicated as ever, with the U.S. in shifting, ambiguous,
and unpredlctable positions. It will on occasion engender, and on occasion kill,

No easy consensus on domestic goals or policies.

2.

Impact for Space Programs.

1nterests.
3;

- of Foréign Governihents

4; Intérfational Peace

é¢oopeiative internatiotial space véntures.
U:S. INTERNAL RELATIONS
1.
2.

Dichotomic and schizoid relationship of citizens to govetrnment.

Desired:
Less government influence on private lives, activities.

Less government coercion in jobs, economic activity. Government non-
interference with business, and with economic development.



3.

4.

But also desired:
More government planning.
More government regulation of economic predation.
Government guaranteed economic welfare.
Dichotomic relation within society
Desire and respect :E:'or cultural ;:'{iversity.
Demand for social conformity.
Condition of "The Establishment"
No clear identification of any group as really belonging to the establishment.

Establishment is a labile consortium of ecohomic, political, intellectual,
and religious interests--largely centrist orientation.

Everyone believes he is disenfranchised from the establishment--only other
interests belong.

Personal concerns overwhelm national and international concerns. Neo-
isolationism not from principle, but from lack of sustained interest.

Fracturing of social structures with many pressure groups within groups.
I.abor no longer monolithic,

Lack of compelling national goals,| frustrated vision of national greatness,
dryness of national accomplishments, denigration of national éfforts--

this may be the predominant feeling of the U.S. citizen. On the basis of this
emotional negativism, the space program will be evaluated.

15



SIGNIFICANT PROBLEMS OF THE 1980-2000 PERIOD

A. INTERNATIONAIL

1.

2.

3.

4.

Overpopulation and disappearance of expansion space.

Limitations on fundamental natural resources by current or planned methods of
exploitation.

a. Limited oil and natural gas
b. Limited supply of specific minerals - uranium
c. Potential exhaustion of world fisheries

Disaffection of non-industrialized world with affluence and high level of consumption
of U.S.

International conflict, strife, warfare.

B. NATIONAL

16

Intermediary term optimization of industrial actnnty.' Cost-benefit balance in
exploitation or conservation.

Stable energy supplies at adiabatically adjusting prices.

Management of agricultural resources to provide dependable, bountiful domestic
supplies and surpluses for foreign consumption at adiabatically adjusting prices.

Government responsibility for health and safety.
Frustrated vision of national greatness with morality.

Universal feeling of exclusion from the "Establishment. "
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This page is a summary of the potential space contributions to public service
The functions identified here such as monitoring of pollution,

and humanistic goals.
disaster warning, crop prediction, water surveillance, aid to police, control of nuclear
materials, etc., are those which are difficult for the private sector to marshal and that

we would expect our government to do for the people,

18
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POTENTIAL SPACE CONTRIBUTIONS TO PUBLIC SERVICE AND. HUMANISTIC GOALS

GOALS SPACE FUNCTIONS
| a— — — =—_:===&

1. [International Cooperation o International space projects
@ Share benefits of U.S. space projects

2. Aid to General Safety o Disaster warning and control
® Drought prediction
e Transportation safety control

3. Protection of the General ¢ Pollution monitoring

Environment e Preservation of the ozone layer
' o Prediction of ionospheric disturbances

e Preservation of near-space environment

4. Individual Aid and Protection o Personal communications, emergency, and routine

5. Aids to Crime Control ¢ Night illumination and searchlights
¢ Police communications and controt
o Traffic control

6. Internal Security e Border surveillance against illegal entry

e Control of nuclear materials
7. Improved Relation of Citizens to o Better communications access between people
Government
8. Enhancement of Satisfaction ® Develop pride in significant accomplishments

.19
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This page is a summary of the potential space contributions to materialistic goals
where the government can directly aid the economy or a segment of industry., Here the
monitoring for resources, weather prediction, energy management and delivery, crop and
forest surveys, disposal of nuclear wastes, f1nd1ng of watersheds are typlcally the functions
which are called for., The first goal -~ that is promotion of national peace -- is treated in
more depth under the military goals.

20




POTENTIAL SPACE CONTRIBUTIONS TO MATERIALISTIC GOALS -

GOALS

SPACE FUNCTIONS

Promotion of 1nternational
Peace .

Aid in U.S. Position of World
Leadership -

Aid in Increasing industrial
Activity

Aid in Agricultural and Forest
Management

Provision of New Resources
Acquisition of New Environment

Use of Space to Remove Hazards
from Earth

Treaty verification
Nation-nation ''hot lines'

Demonstration of innovatjve problem - solving;
mastering of high technology; international
enterprises, etc. .

Resource exploration

Pollution monitoring

Weather prediction and control
Transportation control
Communication facilities

Energy management and generation

Weather prediction and coritrol
Crop prediction
Forest surveys

Energy delivery

Large, high vacuum
Zerog

Perform hazardous processes
Disposal of wastes

21
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The potential space contributions to intellectual goals are listed here with emphasis
on scientific goals related to understanding of physical laws and the universe. The lists of
space functional requirements summarized in the last three charts include most areas being
pursued by NASA today, though some areas clearly suggest or indicate directions in which
initiatives could be developed for technology or system programs.

22




POTENTIAL CONTRIBUTIONS TO INTELLECTUAL GOALS

GOALS

Aid in Determination of Origin of
Solar System

Aid in Understanding Galactic
Structure and Dynamics

Aid in Understanding Cosmology

Verification of Physical Laws
in the Large

Verification of Basic Physical
Laws in.the small

— e e

SPACE FUNCTIONS

e

Planetary exploration and geology
Nature of asteroids
Cometary research

Infrared astronomy 5-500 4 m
Ultraviolet astronomy

X-ray astronomy
Observation of distant objects
| ntergalactic materials study

General relativity experiments

Invariance of velocity of light experiments
Experiments on homogeneity and isotrophy of
empty space in the large .

Precise measurement of gravitational constant
Precise measurement of equivalence of inertial and
gravitational mass

23
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The general pattern of international developments in the time period indicates
increasing stress with resultant tactical conflicts at an ever-increasing pace, as well as
a continuation of ideological conflict among major nuclear powers.

26
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COMPLEX PATTERN OF INTERNATONAL RELATIONS
1980 - 2000

5 REGIONAL GREAT POWER CENTERS (3 NUCLEAR). -- SURPLUS AREAS.
REMAINDER OF WORLD POLITICALLY AND ECONOMICALLY FRAGMENTED -~
DEFICIT AREAS,

ECONOMIC AND CULTURAL STRESS AMONG GREAT POWER CENTERS.

NUCLEAR FORCES CAPABLE OF MULT1-REG IONAL OVERKILL. NUCLEAR CONFLICT
DETERRED. ' NON-NUCLEAR CONFLICT LARGELY UNINHIBITED,

VERY SEVERE STRESS IN DEFICIT AREAS, PRODUCING VARIED LOW LEVEL
CONFLICTS, SEVERAL PER YEAR.

~MULTI-PARTY MANEUVER ING FOR ADVANTAGE -- ECONOMIC, POLITICAL,
IDEOLOGICAL.

27
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The major goals for the U.S. are indicated: to maintain a credible strategic deter-
rence, and to increase the tactical capability to the point of credible 'tactical deterrence'';
and to win tactical conflicts rapidly and decisively if forced to enter. The major problems
anticipated for the U.S8. will be to stay out of most of the local /tactical conflicts, of which
perhaps 1l/year are anticipated, and to have enough information to decide on which ones and

when to enter.

28



MAJOR U.S. GOALS GENERAL IMPLICATIONS
IN INTERNATIONAL RELATIONS 1980-2000 FOR MILITARY OBJECTIVES

MAINTAIN BALANCE OF POWER AMONG 1. MAINTAIN STRATEGIC NUCLEAR STALEMATE.
REG IONAL GREAT POWER CENTERS. ‘
DEVELOP "RULE OF CONCURRING
"MAJORITY."

EXPAND MUTUALLY BENEFICIAL ECONOMIC | 2. ONLY INCIDENTAL RELATION
RELAT IONS AMONG REGIONAL GREAT , -
POWER CENTERS TO INCREASE OVERALL

PRODUCTIVITY,

AVOID GREAT POWER CONFRONTATION 3, MILITARY RESPONSES IN LOW LEVEL CONFLICT
IN MINOR CONFLICTS. TO BE NON-ESCALATORY.

GENERALLY AVOID DIRECT U.S. MILITARY | 4. ATTAIN "TACTICAL" DETERRENCE IN LOW LEVEL
INVOLVEMENT IN LOCAL CONFLICTS. . CONFLICT BY CAPABILITY OF ELITE TACTICAL
HOWEVER, UPHOLD U.S. INFLUENCE AND FORCE IN BEING, WITH PROPER SUPPORT
LEADERSHIP BY THE CREDIBILITY OF FROM INFORMATION GATHERING SYSTEMS.

INTERVENTION WHEN REQUIRED.

29
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The projected U.S. military objectives in the time period are listed on the facing

page. The detail development of the goals is found in Appendix A.

30




PROJECTED U.S. MILITARY OBJECTIVES 1980 - 2000

A. STRATEGIC

L

d e
e

L0 NS e W

DETERRENCE BY ASSURED
DESTRUCTION

STRATEGIC ARMS CONTROL
CRED IBLE DETERRENCE OF P.R.C.
NON-PREJUDICIAL AVOIDANCE

Nt COUNTRY STRATEGIC WEAPONS
ANT1-BLACKMAIL

FLEX IBLE NUCLEAR RESPONSES
SMALL ATTACK DAMAGE AVOIDANCE
STABILIZING ABM

READINESS

DUAL ROLE

B. GENERAL PURPOSE

12,
13,
14.
15,
16,
17,
18,

NON-ESCALATORY CRISES RESPONSE
ANTI-PARAMILITARY OPERATIONS
SECURE BORDERS

'NO HOSTILE BASES IN HEMISPHERE

TACTICAL DETERRENCE
NON-PREJUDICIAL AVOIDANCE
TACTICAL WAR CAPABILITY

31



Pages 32 through 37 present a2 summary of the space functions in
support of the military objectives for the time period of interest. They
are omitted for security classification reasons.
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With the above brief treatment of the functional requirements for space as background,
this section treats the projections of technology which will shape the limits of what we could do
in space in the next 25 years. There is generally not an intended relationship between what

we could do and what we should do, which is represented by the functional requirements treated
in the last section, although by the very nature of the exercise and since it was performed by

the same people, there is a correspondence. That correspondence will be addressed later
Many of the technology projections that will be discussed are based on knowledge

in the report,
of the status of military and civilian technology today and understanding of the laws of physics,
such as trend extrapolation, normative

rather than on any particular technique for forecasting

techniques, or similar techniques. They represent an almost intuitive approach to what will

probably be able to be done given today's technology, research directions, and the intent to
There are no budget limitations imposed on any of the technology areas which

move forward.
made that if an interesting and high payoff area is

will be discussed, and the assumption is
identified, it will be pushed at whatever rate it can meaningfully advance, independently of any

other factors.
It is for the above reasons that some of the projections of techniques may appear
"wild'" to those struggling to apply today's technology to satellites which must operate reliably

and predictably. Nonetheless, as will be seen in this section as well as in the initiatives,
such "far out' technologies can result in some initiatives of impressive performance.

38
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ADVANCED TECHNOLOGY PROJECTIONS

39
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The previous areas of high leverage of technology are related on the facing page to
the general capabilities implicit in their application. Large mirrors and large antennas,
assembled or fabricated in space and functionally initialized by men, will make possible the
detection of very tiny signals from very far away by means of large apertures. The tight
beam collimation possible, together with high energies and lasers will make possible the
delivery of energy far away at the speed of light, for a host of commercial energy delivery
applications as well as speed-of light tight-beam weaponry. All such applications take pre-
cision pointing and tracking, and some of that may well require a manned operator in the loop,
whether he is resident in space or on the ground.

Remote sensing of small signals far away has application to reading out battlefigld
sensors or border intrusion sensors, and for detecting the presence of missiles, satellites,
aircraft, and ships. Much of the data is buried in background or noise the extraction of which,
together with the simultaneous processing of many channels, will require the LSI processors;
and the sensors will require mosaic charge-coupled devices for high area search rate. New
detector techniques in the 100 to 1000 or 10, 000 micrometer quasi-optical region could make
these capabilities all-weather. ¥urthermore, the ability to employ low energy lasers aboard
satellites as local oscillators can make optical heterodyne techniques a reality, resulting in
very narrow spectral acceptance bands and rejection of background.

Many of the sensory techniques, particularly so for those of long-wave length, require
cooling to cryogenic temperatures to reduce internal noise, mandating long life, closed-cycle
refrigerators. '

The efficient generation and delivery of energy will require development of lightweight,
efficient solar cells. The placing in orbit and maneuvering of all of the systems so configured
will require new propulsion techniques which have a higher ISP; and some military needs for
survival under attack will need higher thrust simultaneously. These capabilities will be greatly
expanded in the several figures to come, which present projections of current-day technology
in some of these high-leverage areas.

40




HIGH LEVERAGE NEW TECHNOLOGY IMPLICATIONS

DES {RED CAPABILITIES ~ REQUIRED TECHNOLOGY

COMMUNICATIONS /NAVIGATION _
- Detection of Small Transmitters Far Away e large Optics and Mirrors .

Small, Cheap, Long-Life User Equipment ‘o

Large Scale Multiple Access/Anti-jam o Large RF/Microwave Antennas

Remote, Inexpensive Position/Velocity Indication| e Manned Fabrication and Assembly

Undersea - Space Communications : :
S urvivability of Function ¢ Is_:;rsgt%ml:;conomlcai Transportation

S URVEILLANCE : AT
~ Passive Detection of Equipment, Men, Action e High Power/Energy; Efficient, Lightweight

Active/Bistatic Detection of Equipment, Men, e Lasers: Radar; High Energy/Power
Action . " .
Operations in Day/Night/All Weather o Precision Pointing and facking
High Volumetric Search Rate at High Resolution P q
UndersealSea/Space/Air Detection o LS} Computers/Processors

Multi-Spectral Operations # Mosaic/CCD Focai Planes

1

H

1

WEAPONS/S UPPORT
- Tight Beam, Speed-of-Light Weapons ¢ Ne_"vl%?:e_ci%%”m_ Heterodyne
- Electronic Beam Steering '
~ Energy Delivery e Cryogenic Refrigerators
- Environmeqt Mogiificatign o New Propulsion
- Remote Designation/Guidance = lon; Fusion, Solid Hydrogen;
Rock Linac

41
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In thinking about future space applications, we consider some areas of technology which are ripe for éxplo:ta.tion and which
could have high leverage 1n moving space programs in new directions, Eight such technology areas are shown on the facing page.

Space is the natural environment for very large structures and for complexes which need much space between elements,
The extensive space is there for the asking. But, in addition the zero-g environment permits the use of weak structural elements
and flimsy surfaces so that but hitle mass of materals {s required even 1n very extensive_structures, We see the possibility of
antennas or reflectors which are made of thin film material only a few mulligrams per cm?, in sizes of several kilometers. If
even greater extension than a few lilometers is required, as in long base interferometers, the elements can be widely separated
and held in good relative position not by rigid material connections, but by an information web contrelling positioning devices., In

general in our projected applications, we have included many which just could not be accomplished without very large structures
Or ArTrays.

Past space applications have been restricted to relatively low energy use, because of the difficulty of putting massive energy
supplies in space, But energy generated on the ground in very large amounts can be transported through space by laser or micro-
wave beams. Furthermore solar energy itself 1s abundantly available in space, palﬁtlcularly if we use very large area collectors.
Power management methods will also develop so that very high pulsed powers ~10'% - 1014, watts can be handled at mode rate average

power levels, We conclude that high energy usage or high peak power requirements will not in the future rule out as mmpractical
particular space applications,

Lasers in all forms will be developed for terrestrial science and technology applications - a lighly developed technology
in the laser field will then be ready for space applications, including lasers and masers of all {requencies from the ultra-violet
to the microwave, high beam quality, very narrow frequency spread, and variable but accurate frequency control,

Data processing is now a pacing problem 1n some spate concepts. But advances in solid-state electronics, with application
to computer technology, and the development of analog or digital parallel processoxs will continue at a rapid pace as driven by
terrestrial requirements - these advances will solve many of the problems of data processing in space applications.

The next area is that of the so-called gap between the microwave and the mfrared, somewhere between 10 and 10, 000 pm.
This is a spectral region whick is largely unexploited, and yet has inherent capabilities to penetrate some clouds, fog, and haze.

In combination with lasers at these wavelengths, the posgibilities for all-weather "optical' systems with smaller radiating structures
than those of radar can become a reality.

The next technology area is that of controlled nuclear explosions not only for power generation by fusion, but in application
to propulsion of space vehicles, both by large-scale explosions and by small-scale laser initiated fusion explosions. Such techniques
can probably offer high-energy densities per unit mass and per unit cost investment for energy and propulsion apphications. In the

last category is an area which is largely unexplored at the moment, which deals with pehnomena which depend upon the cooperative
action of many particles; for instance, plasma interactions, accelerator applications.

report, The last three, even though they probably have as much potential for application 1n space, are as yet unexploited in our

The first five of these technology leverage areas are explored and applied in the mitiatives which are presented in this a E
imtiatives. Follow-on exercises of this type should make more of an atternpt to explore those phenomena, % é

-
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LEVERAGE AREAS

VERY LARGE STRUCTURES

VERY HIGH ENERGY/POWER

LASERS

MICROELECTRONICS/ COMPUTERS
ANALOG PARALLEL PROCESSORS
NFRARED-MICROWAVE GAP
CONTROLLED NUCLEAR EXPLOS IONS

COOPERATIVE MODE PHENOMENA
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The first area of technology which is projected 15 that of large RF or microwave communication antennas, The numbers
on the figure indicate the gam at S-band or C-band or X-band, the number of simultaneocus bearns that have been attained from a
single reflector, the number of channels 1n a typical commuméations satellite, the cutput power per channel, the total output
power, the number of accesses or number of voice equivalent communication links capacity, and the figure of merit of a receiver
in space with that size antenna and an appropriate front end.
1

The current state-of-the-art ia 30 feet. This capability can readily be inecreased 1n the next few years to single-dish
reflectors of the order of 100-foot diameter. To go much beyond that involves encrmous penalties 1n structure to hold the figure
of the reflector. In the far term, nstead oi making one very large dish, a technique has been conceived in which a number of
small sub-arrays oxr sub-elements, (either dishes, individual dipoles, or collections of dipoles) are coarsely stationkept with
respect to each other and a central stationkept sensing and control unit, A small laser radar with very short pulses aboard the
control umt would measure the range to each element to ah accuracy of a small fraction of the RF wavelength being used, and then
would command the phase of the feed in each sub-array to cause in-phase reception or in-phase generation of ¢cnergy by the elements
of the array, This way a controlled phase front can be generated regardless of the actual physical figure of the sub-arrays without
requiring tight physical tolerances with their attendant heavy structure. The spacing of the elements can be non-uniform to aveoid

grating lobes, and the arxay can be either quasi-filled or thinned. With this technique, extremely large size, gain, directivity,
and figure of merit can be attained.

The second technique which is shown is that of multibeam lens antennas, which are well adapted for generating a number
of beams simultaneously, each with the same gain as given by the main aperture. One mechanization is that of multiple feeds
each illuminating a bootlace lens or dielectric lens antenna. The state~of~the-art capability for the next five or ten years is
antennas of the order of 15-foot diameter in space. Designs exist for five~foot antennas with 100 bearns. This technology can be
extrapolated to sizes in the order of 1000-foot diameter, even though the lenses become extremely heavy., In such sizes, the feed
horn arrays could be stationkept rather than physically trussed to save weight.

A third application of space RF structures is that of passive refleciors, mechamzed by a trussed mesh or by a stretched
thin film membrane with aluminized conductors or surface coatings. Reflectors or diffractors are feasible, forming either simple
mirrors or gratings whose direction of beamn transmission or reflection depend on the fregquency. Then beam scanning can ke
accomplished by frequency modulation. Diameters of one mile will be attainable with such techniques,

Lastly, phased arrays can be built with thelr receiving or transmitting elements distributed throughout the extent of &
single large structure (or for that matter, smaller structures}, forming agile beams or generating large amounts of power, The
figure of merit of these structures in a receiver mode can be very much greater than that obtainable today, and the energy trans-
mission capability can be huge because of the large sizes which can be assembled in space.

[}
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Large RF/Microwave/Communication Antennas

CURRENT

NEAR TERM

FAR TERM

DISH REFLECTORS

® 50 dB GAIN (c]
® 20 BEAMS

® 24 CHANNELS
® 20 W/CHANNEL
® 500W TOTAL
o 10% ACCESSES
® 154dB/°K

30 #t

100 #t

® 54 dB GAIN (x)
® 50 BEAMS

® 50 CHANNELS
© 200 W/CHANNEL
¢ 10 kW TOTAL

® 5 x 10% ACCESSES|
® 37 dB/°K

e ——— ST S e ey eg—
STATION KEPT SUBARRAYS - SELF-ADAPTIVE

1 :n%,

LASER

STATION-KEP
SENSING AND
CONTROL UNIT

e PHASE CONTRCLLED BY
MASTER STATION FOR
CONSTRUCTIVE
INTERFERENCE AT
DETECTOR

® COARSELY STATION
KEPT

¢ ARBITRARILY LARGE
SIZE, GAIN, POWER,
G/T

MULTIBEAM LENS

® 50 4B GAIN (x)
® 100 BEAMS

® 100 CHANNELS
® 200 W/CHANNEL
® 20 kW TOTAL

® 10° ACCESSES
® 22 dB/°K

STATION KEPT FEED ARRAY

® 88 dB GAIN (x)

© 1000 + BEAMS

® 1000 + CHANNELS
® 1 KW/CHANNEL

® 1 MW TOTAL

e >10% ACCESSES

e 70 dB/°K

PASSIVE REFLECTORS

ALUMINIZED MESH

¢ PASSIVE REFLECTOR
OR
PASSIVE DIFFRACTOR
o 30 x 105 #2 AREA

o >10'° WATTS POWER
RELAY CAPACITY

PHASED ARRAYS

DISTRIBUTED ELEMENTS

l 0.5-3 nmi

o DISTRIBUTED QUTPUT TUBES
* DISTRIBUTED DIPOLES
¢+ DISTRIBUTED RECEIVERS

® 90110 dB GAIN {x)
o AGILE BEAMS
e 10,000 MW TOTAL

o 83 dB/°K
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The figure on the facing page presents technology projections for optical components. In the current state of the art,
two or three feet in diameter is the maximum for diffraction-limited optics. In the near term, that s, in the next five or ten
years, technology can very readily support 10 ox 12-ft diameters in single-structure passive mmrrors, and probably three to
five feet in mirrors with active figure control. The active figure control, implied by the arrows 1n the figure, 15 accomplished
by applying pressure to the back plate of the mirror either by piezo electric or hydraulic actuators controlled in an adaptive
manner by sensing the performance of the optics. Technology development for space mirrors in the next 25 years may permit
diameters in the order of 30 to 100 feet with active figure control. One hundred feet diameter murrors, diffraction limited

at 0. 5 um have a resolution of 10-° radians, corresponding to a resolution of five feet on the ground from synchronous altitude--
an enormous capability increase over the 250-foot resolution we can do today.

Since the above mirrors will undoubtedly be heavy, a second technology has been forecast, represented by thin-film
mirrors or collectors. In the second row we see that by stretching a thin alurmmzed mylar film over a frame, a very hght-
weight mirror of large size could be made. Single films give plane mirrors. Two films attached at the outer edges with gas
between them will take on a spherical figure resulting in a focusing mirror, if one film is clear and the other one is aluminized.
Designs for flat mylar mirrors have existed for a number of years, but none have yet been built in space, It 15 quite clear from
the inhomogeneity of the filmn manufacture that, 1n sizes 1n the order of 300 to 1000 feet, diffraction-limited performance will

not be attained. On the other hand, for applications where quality is less irnportant than aperture, these mirrors have the
potential for extremely lightweight per unit collecting area.

In the last row of the last column we present a far term possiblity to extend the capability from that of single mirrors,
whether solid or film type, to that of an array of as large a diffraction-limited aperture as desired, without requiring that
tolerances of a fraction of the wavelength be held over the dimensions of the array. The techmque 1s not to control the wave-
front from the mirror physically, but to control it electronically. Each of the units in the array 15 an independent satellate,
coarsely stationkept. A small control sub«satellite will measure,with a small laser, the range, position, and attitude of each
of the sub-satellites. Each satellite mirror will be coated with a material whose index of refraction can be controlled in some
manner, say, by the application of electric fields or flocding with laser energy, such that the phase of light reflection off that
mirror can be changed by command by the control satelhte. By sensing at the control satellite seme of the reflected energy
from each of those mirrors, one can command phase changes to give constructive interference, regardless of the physical
position of the reflectors themselves. Although such a technology needs development, there is nothing i1n physics or in the
application of control techniques that would seem to prohibit it. With such techniques thinned optical arrays at least 1000 feet
in diameter should be obtainable, with the further linmts simply not known. A 1000-foot thinned array would have a resoclution

of 0.5 ft on the ground from synchronous altitude. Applications of such technology are clearly suggested by the above per-
formance numbers.
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Large Optics/Mirrors

CURRENT

NEAR TERM

FAR TERM

SINGLE_STRUCTURE,
THICK

21

PASSIVE

¢ DIFFRACTION LIMITED:
0. 5p2m

® RESOLUTION = 2 x 1076 ¢

® 240 ft SPOT FROM SYNCH

® 31t° AREA

101

PASSIVE

® DIFFRACTION LIMITED:
0.2 pm

® RESOLUTION = 2 x 1077 r

® 50 ft 5POT FROM SYNCH
® 90 #2 AREA

ACTIVE FIGURE
CONTROL

HIGH TEMPERATURE
MIRROR

ACTIVE FIGURE CONTROL .

JRADAEAEZIRTFACA AU NDUNNIEINAREETIND]

100 ft

30 ft

© DIFFRACTION LIMITED: * DIFFRACTION LIMITED:
,5¢m

® RESOLUTION = 6 x 10~8 r

® 15 1t SPOT FROM SYNCH

® 700 #2 AREA

. RESOLUTION =2x108r
e 5 ft SPOT FROM SYNCH
» 2000 #t7 AREA

THIN FILM

TENSIONED THIN FILM
FLAT MYLAR, ALUMINIZED

o Q

ALUMINIZED MYLAR

CLEAR MYLAR PRESSURIZED
i 300 - | 300 ft }
® 1000 X DIFFRACTION LIMIT .
® RESOLUTION = 1,3 x 10°
® 1600 ft SPOT FROM SYNCH

. ® 70,000 2 AREA *

MULTIPLE STRUCTURE
SELF.ADAPTIVE

STATION KEPT SUBSATELLITES,
SELF-OPTIMIZING

! > 1000 ft

I
PHASE CONTROL LAYER

® THINNED ARRAY FEED 20,51 SPOT FROM SYNCH

. %lFFRACTION LIMITED: * BOO, 000 #2 AREA +

5pm
o RESOLUTION =2 x 109 CONTROL SATELLITE ({STATION-KEPT)
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The facing figure illustrates in a little more detail the self-adaptive array technique
for configuring large arrays without requiring physical precision in thé alignment of the elements
In the microwave region the technique for controlling the phase of the transmissions or recep-
tions is well understood. It is. done under the control of the madster station, which measures
the relative position of the elements to a fraction of the RF wavelength, and commands phase
shifters in each element., In the optical region, there are no techniques yvet to measure the
position to a fraction of an optical wavelength, however the phase contrel could be accomplished
by commanding the refractive index of special coatings ovér the mirrors (by electric field
excitation for instance), which will change the phase of reflection in such a way and with adaptive
control so as to result in constructive interference addition at the stationkept central location.
Additionally, the laser radar can measure the attitude of each unit very precisely, and serve as

a remote attitude reference unit, using the laser itself as a command link to command attitude
control of each unit, translational position of each unit, or both.

It is the above techniques which will be applied in many of the initiatives for forming
extremely large arrays and mirrors in space.
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Self-Adaptive Array Techniques

OPTICAL

TRANSLATION AND
CORNER REFLECTORS ATTITUDE CONTROL
LASER COMMAND R'ECEWER/
3 IRREGULAR o SR

) SPACING N
e .\

Lr. . Ny o J
N < e N '
1 % =i =

/ EACH MIRROR
IS COARSELY

EACH MIRROR IS
STATIONKEPT

INDIVIDUALLY
COMMANDED, \
COARSELY //
STATIONKEPT, N
AND PRECISELY

PULSED
ORIENTED LASER RADAR
LASER BEAM -
IS PULSE e
MODULATED COMPUTER
TO CARRY COMMAND
COMMAND DATA GENERATOR

M1CROWAVE
PHASE CONTROL ELECTRONICS
TRANSLATION CONTROL JETS CORNER
REFLECTORS
CONTROL MOMENT
GYROS FOR ACS LASER COMMAND

IRREGUL AR

DIPOLES SPACING

LASER BEAM
1S PULSE

MOD \ /
X7 SCENEARER
co
MMAND DATA l TO 0.1 RF WAVELENGTH
e P
SER AR
\——COMPUTER,
COMMAND
GENERATOR

49



B-117

The current state~of-the-art of focal plane components consists of solid-state point
detectors sensitive to the wavelength region between the ultraviolet and 50 pm. They are
cryogenically cooled if required by expendable cryogen supplies for a very limited lifetime.
Multipliers and image tubes with high sensitivity exist in the visible and near IR. Incoming
wavelengths can be spectrally filtered to about one percent of the base wavelength. With the
addition of the high leverage technology advances shown, sensors will evolve which have
solid-state imaging mosaics of a large number of detector elements with charge coupling,
sensitive in any spectral range, with very narrow spectral acceptance regions for rejection
of backgrounds, with charge coupled analog processors incorporated into the focal planes,
and all cooled with long-life refrigerators. The very narrow spectral widths will be ideal
for sensing laser illumination. These advances will make possible greatly improved sensi-
tivity and coverage rate in sensing systems, and are applied in many of the initiatives in this

report.
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CURRENT

\\

SOLID STATE, POINT DETECTORS

0.4 - 20 um
CRYOGENIC DEWARS

INTERFERENCE FILTERS
AX
( A 0.01)

J

Focal Planes/Detectors

(i N\

LASER | A

‘e HETERODYNE DETECTION

e 100 - 1000 um TECHNOLOGY

ADVANCED SENSORS

_CHARGE-COUPLED-DEVICE [CCD)
MOSAIC DETECTORS; ANALOG
PROCESSORS

o 10 - 108 ELEMENTS
0.4 - 1000 um RANGE

SPECTRAL WIDTH
Ar - 146
(& =107)

IMAGING
ALL SOLID STATE
QUANTUM LIMITED

CRYQGENIC REFRIGERATORS
<15"K CONTINUOUS
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The facing figure addresses techniques for the precise translation and orientation
of some of the large arrays forecast in the previous pages. To avoid extremely heavy
structures, flimsy construction very much akin to a piece of paper can be devised and assem-
bled in orbit, but conventional. attitude control with a few thrusters on the periphery of the
structure such as in common practice today will not be adequate. Distributed thrusters
operating in concert will be required. Tiny resistojets or ion thrusters, and lots of electrical
energy to operate them, will be needed. Such technology, together with the attitude reference
and sensing techniques inherent in the focal planes mentioned previously, will result in a capa-
bility to precisely point and translate even very large and flimsy structures or sub-elements
of very large arrays.

The next several pages project a forecast of typical applications of the advanced
technology; and the rest of the report following the forecast will be devoted to a treatment
of specific initiatives in the military and civilian area.
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@ HOT GAS

HOT, COLD
GAS |

>

) SR

& STERS
GYROS THRUST

INERTIA
0/ WHEELS ADD
/

REFERENCES

STAR SENSORS

" PRECISION
POINT
TRACKERS

—=

JON THRUSTERS

"2‘:::::,
=>*"VERY LARGE,
IMPROVED,

LIGHTWEIGHT
SOLAR CELLS

REACTOR
POWER

Precise Orientation Control

DISTRIBUTED
THRUSTERS

PRECISELY ORIENTED
AND TRANSLATED

VERY LARGE, VERY

FLIMSY STRUCTURES

~
~

N

PRECISION POINTING
OF OPTICS
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Pages 54 through 59 present forecasts of possi

three key technological areas of: (1)

optical observation; (2)

ble advances in the

RF/microwave/

communications; and (3) weapons and support. They are omitted for security

classification reasons.
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The previous applications and forecasts were based on ambitious growth in the high

leverage technology areas identified. Even if such advances in technology do not occur in
this tirne period, there will be advanced satellite systems based on more conservative extrapo-~
lation of today's technology, which will take place as product improvements, block changes,

or growth versions of today's satellites; as well as new space systems currently in the

-

programming stage. It is these advances which are treated in the next several pages.

In the civilian communications area, the current Intelsat IV will be replaced by

the Intelsat IVA, which will have the advantages of some frequency reuse and higher circuit
capability, as well as domestic Comsats and TV broadcast satellites. In the surveillance
area, the earth resources satellites will be improved for more resolution, more spectral
channels; and more restricted systems will be placed in geosynchronous orbit. Sea state
will be measured directly, as will low-altitude winds and other phenomena.
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NEAR-TERM GROWTH OF CURRENT PROGRAMS

CIVILIAN

FUNCTION

TYP ICAL CURRENT

NEAR-TERM GROWTH

1. Communications
¢ Trunking

e Small User

INTELSAT 1V, ANIK

- operational
- 107 circuits

ATS-F

- experimental
- van terminals

INTELSAT IV A

- multiple beams
- frequency reuse
- more capacity
- FDMA/TDMA

MARISAT, AEROSAT

- VHF/UHF
- maritime, aircraft service

- TDMA
¢ Data Relay -- TDRS
- experimental systems
2. Surveillance ‘
o land LAND SAT (ERTS) - improved resolution
- multispectral imaging | _ 1000 RO C RS veadou
e Ocean - SEASAT

- ocean physics, sea conditions
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In the meteorological area, there will be more operational flights, as well as
continuing improvement for finer resolution, more frequent coverage, and more spectral
coverage for finer diagnostics of the weather systems. There will be a military navigation
satellite (the Global Positioning System) developed which will replace the transit system as
the primary military navigation system for global use for mobile users, and it will also
accommodate civilian users. The current’'experiments in navigation on the ATS-¥ may
result in further tests and experiments. There will be several planned payload improve-
ments over the current geodetic, geographic, and earth physics satellite systems.
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NEAR-TERM GROWTH OF CURRENT PROGRAMS

CIVILIAN
FUNCTION TYP ICAL CURRENT NEAR-TERM GROWTH
3. Meteorology NOAA, NIMBUS, SMS - multispectrai
- microwave radiomeiry
- improved sensitivity
- lower cost
4. Navigation none Miiitary will provide.
5. Earth Physics ANNA, GEOS, PAGEQS, SECOR | - SEASAT (sea conditions)-

LAGEOS {laser geodetic sab)

GRAV SAT (gravity gradi-
ometer)

MAGNETIC MONITOR
(mag field)
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Pages 64 through 69 present near-term growth projections for the h\
roilitary program categories of: (1) communications; (2) surveillance;
(3) meteorology; (4) navigation; (5) earth physics; {6) space combat; \D
(7) space-space weapons; (8) space-ground weapons., They are omitted
for security classification reasons.
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The following section presents the catalog of initiatives assembled to date. By initiative
is meant an opportunity for a system concept that is' designed to have a particular utility or per-
form a particular function, but does not exist today. The catalog of initiatives was generated
utilizing only basic physical principles and the time frame of interest as limiting constraints.
Each initiative is treated as though there are no budgetary limitations, no policy limitations,
no current military or civilian doctrine limitations, and no resource limitations, and as though
it were accepted as a desirable and important project. All initiatives are independent of each
other.
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INITIATIVES
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The initiatives in the catalog are organized by gross function, including Observation,

Communications, Support, and Weaponry, and by whether they are civilian or military. The
organization of the initiatives is shown on the facing page in a functional sense.
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ORGANIZATION OF INITIATIVES

OBSERVATION COMMUNICATIONS SUPPORT WEAPONS
Resources/Surveys EmergencylPoIice Energy Delivery
Pollution/Mapping Government Servicesi Environment Control
= Energy Monitors Personal Services | Traffic Control
= | International . .
> Sensors [ nternational Markers/Aids
> _—
Traffic Sensors Navigation
Strategic Sensing Guidance/Navigation | Offense
- Missiles Strategic , ~ Strategic
- Aircraft | Tactical E:V;s';?::]ent Control - Tactical
. Tactical Se.nsing Navigation g o Defense .
o - Battlefields Energy Delivery - Strategic
é _ Other - Tactical
=
=
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Pages 74 through 79 present listirigs of three initiative cate-
gories: (1) optical observation; (2) RF/microwave/communications;
and (3) major weapons and support, separated into near-term and
far-term opportunities, They are omitted for security classification

reasons,
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A simple coding scheme is used for identifying the initiatives. The first letter "M"
or "Ch designates whether it is military or civilian. The secondletter, "O', 'C', 'S, or "W

designates whether it is Observation, Communication, Support, or Weaponry A number then
represents the number of the initiative within each subcategory.

The next four pages list the index of the initiatives, in the order of the appearance of
the1r data sheets in this report.

A number of initiative concepts have been identified functlonally, but not yet quanti-
tatwely defined.

in the initiative data sheets which follow.

They are included in the index and identified by an asterisk, but are not iricluded
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INDEX TO INITIATIVES

CIVILIAN - OBSERVATION

CO-1
CO-2
CO-3*
CcOo-4*
CO-5
CO-6
CO-7
CO-8
CO-9
CO-10
C0-11

Advanced Resources/Pollution Observatory
Forest Fire Detection

Fish School Detection

Personal Locator

Deleted

U.N. Truce Observation Satellite

Nuclear Fuel Location System

Border Surveitlance System

Coastal Passive Radar

Astronomical Telescope

Atmospheric Temperature Profile Sounder

CIVILIAN - COMMUNICATIONS

CC-1
CC-2
CC-3
CC-4
CC-5
CC-6*
CC-7
CC-8
CC-9

Global Search + Rescue Locator
Urban/Police Wrist Radio

Disaster Control Satellite

Electronic Mail Transmission
Transportation Services Satellites
Advanced TV|Broadcast

Voting/Polling System

National Information Services System
Personal Communications

* - To be supplied
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PAGE

101
103

105
107
109
111
113
115
117
119
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INDEX TO INITIATIVES (CONTINUED)

Page
CC-10 Diplomatic/U. N. Hot Lines 121
CC-11* Remote 3D Conferencing ——-

CIVILIAN - SUPPORT
CS-1 Nuclear Energy Plant in Space 123
CS-2 Energy Generation Plant 125
CS-3 Energy Generation - Solar/Microwave 127
CS-4 Nuclear Waste Disposal 129
CS-5 Aircraft Beam Powering 131
CS-6 City Night Hluminator 133
CS-7* Searchlight From Space ---
CS-8 Deleted -
CS-9* Energy Consumption Monitoring ---
CS-10 Vehicular Speed Control 135
CS-11 Space Debris Sweeper 137
CS-12 Ozone Layer Replenishment/Protection 139
CS-13 Inexpensive Navigation System 141
MILITARY - OBSERVATION

MO-1 ' 143
MO-2* -—-
MO-3 (Deleted for security classification reasons) 145
MQO-4 147
MO-5* ---

* - To be supnlied @
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INDEX TO INITIATIVES (CONTINUED)

MO-6 _Pl%%g‘

MO-7 151
MO-8 153
MO-9 155
MQO-10 ' 157
MO-11 159
MO-12* --=
MO-13 161
MO-14 163
MO-15 (Deleted for security classification reasons) 165
MO-16 ' 167
MO-17 169
MO-18 171
MO-19* -
MO-20 173
MO-21 175
MO-22 177
MO-23 179
MO-24 181

MILITARY - COMMUN ICATIONS
MC-1 183

(Deleted for security classification reasons)

MC-2 185
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INDEX TO INITIATIVES (CONTINUED)

MC-3
MC-4
MC-5
MC-6
MC-7
MC-8*
MC-9*
MC-10
MC-11
MC-12
MC-13
MC-14
MC-15

MILITARY - WEAPONRY

(Deleted for security classification reasons)

MW-1
MW-2
MW -3+
Mw-4
Mw-5*
MW-6
MW-7
MW-8
MW-9+%

(Deleted for security classification reasons)
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Page
187

189
191
193
195
197
. 199
201
203

205
207

209
211
213
215
217
219
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INDEX TO INITIATIVES (CONTINUED)

Page
MW-10* -
MW-11* (Deleted for security classification reasons) -
Mw-12* ~--
MILITARY - SUPPORT
MS-1 221
MS-2 223
MS-3 225
MS-4* ---
MS-5* ~—-
MS-6* -
MS-T7* {Deleted for security classification reasons) —_
MS-8 221
MS-9 229
MS-10 31
MS-11 233
MS-12 235
MS-13*
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The facing page is a sample format used in presenting the data on the initiatives
in the catalog, Each initiative is described on one such format sheet. Each initiative has
had sufficient preliminary analysis to grossly define the system concept, to estimate the
satellite gross weights and sizes; and to define the major performance parameters of key
space and ground elements. A pictorial is presented of the function to be performed.

A brief statement is made of the purpose of the initiative and of the reasons why
such an initiative might be useful. The concept is very briefly described. The character-
istics of the satellite are summarized in terms of gross weight, size, and raw power on orbit,
The orbit characteristics are given. The number of satellites required to form an active
constellation of the calculated performance are given. The design or useful life on orbit and
the servicing period required are also estimated. The time frame during which the earliest
conception of each initiative could materialize is estimated. The cost to the first operational
capability including R&D, investment in the first operational units, and the required booster
costs are estimated. The performance is described in terms of those numbers most relevant

to the utility.

For each initiative concept, the building block requirements (such as Shuttle or
Large Launch Vehicle, upper stage or Tug or SEPS or other orbital vehicle) are stated
and any special requirements on the subsystems or technology are identified. If there are
no special requirements above and beyond today's technology, those sections are left blank.




¢ PURPOSE

e RATIONALE

o CONCEPT DESCRIPTION

® CHARACTERISTICS

WEIGHT

SIZE

RAW POWER

ORBIT

CONSTELLATION SIZE
LIFE/SERVICING PERIOD
TIME FRAME

1I0C COST

® PERFORMANCE

@ BUILDING BLOCK REQUIREMENTS

TRANSPORTATION
ON-ORBIT OPERATIONS
SUBSYSTEMS
TECHNOLOGY

OTHER
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CO-1. - Advancéd Resources/Pollution Observatory

The intent of this initiative is to provide an incteased capability over that
currently obtained from the Land-Sat earth resources satellité series. By combining side-
looking rada?, a large aperture telescope with visible light and infrared multispectral
coverage, and a dafa relay readout, both fine and coarse resolution varying from 10 -100 feet
could be made available in all weather, in real time glebally. Laser or EHF links would
be used for real=-titné data distribufion to worldwide users. Even though the satellite is
heavy, this is a near=teizn initiative opporfunity, and is qualitatively anticipated by one
of mote components of the 1973 NASA mission model. This initiative could combine many
6ther funétions, such as sea-state surveillance, of astronomical observations on a time-
shared basis.
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ADVANCED RESOURCES/POLLUTION OBSERVATORY (CO-1) (U)
e PURPOSE

To provide high quality, multispectral earth resources

and pollution data. SIDE-LOOKING RADAR
——

® RATIONALE . . o
Integrated ERTS-1ike system, real-time data distribution

to world-wide users, active sensors needed.

! & t TELESCOPE,
I MULTI SPECTRAL ~

@ CONCEPT DESCRIPTION
Active and passive sensors, large aperture, high, medium,
and low resolution imaging obtained in multispectral
region and radar, Data disseminated by laser link through

relay satellite. N
e CHARACTERISTICS , N s s
e WEIGHT 30,000 b \ N
e SIZE 10'x 60 ft \ p
L SQEI‘IPOWER 12 kW y N 100 omi SWATH
¢ 500 mi sun synch. OPTICAL
e CONSTELLATION SIZE ) y RESOLUTION \ \
&»
[ ]
®

LIFE/SERVICING PERIOD 1013 Years TR )/% 3\ 0 g swATH
TIME FRAME 1985 OPTICAL \
Ioc COST 710 M \ RESOLUTION = 100 ft
e PERFORMANCE .
Resolutions varying from 10 - 100 ft obtained
world-wide, RESOLUTION = 50 ft \
- \

\  COVERAGE EVERY 6 HOURS \

e BUILDING BLOCK REQUIREMENTS \ \
e TRANSPORTATION Shuttle _
¢ ON-ORBIT OPERATIONS  Shuttle attached manipulator
o SUBSYSTEMS Guidance and navigation; attitude control; transmitter
o TECHNOLOGY Large radar antenna; high power tubes and modulator; LS| data processor

* OTHER None




e

CO-2 - Forest Fire Detection, (U)

The intent of this initiative is -to detect forest fires by their infrared emission while |

they are still small enough to be checked without major loss of resources, property, or life.

Advanced infrared mosaic detectors, coupled with 120-inch optical receiver, can result in a

sensitivity to detect fires as smiall as 10 feet x 10 feet buring area, and to pinpoint their
location within 300 feet anywhere in the U.S. once every 2-1/2 minutes. In addition to
pinpointing fires at a very early stage, survéillance can be maintained automatically over
large fires so that hot spots, perimeters, new flare-ups, and progress of fire-fighting
efforts may be determined and controlled remo‘tely in, real time. This is a stralghtforwa,rd
extrapolation of today's techniques, requiring only developments of the large mirror, and a
CCD focal plane. A singlée satellite suffices for real time control and detection over the
entire United States.

¥
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FOREST FIRE DETECTION (CO-2)

® PURPOSE
To detect forest fires in remote regions, maintain
surveillance of hot spots.

@ RATIONALE
Forest damage can be minimized by early detection of

fires, and sarly firefighting.

® CONCEPT DESCRIPTION .
Satellite with short and long wave infrared sensors

detects fires at an early stage - transmits data to
control center,

e CHARACTERISTICS

¢ WEIGHT 25,000 Ib

® SIZE 15 x 60 ft

* RAW POWER 2 kW

¢ ORBIT Synch, Eguat,
® CONSTELLATION SIZE 1

e LIFE/SERVICING PERIOD 10/3 Years

* TIME FRAME 1990

* |OC COST 230 M

® PERFORMANCE
Detects fires as small as 10 x 10 ft. Location accuracy

<300 ft. Resolution =3C0 ft - U, S, coverage every
2 112 minutes.

— IR, CCD. MOSAIC -
PETECTORS, 120 in. OPTICS

FIRE CONTROL
CENTER

USA SCANNER
EVERY 25 mimn

105 RESOLUTION ELEMENTS
IN 20 x 20 nimy -

SCANNED OVER USA
300 ft RESOLUTION

® BUILDING BLOCK REQUIREMENTS

| data processor

¢ TRANSPORTATION Shuttle and farge tug

o ON-ORBIT OPERATIONS  Automated Servicing Unit: Assemble in Orbit
¢ SUBSYSTEMS Attitude control: sensor

o TECHNOLOGY Large optical mirror; LS

¢ OTHER None
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CO-6 - U.N. Truce Observation Satellite (U}

The intent of this initiative is to furnish to the United Nations truce teams the
ability to monitor the order-of-battle of belligerents, and disposition of forces along truce
lines, so that cormpliance with U.N. resolutions may properly be enforced by U.N. peace-
keeping forces, once they have been assigned those functions. The read-out of optical and
infrared sensors would be made direct to the local U.N. command post, whether it were
fixed or mobile. The satellite is very similar to the near-term battlefield surveillance
satellite mentioned in initiative MO-13, It is conceivable that the satellite would be funded |
by the U.N., although it is more likely that a function of a similar U.S. satellite could be
made available by the U.S. to the U.N. on a time-shared basig for peace-keeping purposes.
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u. N.‘ TRUCE OBSERVATION SATELLITE {CO-6) (U)

® PURPOSE
Aid U. N, teams to monitor truce agreements, particularly
border zones, and weapon system dispositions such as
missile launchers.

® RATIONALE o .
U.N. will have responsibility for truce monitoring, but

will be denied on-site capability in some cases. Space
systems are free from local control or interference.

® CONCEPT DESCRIPTION
Several low altitude satellites with visible Iight optics for
daytime monitoring and infrared optics for night-time

operation.
® CHARACTERISTICS
e WEIGHT 4,000 Ib
© SIZE 15 x 40 ft
¢ RAW POWER 3 kW
s ORBIT 225 nmi polar
e CONSTELLATION SIZE 1
e LIFE/SERVICING PERIOD 10/3 Years
* TIME FRAME 133%
* |OC COST

® PERFORMANCE
Ground resolution, 10 inches. (Visible) 30 ft, IR.
Location accuracy, 300 ft.

® BUILDING BLOCK REQUIREMENTS ‘

W ———

225 nrm
CIRCULAR ORBIT

COMMAND
AND READOUT

TRUCE LINE

4000 b SAT

10° FOV
VISUAL 6 {1t RES
IR 1600 ft RES

TRANSPORTATION

ON-ORBIT OPERATIONS

SUBSYSTEMS
TECHNOLOGY
OTHER

Shuttle

Shuttle attached manipulator

Sensor; processor

Large optical mirror; LS| data processor; data link

None
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CO-7 ~ Nuclear Fuel Location System (U}

The intent of this initiative is to provide a means for location and continuous
tracking of all nuclear reactor fuel elements in existience in the United States, in order to
minimize the possibility of hijacking and subsequent politlica.l terrorigm or nuclear black-
mail which is expected to become a bad problem in the next 25 years., While this initiative
will not prevent hijacking, it will make known the exact time and location of hijacking,
diversion, or fuel melt-down of each nuclear reactor fuel rod (or other nuclear materials)
in real time from space, so that forces can be dispatched to recover the material. The
current initiative represents one innovative solution to that problem, in which an RF signal
is caused to be emitted from each and every nuclear fuel element rod from manufacture
until official reprocessing. All rods would be manufactured with such a signal generator
included inside their cases, and old rods retrofitted. Reactors, domes, upper surfaces of
trucks and depots would have to be constructed in such a way as to allow the proper frequency
of RF signals to leak through into space, or appropriate transponders included. The signals
would be received by a system of satellites, and location of the rods determined by time
difference of arrival of the uniquely coded signals.

A signal generator in a fuel rod would have to be so constructed as to resist
the high temperatures and high radiation inherent in its operation, and also operate while
being transpoxrted in a truck or stored in a depot. Vacuum tube sources such as Klystrons
can probably be made to operate under these conditions, and vacuum tube code generators
of a subminiaturized variety could modulate the RF source. Energy for the Klystron could
be supplied by a high voltage miniature thermal pile operated by the heat of the reactor when
the rod is in the reactor, and by a small isotope heat source when in transit. The entire
generator could be encased together with the nuclear fuel in a case so constructed as to signal
penetration attempts by modulating the Klystron.

While none of the technical or political problems are easy there appear to be no
fundamental reasons why they could not be solved, and the ability to monitor the position and
state of health of each and every nuclear rod in the country {or for that matter in the world
with proper satellite deployment), could aid in prevention of hijacking or recovery of fuel
elements, This initiative is an example of the role which space could play toward solution
of difficult but important National problems.
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NUCLEAR FUEL LOCATION SYSTEM {CO-7) (U)

¢ PURPOSE 4 TRANSPONDER SATELLITES
To detect and locate all nuclear reactor fuel glements AT
in real time.
18 ft dia
A5 BEAMS
o RATIONALE 3000 MHz
Real-time monitoring of location of nuclear material
needed to prevent proliferation of weapons and nuclear
biackmaii.
® CONCEPT DESCRIPTION | i ) .
Fach fuel rod is constructed so it contains a microwave
generator in a tamper-resistant case. The uniquely coded 1w
signals are transponded by 4 satellites and the position g :
computed bﬁtime-difference-of—arrival on the ground.
o CHARACTERISTICS TBOA
* SIZE 18 x 10 ft DEFQ TENNA
¢« RAW POWER 300 W @ ggggt@gp}éﬁsﬁi
¢ ORBIT Synch. Eltipt./incl. —
e CONSTELLATION SIZE i P Theamoniz
e LIFE/SERVICING PERIOD 5 Vears i ISOTOPE
¢ TIME FRAME 1985
¢ |0C COST 560 M
REACTOR GENERATING T ]
e PERFORMANCE i CASE ]
Each rod identified, and located to + 100 ft every 30
seconds, whether in a reactor, in transit, or in
storage: 10, 000 rods tracked simultaneously. ML "o
® BUILDING BLOCK REQUIREMENTS !
e TRANSPORTATION . Shuttle and Tug
o ON-ORBIT OPERATIONS Automated service unit
* SUBSYSTEMS Antenna, transponder
s TECHNOLOGY Multibeam antenna - multichannel transponder
e OTHER LS| ground multichannel cross-correlator receivers; high temperature

and high radiation resistant vacuum tube transmitter and code generator;

thermopile electrical generator; tamper alarm.




CO-8 - Border Surveillance System {U)

The intent of this initiative is to monitor the signals from a number of intrusion
sensors intended to signal crossing of a particular boundary. It is an example of the appli-
cation of large space arrays for the detection of extremely weak and numerous sources on
the surface. The figure shows an example of the Mexican border, although applications are
equally valid surrounding government buildings, military bases, commercial or private
property, etc, In this application, the sensors must be small and require very little power,
in order to operate for long periods of time without requiring battery recharging or replace-
ment. A typical application is shown of seismic sensors having under-surface microphones
and a transmitted power of only one miliwatt, with a weight of one pound and a life exceeding
ten years without battery recharging., The sensors are sown by vehicle from the air in a
number of fences. Footsteps or vehicle rumblings are picked up by the sensors, transmitted,
received by the space antenna, and relayed to the ground command post. Troops or helicopterd
could be dispatched to areas where correlation of the sensor outputs indicated penetration
by people or by vehicles. In this case, an RF receiver array almost one mile long is required
to obtain the aperture required to receive the signals from one million sensors, each with only
one miliwatt power, in real time. Though the antenna is large, it need not be heavy. Sub-
units would be stationkept and the RF phasefront alignment assured by measurement and
control from a master stationkept subsatellite.
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BORDER SURVEILLANCE SYSTEM (CO-8){U)

e PURPOSE
To detect overt or covert attempts at e
crossing a border.

® RATIONALE
Flow of illegal aliens and drug traffickersisa | ____ o —oe—-

major problem. Detection is difficult along " 1000 CHANNELS.
long, unpatrolled borders, 7 a8 GAN

o CONCEPT DESCRIPTION
Very many, very small seismic sensors are
read out by a satellite with very large antenna.

Penetration causes vibrations which are picked up O s S ANNELS
and correlated at central site. - SENSORS SHARE A CHANNEL

e CHARACTERISTICS / BEEIm L 0T e
b WEIGHT 3,400 ID = < = ==
e SIZE 5000 ft x 10 ft = ° XYt
« RAW POWER 12 kW © el L TS
s ORBIT Synch. Equat. bowER 1 oW @
o CONSTELLATIONSIZE 1 - POWER 1 SN
e CIFE/SERVICING PERIOD 1073 Years Rt S
s TIME FRAME 1990 - IMESSAGE 20
® [OC COST 170 M THRESHOLD 5 "FENCES"

e PERFORMANCE
Virtually all moving objects detected. False alarms

sorted by correfation between sensors and fences.
Sensor life >10 years at 1 penetration attempt per
sensor per month.

@ BUILDING BLOCK REQUIREMENTS

e TRANSPORTATION Shuttle and tug

e ON-ORBIT OPERATIONS  Automated Servicing Unit

e SUBSYSTEMS Structure; attitude control; antenna )

e TECHNOLOGY Large passive microwave antenna - stationkeeping subsatellites; laser master measuring

* OTHER Small, light, long-[ived ﬁensor units which are very and control unit
cheap’in mass production.
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C0O-9 - Coastal Passive Radar (U)

The intent of this initiative is to make radar inexpensive and widely available
to pleasure craft and other surface vessels operating in the coastal areas, for the purposes
of radio location and collision avoidance. In order to do this, a bistatic radar technique is
envisioned using a large space array to illuminate the coastal regions with radio energy,
which is reflected from objects on the surface and received by passive receivers with
scanning antennas on the pleasure craft or other users., In this way, minimum spectrum
congestion and minimum expense would result. The mechanization of the technique is to fan
scan the coastal area with two orthogonal beams whose minimum dimensions are 1000 feet,
and which scan the coastal areas around the U.S. once per second. The time delay between
signals generated when the beams sweep over an obstacle and the time when they sweep over
the receiver itself are readily converted by a simple clock to a distance relative between
the two objects, since the beam scan speed is known. Two scan directions are used to allow
360 deg azimuth freedom for the receiver.

Relative location is accomplished by a combination of angular resolution of the
receiving array and time difference of arrival of intercepts of the scanning beams, The
receivers can be simple and inexpensive, and no transmitters or modulators are required
aboard the pleasure craft. An unlimited number of users can simultaneously utilize the
signals generated by the space illuminators. The size of the space array is given by the
location accuracy desired, which in the example is 100 feet.. This sets the scanning beam
width at no more than 1000 feet, which in turn sets the antenna size at about three miles in
synchronous equatorial orbit, This is another example of where simplicity and economy
can be gained in a very large number of users at the expense of size and complexity in a
gpacecraft,
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COASTAL PASSIVE RADAR (CO-9)tL}

e PURPOSE
I nexpensive and lightweight radar for
all surface vessels - navigation; collision
avoidance

® RATIONALE
Conventional radar too heavy, expensive, and
interferrence prone. Pleasure craft usually

denied radar benefits,
¢ CONCEPT DESCRIPTION
Use space iliuminator of seacoasts with scanning

microwave beams, Scanning receiving antennas
on boats obtain range and angle data.

© CHARACTERISTICS

e WEIGHT 110, 000 Ip

e 5IZE 10 nmi crossed antenna
¢ RAW POWER 2 MN.

° ORBIT Synch, Equat.

e CONSTELLATION SIZE 3

e |.IFE/SERVICING PERIOD 10/3 Years

* TIME FRAME 1995

e [OC COST 1.1B

e PERFORMANCE 9
Relative location of all objects > 100 m™ to o
within 100 ft in range and 300 ft in angle in 50
sector. 3x 0.5 ft antenna in vessel.

@ BUILDING BLOCK REQUIREMENTS

.

QOTHER AR
THE CROS

—

— ——

ft ANTENNA
ECEIVER

FRAME RATE
1/sec

¢ TRANSPCRTATION Shuttle and large tug and large SEPS

e ON-ORBIT OPERATIONS Automated Servicing Unit; Assemble in Orbit

° SUBSYSTEMS Structures; attitude control; antenna _

s TECHNOLOGY Large adaptive microwave antenna; laser master measuring and control unit
* OTHER None
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CO-10 - Astronomical Telescope (U)

The intent of this initiative is to provide for an optical astronomical telescope
of unprecedented resolution by méchanizing a very large array of reflectors in orbit. The
technique of stationkept multiple mirrors forming a thinned crossed array with total arm
length of 240 meters is utilized in this initiative, with the mirrors individually and adaptively
phase controlled by command from a central stationkept focal plane unit for congtructive
intexference at the focal plane. The resolution of the crossed array is 2.5 x 107 radians.
The_use of a pair of such telescopes 100 km apart results in optical resolution as small as
10-1! radians. Further use of a pair of telescopes located on opposite sides of the orbit
might attain resolution even smaller. Unprecedented capability could be obtained from the use |
of such adaptively controlled stationkept optical thinned arrays.
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ASTRONOMICAL TELES COPE (CO-10} ()

® PURPOSE
To extend knowledge of universe by examination of most

distant objects.

® RATIONALE _ _
Largest earth telescopes have insufficient resolution,

Need even more than LST will provide.

e CONCEPT DESCRIPTION ,
A cross-array of visible light and 100 «m mirrors and an

appropriate plane can have an angular resolution of
2.5x 107 radians. An orbital pair o{ crosses as inter-
ferometer will have resolution of 107 radians.

® CHARACTERISTICS

o WEIGHT 43,200 o

e S|ZE 800 ft cross

o RAW POWER 10 kW

¢ ORBIT 300 nmi circular
e CONSTELLATION SIZE 2 - 100 km apart
e LIFE/SERVICING PERIOD 10/l Year

* TIME FRAME 2000

* |OC COST 690 M

© PERFORMANCE
Direct parallax measurements to 6500 light years
with one cross.

¢ BUILDING BLOCK REQUIREMENTS

FOCAL UNIT IS STATIONKEPT
1. km FROM CROSS

- CROSSARRAY OF 21 - 2 m DIA
MIRRORS
« ARM LENGTH = 240 m

- INDIVIDUAL MIRRORS ARE PHASE
CONTROLLED FOR CONSTRUCTIVE INTERFERENCE
AT FOCAL PLANE

PAIR OF
CROSS TELESCOPES,
100 km: SEPARATION

1000 km ORBIT

Mirrors, stationkeeping, structure, sensor
Adaptive focal plane, mirrors, stationkeeping sensors

e TRANSPORTATION Shuttle

¢ ON-ORBIT OPERATIONS Automated service unit, manned assembly
* SUBSYSTEMS

* TECHNOLOGY

¢ OTHER
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CO-11 - Atmospheric Temperature Profile Sounder (U)

The intent of this initiative is to measure the temperature of the atmosphere
directly as a function of its height. In'this application a space laser is used in a short pulse
mode to illuminate a cross-section of the atmosphere, and vibrationally excite CO or HpO
in its path. The subsequent rotational transitions of these species radiate millimeter waves
which are picked up and collected by a millimeter wave collecting antenna of medium size
in the satellite. By proper range gating, the altitude of origination of the signal can be
selected with a resolution of 100 feet by 300 feet. Measuring the ratio of the amplitude of
several rotational transitions may provide an indication of the temperature of the gas
at the altitude selected by the range gate, thus allowing the temperature profiles of the
atmosphere to be measured directly.
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ATMOS PHERIC TEMPERATURE PROFILE SOUNDER {CO-11) (U}

© PURPOSE
To measure actual profiles of temperature in the

atmosphere.

© RATIONALE
Weather prediction requires knowledge of temperature

profiles, as well as other phenomena.

¢ CONCEPT DESCRIPTION
SMSed laser \.Ir-l:brationa ly excites CO% or Ho0 molecules.

subsequent rotational transitions in The millimeter wave
spectrum show temperature dependence which is measured.
by ratio of energy in several lines.

® CHARACTERISTICS

-

- PULSED CO2 LASER
- 4. QPTICS
1 kW POWER

ATMOSPHERE

€Oz, H20 VIBRATIONALLY EXCITED
MILLIMETER WAVES RADIATED
BY ROTATIONAL TRANSITIONS

e WEIGHT 4,100 1b

o S|IZE 10 {t dia antenna

¢ RAW POWER 5kW .

¢ ORBIT 600 nmi polar

¢ CONSTELLATION SIZE 4

e LIFE/SERVICING PERIOD 10/3 Years %

s TIME FRAME 1930

e |OC COST 340 M SURFAGE

o PERFORMANCE
Fntire atmosphere measured, with resolution of 300 ft
horizontally and 100 ft vertically, every four hours.

e BUILDING BLOCK REQUIREMENTS

TRANSPORTATION Shuttle and SEPS
ON-ORBIT OPERATIONS Automated service unit

| ]

e SUBSYSTEMS Antenna, laser, attitude control

¢ TECHNOLOGY Laser, power dissipation, antenna, pointing

e OTHER Phenomenology of rotation/vibration measurements
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CC-1 - Global Search + Rescue Liocator (U)

The intent of this initiative is to locate small, lightweight emergency trans-
mitters by a system of high altitude comsats, and to allow the use of small, inexpensive,
lightweight emergency transmitters, The satellites transpond the signals from the emergency
transmitter and the location is computed by time difference of arrival on the ground site. The
emergency transmitters can be very tiny, weighing 2 pound or two and having a continuous life
for at least a month self-contained. Each transmitter would have stored a unique code out of
a catalog of 100 or more codes stored in the ground cross-correlation receivers. The trans-
ponders have 100 frequency-multiplexed channels.

Emergency transmitters of this size are small enough to be carried by everyone
venturing away from popular areas, such as hikers, pleasure boats, or cars traveling between
cities. A much more modest system for use only by official vehicles or aircraft could use a’
single channel transponder and time-share a few correlator receivers.
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GLOBAL SEARCH + RESCUE LOCATOR (CC-1){U)

e PURPOSE .
To locate emergency transmitters world-wide;
to ailow small, lightweight transmitters.

¢ RATIONALE
Search for rescue is expensive and not
always successful.

® CONCEPT DESCRIPTION
Coded, smail transmitter in emergency package

carried by traveling boats, aircraft, Signals
received and transponded by sateilites, and
location computed EYSTDOA techniques.

e CHARACTERISTI
e WEIGHT 2,000 [b
¢ SIZE 5xTf
e RAW POWER 500 W
s ORBIT Near-Synch., or Med, Alt,
e CONSTELLATION SIZE 20
¢ LIFE/SERVICING PERIOD 10/3 Years
* TIME FRAME 1980
e [OC COST 700 M

e PERFORMANCE
Location of emergency transmitters to 2 10 ft in
3 coordinates. Transmitter weight =1 ib,
life > 1 month continuous operation.

® BUILDING BLOCK REQUIREMENTS

e TRANSPORTATION Shuttle and tug _
e ON-ORBIT OPERATIONS  Automated Servicing Unit
° SUBSYSTEMS No unusual requirements
e TECHNOLOGY No unusual requirements
¢ OTHER None

CONSTELLATION OF
4 TRANSPONDERS

- B ft DA ANTENNA
- 100 CHANNELS ™~

POSITION FIXING
WITHIN 100 ft
IN 3 DIMENSIONS

- 10W PEAK
- 100 mW AVERAGE
« LIFE = 1 MONTH

- UNIQUE CODE
- SELF CONTAINED
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CC-2 - Urban-Police Wrist Radio (U)

In this application, large numbers of very tiny ground transmitters and receivers
are serviced by a large multibeam antenna for enabling completely mobile personal com-
munications to a large number of simultaneous users. This particular initiative addresses
the urban and police command and control problem. Each policeman could be outfitted with
a wristwatch radio of low radiated power and battery drain, using LSI microelectronic
technology, and its battery could be recharged at the police station daily whilé the policeman
is not on duty. The radio would have a two-way voice capability, and with the LSI, would
have a digital vocoder and anti-jam capability as well. Such radios could be mass-produced,
be very inexpensive, and wholly self-contained.

The space system component needs a large receiving aperture, multiple beam
capability, and on-board multiple~access processing to service the wristwatch radios.
Furthermore, the provision of large space antennas obviates the need for high transmitter
power., Since the cost of the system will be dominated by the user equipment, such complex
satellites may result in overall minimum costs.
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URBAN/POLICE WRIST RADIO (CC-2{U)

® PURPOSE
To give real<time, secure, anti-jam, high
coverage, wide area communications to
each policeman.

® RATIONALE
Police need help in doing their job, Spectrum
congested. Jamming/eavesdropping will become
routine. )

e CONCEPT DESCRIPTION
Wrist 2-way transceiver and channelized Comsat
give instant 2-way communications to patrolmen.

Multibeam antenna, anti-jam processing, and
pseudo-random coding make jamming very hard.

e CHARACTERISTICS

s WEIGHT 8,100 Ib

e SIZE 150 ft dia. antenna
e RAW POWER 1.5 kW

e ORBIT Synch, Equat.

o CONSTELLATION SIZE 1

e L|FE/SERVICING PERIOD 1013 Years

¢ TIME FRAME 1990

e jOC COST 210 M

® PERFORMANCE o
10 clear channels/city, 250 cities simultaneously.

30 db anti-jam and pseudo-random codes.
0.2 Ib battery for 10 hr life at 30% duty.

© BUILDING BLOCK REQUIREMENTS

TR 5

SYNCH EQUAT
.
—_
— — —
e

— —
=~ . 160 ft DIA ANTENNA
- 250 FINED BEAMS

- E00 WATTS TOTAL
TRANSMITTERS
AT 2 W/BEAM

- 250 URBAN AREAS
COVERED

- 10 CHANNELS/AREA

P - A
 POLIGE 60 nmi COVERAGE/ARE
il cernver O \d o
- WRIST THANSCEIVERS
-1 W POWER
- ANTI-JAM VOCODED
VOICE

- 02 Ib BATYERY

QY

- 10hr LIFE

s TRANSPORTATION Shuttle and tug and SEPS

¢ ON-ORBIT OPERATIONS  Automated Servicing Unit

o SUBSYSTEMS Attitude control; antenna; processor

. g%ﬁggOLOGY Large muitibeam antenna; multi-channe
L ]

Wrist transceiver, LS1 technology

| transponder; LS! processor; multi-access
fechnigues
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CC-3 -~ Disaster Control Satellite (U)

This application is similar to that of CC-2 (Urban-Police Wrist Radio) except
that a number of steerable beams are added to the satellite to provide communications,
command, and control to the host of personnel associated with disaster services in disaster
areas. Ten simultaneous disaster areas are covered in the United States, with ten channels
of secure, anti-jam coded voice communications per area.
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DISASTER CONTROL SATELLITE {CC-3)(U)

@ PURPOSE
To provide communications, command, and
control to disaster area emergency personnel. - 150 f1 DIA ANTENNA
- 250 FIXED BEAMS = o
- 10 SCANNED BEAMS
® RATIONALE - 550 W TRANSMITTER

Lack of communications hampers quick and- ey — — — — — —
effective handling of emergencies, . M=

e CONCEPT DESCRIPTION

Add 10 pointable beams to the urban/police
{CC-3) sysiem, point to disaster areas.

¢ CHARACTERISTICS

* WEIGHT 8,1001b

s S|ZE 150 ft dia. antenna

* RAW POWER 1.5 kW

¢ ORBIT Synch. Equat.

e CONSTELLATION SIZE i

e LIFE/SERVICING PERIOD 10/3 Years DISASTER

e TIME FRAME 1990 areas D
* |OC COST 270 M

250 FIXED BEAMS
FOR URBAN C+C

® PERFORMANCE
Provides 10 disaster areas and 250 urban
centers with 10 channels of voice communi-
cations each. Secure, anti-jam coded.

® BUILDING BLOCK REQUIREMENTS

)

e TRANSPORTATION Shuttle and tug and SE

e ON-ORBIT OPERATIONS  Automated Servicing Unit

e SUBSYSTEMS Attitude control; antenna; processor

¢ TECHNOLOGY Large multibeam antenna; muiti-channel transponder; LS! processor; muitiple-access
¢ OTHER None technigues
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CC-4 - Electronic Mail Transmission (U)

The intent of this initiative is to allow the rapid and efficient transmission of
mail information by electronic means from post office to post office. The concept envisions
page readers in post offices reading out the written information on letters which are opened
by machine, transmitting this information to facsimile printers at the receiving post office
where the pages are sealed by machine and delivered by letter carrier to the home, This is
an intermediate step to an ultimate system where all-electronic transmission from home to
home will be made possible through comsats without going through a written phase or any
post office, obtaining a hard copy or only an image at the receiver as desired.

A system typical of such an application has been sized which can handle ten
letter pages per second per post office, with 100 post offices per city in 100 cities simul-
taneously being serviced. That's a total of 100, 000 pages per second, or 8.6 billion pages
per day. The system envisioned consists of a large space antenna with multibeam capability
which will allow the post-office transmitter and antenna to be small and inexpensive. The
power required in the satellite is not large, and the antenna size makes footprints large
enough that they cover most urban areas, with the post offices in the areas between the urban
centers connecting to the urban areas by landline., An alternative is to use 300 beam feeds
and 10 KW RF power and cover the entire USA, which is conceptually no more difficult
since not every 60 nmi area throughout the country will contain 100 post offices.

e i e e
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ELECTRONIC MATL TRANSMISS{ON (CC-4){L)

® PURPOSE
To speed up mail, and lower costs.

® RATIONALE
Self evident

® CONCEFPT DESCRIPTION
Page readers and facsimile printers at each

post office read, transmit, receive, and reproduce
mail, Satellite acts as multichannel repeater.

® CHARACTERISTICS

WEIGHT 8,500 Ib

[ ]

» SIZE 150 ft dia. antenna
e RAW POWER 10 kW

e ORBIT Synch, Equat,

o CONSTELLATION SIZE 1

e LLIFE/SERVICING PERIOD 103 Years

* TIME FRAME 1990

¢ |OC COST 280 M

® PERFORMANCE

Transmits facsimile at 10 pages (8 1/2 x 11"} per
second per post office; 100 post offices per city,
100 cities - (10, 000 channels total).

® BUILDING BLOCK REQUIREMENTS

- 100 BEAMS

- 100 W/CHANNEL
- 3 kW RF POWER

3 ft ANTENNA
10 W POWER PER POST
QFFICE

100 CITIES COVERED
WITH 100 POST OFFICES
PER CITY

--------

SYNCH EQUAT.
—_ — ‘ - ORBIT
—
—
-, ‘-- ﬂ‘-..

« 100 CHANNEL REPEATER

(10,000 post offices total)

* TRANSPORTATION Shuttle and tug and SEP

e ON-ORBIT OPERATIONS  Automated Servicing Unit

s SUBSYSTEMS Attitude control; anienna; processor ]

¢ TECHNOLOGY Large multibeam antenna; multi-channel transponder; LS| processor; multiple-access
¢ OTHER None techniques
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CC~5 - Transportation Services Satellites (U)

The intent of this initiative is to field a system of satellites similar to the DOD
Global Positioning System satellites, but consisting of transponders rathér than only trans-
mitters so that position computations can be made by the central receiving and control station
as well as by the mobile users. Furthermore, such transponders could relay two-way digital
messages, forming the backbone of surveillance, navigation, and communication requirements
for the common carrier and private transportation systems. Unique codes and sophisticated
receivers are used providing a capability greatly in excess of any in existence today, which
can be provided simultaneously to a multiplicity of users without interference. This is a
near-term systein concept. |
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TRANSPORTATION SERVICES SATELLITES (CC-5) (U)

© PURPOSE
Simultaneously satisfy traffic control, air
surveillance, navigation, position fixing, command/
control for multiplicity of uses.

® RATIONALE
Similar and overlapping requirements by many agencies
for precision navigation enable one comprehensive

system to meet all needs for all users.
o CONCEPT DESCRIPTION

Comsat transponders are used, with 4 in view of user
at different angles/ranges, to provide TDOA position
fixing and 2-way communications.

e CHARACTERISTICS

e WEIGHT - 1400 1b

s SIZE 6x B

¢+ RAW POWER 600W

* ORBIT 8000 polar
o CONSTELLATION SIZE 20

e LIFE/SERVICING PERIOD 10/3 Years
* TIME FRAME 1985

e |OC COST 620 M

® PERFORMANCE
100, 000 users serviced: position to 10 ft,
surveillance of beacon to 100 ft,
digital communications of 100 kb/sec.

o BUILDING BLOCK REQUIREMENTS

A

20 SATELITES - AT LEAST FOUR IN VIEW OF
ANY USER

. ON-BOARD NAVIGATION (10 fi}
. SURVEILLANCE BEACON {100 f)
. DIGITAL COMM. 100 Kb/s
. VOICE COMM: 10 DUPLEX

S

/&%

SEFN!CE TO
> 100,000 USERS

+ USERS COST <$5,000

¢ TRANSPORTATION Shuttle and tug

¢ ON-ORBIT OPERATIONS Automated Servicing Unit
o SUBSYSTEMS No unusual requirements
e TECHNOLOGY No unusual requirements
® OTHER None
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CC-7 - Voting-Polling System {U)

Another application of large space antennas with multiple beams is for mass
communication to and from personal wrist radios. This particular application envisions
that every adult citizen could have a wrist radio which, in addition to furnishing the ineans
of personal two-way communications, could have a dual functlon of allowing elected repre-
sentatives to reach large segiments of the population essent1a11y instantaneously for the
purposes of polling the population on their feelings on major issues of government or public

. policy. Furthermore, the capability would then exist for people to register votes directly

with the government on a real-time basis in participatory dernocracy'elections. The personal
polling/voting could be mechanized as short d1g1tal messages, with the wrist radios being
constructed with yes-no-and no-interest buttons, in addltlon to a small digital message entry/
display unit.

Such a voting/polling system could have the capability of reaching 100 million
people in ofie hbur throughout the USA, for truly real-time assessment of how the population
feels on issues of the thoment. Unique pseudo-random coding would be supplied to each
wrist radio, and any four-bit message could be transmitted from the wrist radio being
interrogated by the satellite system.




VOTING/POLLING SYSTEM (CC-7HU)

® PURPOSE
To provide direct access to people for voting
or polling pumoses.

® RATIONALE
Voting and polling are time-consuming
processes, and subject to many errors.

® CONCEPT DESCRIPTION

Multichannel satellite queries wrist radios, and
relays responses to Washingten from individual
voters. Pseudo-random codes authenticate votes.

¢ CHARACTERISTICS

* WEIGHT 8, 100 Ib

* SIZE 150 ft dia. antenna
e RAW POWER L5kW

¢ ORBIT Synch, Equat.

* CONSTELLATION SIZE 1

e LIFE/SERVICING PERIOD 10/3 Years

* TIME FRAME 1990

s {OC COST 270 M

¢ PERFORMANCE
100, 000, 000 people polied/vote in 1 hr.
Any 4 bit message relayed.

— —
—

- 150 ft ANTENNA
. 400 BEAMS
- 10-100 CHANNELS/BEAM
. 10% USERS/GHANNEL, TDMA
. 5-BAND - 500 W

SYN(;H E
_—_ Omng'l
—

- 100 POPULATION
CENTERS AT
1,000,000 PEOPLE/
CENTER

WRIST RADIO
-1 mwW
- UNIGUE 30 BIT CODE

- 0,3 sac TRANSMISSION -
QUERIED BY SATELLITE

- 300 URBAN AREAS AT
100,000 PECPLE/AREA

uar
—

- 005 1b WEIGHT \/_\
@ BUILDING BLOCK REQUIREMENTS | - LIFE - 300 USES/CHARGE
e TRANSPORTATION Shuttle and tug and SEPS
o ON-ORBIT OPERATIONS  Automated Servicing Unit
e SUBSYSTEMS Attitude control; antenna; processor
o TECHNOLOGY Large multibeam antenna; multi-channe! transponder; LS| processor; multiple-access
e OTHER LS wrist transceiver techniques
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CC~-8 - National Information Services System (U)

The intent of this initiative is to provide international networks with a capability
to serve many users having small antennas and small power for data or voice communications
with remote areas., A typical user terminal will have one watt of transmitter power and a
three~foot antenna, and handle either 100 users at one megabit per second each or 10, 000
users at ten kilobits each., The major components of the satellite are a 150-foot diameter
antenna with 100 independent beams and a 100-channel repeater. With such an initiative,
the benefits of cornmon-carrier communications could be brought to much smaller and less
concentrated users than with the current Intelsat network,
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NATIONAL INFORMATION SERV [CES SYSTEM {(CC-8) (U)

® PURPOSE
To provide Intelsat network with adjunct capability
to serve small-antenna users.

® RATIONALE
Intelsat requires very large antennas and few entry
points - not suited for disadvantaged users.

¢ CONCEPT DESCRIPTION
Large muitibeam antenna satellites link facsimile voice

and teletype terminals with low power and small antennas.

Satellite is a muitichannei repeater.
¢ CHARACTERISTICS

- 150 ft DIA ANTENNA/

- 100 BEAMS
- 100 CHANNEL REPEATER
- 100 W/CHANNEL

- 3 kW TOTAL S-BAND

POWER

s WEIGHT 8,500 ib -3 T ANTENNG
e SIZE 150 ft dia antenna
s RAW POWER 0 kW
s ORBIT %ynch. Equat,
e CONSTELLATION SIZE 4
e | |[FE/SERVICING PERIOD 10{3 Years O
e TIME FRAME 1990
s [OC COST 420 M
60 nmi AREAS

¢ PERFORMANCE ) )
40, 000 to 4 million channels in 400 areas serviced

world-wide, with 1 watt transmitter and 3 ft antenna
at user terminal.

e BUILDING BLOCK REQUIREMENTS

100 AREAS TOTAL

SUBSCRIBERS/USERS

100 USERS/AREA
AT 1 Mb/s EACH

OR

"T10,000 USERS/AREA
AT 10 Kb/s EACH

TRANSPORTATION

SUBSYSTEMS
TECHNOLOGY
OTHER

o 0089

Shuttle and tug and SEPS

ON-ORBIT OPERATIONS Automated Servicing Unit

Attitude control; antenna; processor
Large multibeam antenna; multi~channel transponde
None '

r; LS1 processor; multipie-access
techniques
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CC-9 . Personal Communications (U)

The intent of this initiative is to extend two-way telephone service to individuals’
wherever they are, by outfitting interested individuals with self-contained wristwatch radio
terminals. People can then be in touch with each other, or with fixed installations, through
the satellite network wherever they are. Since the wrist terminal should have at least one
day continuous operating life prior to recharging the batteries, the transmitter power must
be very small. In the example here of the initiative, it is 25 mW. The multibeam antenna
satellite covers a number of urban concentration areas and allows one million people in each
of 25 cities to communicate through the central switching stations, providing 25, 000 simul-
taneous channels of normal voice, and servicing as many as 25 million people. The satellite
is fitted with LSI processors for voice recognition of the address code in lieu of 2 dial address
code, with automatic switching and message routing being shared between ground and satellife
equipments. This initiative is similar to many others in the catalogue which are intended to
satisfy a need for inexpensive and highly portable personal communication terminals, achievable
with satellite size and complexity.

s



PERSONAL COMMUNICATIONS (CC-9(U)

® PURPOSE
To allow citizens to communicate through - 150 ft DIA ANTENNA
exchanges by voics, f he L o o —_ S¥New gq
ges by » Trom anywhere, - 7 KW POWER, S-BAND | EQuay,
- 1000 CHANNELS/BEAM, ’ ORBF™ ~
- 1000 USERS/CHANNEL [ i i E E =]
- - =t _“*‘\—_\

® RATIONALE P

Mobile telephones are desirable, but should - \ >

be wrist worn. Many mobile users want communications. NN
® CONCEPT DESCRIPTION

Muitichannel repeater and wrist transmitter-receivers /7
connect people anywhere, Voice code recognition I
address {phone- number), COVERAGE/BEAM

© CHARACTERISTICS é\ \ ;
WEIGHT 9,200 Ib 9
SIZE 150 ft dia. antenna O,j ciTiEs
RAW POWER 21 kW COVERED
ORBIT Synch. Equat. )
CONSTELLATION SIZE
LIFE/SERVICING PERIOD 10/3 Years / !
TIME FRAME 1990 eerons oS
I0C COST 320 M CENTRAL

—

—— WRIST RADIO
® PERFORMANCE

- WEIGHT = 003 ib
1,000, 000 people in each of 25 cities can " aTrERY e

BATTERY LIFE

communicate, 25,000 simultaneously, using CONTINUOUS
normal voice. " AECOGNITION FoR
TELEPHONE ADDRESS
® BUILDING BLOCK REQUIREMENTS
* TRANSPORTATION Shuttle and large tug
* ON-ORBIT OPERATIONS  Automated Servicin? Unit
* SUBSYSTEMS Attitude control; antenna; processor .
¢ TECHNOLOGY Large multibeam antenna; multi-channel transponder; LS1 processor, multiple-access
* OTHER Wrist transceiver, LSI technology techniques
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CC-10 - Diplomatic/UN Hot Line (U)

The intent of this initiative is to provide hot line communications between heads
of state of all major nations of the world; to provide a medium for easing tensions, negotiating
conditions, and reducing the danger of escalation of minor conflicts into major ones. The
dedicated nature of the satellite and its mutual need by all|nations makes it an unlikely target.
The satellite is large enough and powerful enough that a two-foot antenna terminal is sufficient
to set up a duplex voice channel with anti-jam coding, which is automatically switched in the
satellite to whichever country addressee the call initiator specifies. Thus any country can be
in touch with any other country at will without subject to the whims of any other country, and
the automatic switching equipment is satellite borne and pre-programmed, insuring fairness
of access to all and not subject to capture by any party who may be interested in upsetting
communications. The satellite antenna is state-of-the-art, although the automatic switching
substation requires development of an appropriate LSI processor and multiple access techniques

1
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DIPLOMATIC/UN HOTLINES (CC-10 (1)

e PURPOSE
To provide rapid, reliable, secure communications
between heads of state and embassies.

© RATIONALE
Good, rapid communications needed to reduce

dangers of escalation in international situations.

® CONCEPT DESCRIPTION
Multibeam antenna Comsat crosslinks any or all
terminals, one per country. Satellite processing
is autonomous and not subject to capture.

® CHARACTERISTICS

o WEIGHT 3,000 Ib

e SIZE 5x 15 ft

¢ RAW POWER 1 kW

* ORBIT Synch Equat.
e CONSTELLATION SIZE 3

e LIFE/SERVICING PERIOD 10/3 Years

e TIME FRAME 1980

¢ |OC COST 230 M

e PERFORMANCE
One full duplex voice channel per country,

200 countries accommodated. Automatic switching
in satellite; or multipie access user-controlled.

e BUILDING BLOCK REQUIREMENTS
¢ TRANSPORTATION Shuttle and tug

e ON-ORBIT OPERATIONS  Automated Servicing Unit

Attitude control; antenna; processor and switch o

Multibeam antenna; multi-channel transponder; LS| Processar and automatic switch;
|

e SUBSYSTEMS
e TECHNOLOGY
¢ OTHER None

350 nmy
FOOTPRINT PER
BEAM

= . 200 BEAMS
; . 300 CHANNEL TRANSPONDER

x. oRBIT JER—
swcﬂ'_‘ﬁ?f e

"

- 5 It ANTENNA

- AUTOMATIC SWITCHING SUB-
STATION

NATIONAL TERMINAL
- 2 ft ANTENNA
1 DUPLEX VOICE
CHANNEL

- ANTI-JAMMING
SERVICE

multiple-access techniques
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CS-1 -~ Nuclear Energy Plant in Space (U)

The intent of this initiative is to generate large scale energy in space and to
transmit it to receiving antennas on the ground via microwave beams for terrestrial use,
In this initiative, the generator is a nuclear reactor driving an MFHD generator producing
electrical power, which is then beamed from a microwave antenna with distributed trans-
mitters to a rectenna on the ground. A breeder reactor is contemplated, with fuel breeding
designed to supply reactor fuel for operation at the initial power level for at least a thousand
years. No pollution is produced by this energy generation techmnique, and at the end of its
life, all radioactive components can be disposed to deep space or retained in orbit and
closely watched. The receiving device could be a "form' of thin wire dipoles and rectifiersof
5 nmi diameter suspended on poles, under which farming or industry could ready exist so
that the land area is not wasted. The advantages of this form of energy generation and
delivery are self~evident.

prap e
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NUCLEAR ENERGY PLANT IN SPACE (CS-1) (U)

® PURPOSE
To generate and deliver electrical energy without
pollution or hazard.

® RATIONALE
Power is needed which requires no radioactive material
on earth, produces no atmospheric heating, and no
resource consumption.

® CONCEPT DESCRIPTION
A breeder reactor MHD power generator, microwave
transmitter, and microwave antenna are used to beam
energy to a ground receiver. Fue! breeding supplies
fuel for at least 1000 years of operation.

© CHARACTERISTICS

s WEIGHT 81,000, 000 1b
* SIZE 3600 fi dia

¢ RAW POWER 13, 000 MW

¢ ORBIT Synch. Equat.
o CONSTELLATION SIZE 1

e LIFE/SERVICING PERIOD 1000/3 Years

e TIME FRAME 2000

® [OC COST 15.7B

® PERFORMANCE .
10,000 megawatts delivered power continuously -
with sufficient fuel breeding for a life of at least
1000 years.

© BUILDING BLOCK REQUIREMENTS

TRANSPORTATION
ON-ORBIT OPERATIONS
SUBSYSTEMS
TECHNOLOGY

OTHER

o e 880

NUCLEAR REACTOR

MHD GENERATOR

=
. RADIATOR : ‘ :
sYNCH EQUAT. | . -——-—‘ —"—' —_—

p~— """ gm8iT _
v "I"';‘F—'r-":::t _—'-_‘-‘“"-
T~ ‘....'-—ﬁ--“\\\

MICROWAVE
ANTENNA -
DIA = 086 nme
)I%ISTHIBUTED

-BAND
TRANSMITTERS

10,000 MW
DELIVERED

LLV and large tug and large SEPS
Manned service unit; automated servicing unit. Assemble in orbit

Structure; attitude control; antenna; reactor; power unit

Large active microwave antenna; large reactor; heat radiator; HHD power generator;
Rectenna on ground, safety

peinting and tracking sensor
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CS-2 - Emnergy Generation Plant (RTG) (U)

The intent of this initiative is to utilize the radioactive nuclear wastes from ground
nuclear reactors for generating electrical power in orbit prior to their disposal into deep
space. Six-thousand tons of nuclear reactor waste (of the intense variety with half life in the
order of 30 years) is expected to be produced by the year 2000 by the world's surface nuclear
reactor power plants at the current growth rate. This nuclear reactor waste could be put
into orbit with minimal pre-processing and assembled into a radioisotope thermal generator
which could be used to power a satellite, or to directly provide power elsewhere in

space or on the ground. It is estimated that 12 MW of electrical power can be made available|

for 30 years, using such waste. After 30 years, when the wastes begin losing their intensity
rapidly, they could be disposed into deep space, into the sun, or simply stored in orbit and
watched, and another load of wastes from the earth used for renewing the generator.
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ENERGY GENERATION PLANT (RTG) (CS-2) (U)

® PURPOSE
To use nuclear reactor wastes for producing energy
in space, before disposing in deep space.

® RATIONALE
[f we are going to dispose of reactor wastes in space,
let's use their heat for 30 years before final disposal.

® CONCEPT DESCRIPTION
A large thermoelectric plant is fueled by nuciear wastes

brought in via shuttle. After 30 years, the wastes are
disposed of in deep space.

ESCAPE DISPOSAL

\ SHUTTLETUG

12 MW ELECTRICAL
! POWER

6000 TONS OF NUCLEAR
REACTOR WASTE

RADIATORS

s  USING SATELLITE

® CHARACTERISTICS \
* WEIGHT 15, 000, 000 Ib \
¢ SIZE \
* RAW POWER 12 MW
* ORBIT 1000 nmi
* CONSTELLATION SIZE 1
e LIFE/SERVICING PERIOD > 25/3 Years
¢ TIME FRAME 2000
* [OC COST 3.5B
@ PERFORMANCE
- 12 megawalts electrical power gene rated from total
nuclear reactor wastes accumulated by year 2000.
@ BUILDING BLOCK REQUIREMENTS
® TRANSPORTATION LLV and large tug and Earge SEPS
* ON-ORBIT OPERATIONS  Automated Servicing Unit; Assemble I n Orbit
* SUBSYSTEMS Attitude control; thermal; power conversion
: g%ﬁEEOLOGY : g\’%ontgpe; thermoelectrics; radiator; safety encapsuiation/shielding

125



CS-3 - Energy Generation --Solar/Microwave (U)

The intent of this initiative is to collect solar energy in space, convert it into
microwave energy, and beam it to the earth for reception by rectenns for use in a terrestrial
power plant. This initiative is identical to the Satellite Solar Power System concept studied
by A. D. Little for NASA in the recent past. This energy generator has no nuclear or radio-
active components, but is considerably larger than the CS-1 nuclear plant for the same power.

126

UNCLASSIFIED




ENERGY GENERATION - SOLAR/MICROWAVE (CS-3) (U)

® PURPOSE
To provide abundant electrical power with little
pollution.

® RATIONALE
More and clean energy needed.

® CONCEPT DESCRIPTION )
Solar energy is collected, converted to microwave energy,

and transmitted to earth, where it is rectifiedto DChy a

rectenna.

® CHARACTERISTICS
¢ WEIGHT 25,000,000 b
* SIZE 7.3%2,.6 nmi
s RAW POWER 10, 000 MW
e ORBIT Synch. Equat.
¢ CONSTELLATION SIZE 1
e LIFE/SERVICING PERIOD > 25/3 Years
* TIME FRAME 2000
e |OC COST 11 B

¢ PERFORMANCE
5000 megawatts supplied to 10 nmi collector, with less

than 500 MW lost as heat to the environment.

¢ BUILDING BLOCK REQUIREMENTS |

SOLAR ARRAYS

~
1 ken ANTENNA - X-BAND
DISTRIBUTED TRANSMITTERS
~

N

10 nmi RECTENNA - X-BAND
5000 MW DELIVERED

\
\
A

\

y

SYNCH. EQUAT.
ORBIT

e TRANSPORTATION LLV and large tug and large SEPS

o ON-ORBIT OPERATIONS Manned Servicing Unit; Assemble in Orbit

¢ SUBSYSTEMS Attitude control; structures; power antenna

¢ TECHNOLOGY Large economical solar arrays; large active microwave antenna; high power tubes;
o OTHER Rectenna on, ground feeding and cross-connects
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CS-4 - Nuclear Waste Disposal (U)

The intent of this initiative is to utilize the Shuttle and an upper stage to dispose
of the nuclear waste products of nuclear power generating systems into deep space, rather
than storing the highly toxic and very long-lived radioactive wastes on the surface of the
earth. The use of the Shuttle, a large Tug, and specially constructed waste containers
could assure that future environmental damage from nuclear waste entering the ecosystem
is eliminated.

P

128




NUCLEAR WASTE DISPOSAL (C5-4} {U)

® PURPOSE
To permanently dispose of nuclear wastes
without environmentat damage.

® RATIONALE
Wholesale use of nuclear generating piants for electric

Fower_will result in large amounts of highly toxic and
ong tived radioactive wastes.

¢ CONCEPT DESCRIPTION
Wastes are packed in containers with shielding and
cooling, and put into earth escape trajectories by
shuttle and velocity stages.

¢ CHARACTERISTICS

» WEIGHT 64, 000 1b
* SIZE 15 x 60 ft
* RAW POWER 4 kW

s ORBIT Escape

* CONSTEIL:LLATION SIZE -

s LIFE/SERVICING PERIOD --

* TIME FRAME 1990

® |OC COST 430 M

¢ PERFORMANCE .
2500 Ib of waste per flight at $15 million per flight

($6000/Ib). Cost increase to electrical consumer = 2%,

. TOTAL WEIGHT = 54,000 Ib
. PAYLOAD PACKAGE = 30,000 |b TO EARTH ESCAPE VELDCITY

-
rd
-~
- UPPER STAGE W/
o Q\- 2500 Ib NUCLEAR WASTE
7

4
7

[}
&= .
-~

-

-

¢ BUILDING BLOCK REQUIREMENTS

* TRANSPORTATION Shuttle and large tug
ON-ORBIT OPERATIONS

No upusual requirements

¢ SUBSYSTEMS Shielding/encapsulation
o TECHNOLOGY Safety/thermal control
* OTHER Nore
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CS-5 - Aircraft Beam Powering

The intent of this initiative is to power large commercial aircraft for unlimited flight
time and remove their dependency on petroleum. Laser energy is generated on the ground
and is beamed via space mirrors on a satellite to aircraft in flight. This laser would be
powered by nuclear power plants on the ground in the ''near term,'' but eventually could be space
based and powered by nuclear or solar energy in space. The laser energy is beamed to a col-
lector on the upper surface of the aircraft to the engines. The engines are somewhat similar
to conventional jet engines, but instead of energy being supplied to inlet air by the combustion
of jet fuel, the energy is supplied by the absorption of the focused laser beam. The heated air
drives the turbine/compressor as well as the aircraft. In this application, some jet fuel must
be carried by the aircraft for conditions where the aircraft is under cloud cover thick enough
that the laser will not penetrate, typically in some takeoff and landing situations. The power
delivered to each aircraft is 10-50 megawatts.

The total electrical energy required is a significant fraction of that which supplies the
entire electrical needs of the United States today. The lasers are of an unprecedented high
power, but there are no physical limitations identified to date which would preclude their con-
struction. The space mirror complex may be viewed as an energy common carrier, with the

energy supplied either from the ground or from space, manipulated and directed in space.

s b pm etbenre meown ey e
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¢ PURPOSE

To provide an alternative to oil as a source of energy
for powering commercial transports.

(D — — -__sf_':’"‘_f_‘lﬂmr
¢ RATIONALE - T~
0il is a limited resource, becoming more expensive - . 169 MIRRORS, EACH ~

rapidly.
@ CONCEPT DESCRIPTION

Jet turbines are operated by heating air with laser beams
projected to each aircraft by multi-mirror sateilites. Laser
on ground powered by nuclear reactors provides energy.

® CHARACTERISTICS

AIRCRAFT BEAM POWERING {C5-5) {U)

15 ft DIA
. INDEPENDENTLY STEERABLE
- POINTED TO 1W0ur

30 ft DIA COLLECTOR

o WEIGHT 2,000,000 1b
e S|IZE 169 mirrors, each 15 ft dia
e RAW POWER 0.5 kWimirror
s ORBIT 300 nmi, 459 inclin.
e CONSTELLATION SIZE 100
o LIFE/SERVICING PERIOD  10/3 Years
s TIME FRAME 2000
® |[OC COST 67.0B ,
LASER PAQJECTOR
¢ PERFORMANCE

2000 large jet aircraft powered continuousiy (30% duty - 4 x 1010 W TOTAL

-50 MW/ai t. Break-even with oil operati >t MULTIPLE, PHASE .
eyt Brescemnunolperslons | SRRy | comator T o

FOR SENTATIoN
© BUILDING BLOCK REQUIREMENTS DUAL BURNER JET ENGINE

e TRANSPORTATION Shuttle and SEPS j ‘
¢ ON-ORBIT OPERATIONS Manned Servicing Unit; orbital assembly
* SUBSYSTEMS Attitude control; mirrors; processors; crosslink; thermal control
o TECHNOLOGY Large hl%lj temp mirrors; radiators; pointing and tracking sensors; LS| ;l)rocessor
* OTHER Ground high energy laser; atmospheric scintillation correction, closed loop
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CS-6 - City Night Illuminator

The intent of this initiative is to use thin-film reflectors in orbit to reflect sunlight
for the purpose of illuminating urban areas at night, saving the energy otherwise put into street
lighting. From synchronous orbit, the smallest size ground area that can be so illuminated
is 180 miles in diameter, due to the angular size of the sun as seen from the earth. A reflecting
area equivalent to 100 mirrors, each 300 feet square, is required to provide an illumination
equivalent to ten times that of the full moon in the absence of clouds. In the presence of light
cloud cover, scattering will provide-illumination, though of reduced intensity. The mirrors
are attitude controlled and must track the sun to stabilize the image on the ground. Though
they are large, they need not be heavy, nor need their optical figure be good. In order not to
spread the image of the sun more than ten percent beyond the 180 n mi area, the surface toler-
ance can be as great as * one foot in a 300-foot reflector, ahd the mirror construction is not
difficult.




CITY NIGHT ILLUMINATOR (CS-6) (U)

e PURPOSE
To provide night lighting without earth-based energy,
pollution, street lighis, cables, trenches, etc.

® RATIONALE
Alfernative energy sources needed.

e CONCEPT DESCRIPTION
Sunlight reflected by pointing large mylar reflectors.
Spot size determined by angular size of sun.

@ CHARACTERISTICS

e WEIGHT 150,000 1b

* S|IZE 100, 300-ft dia each
« RAW POWER 250 W

e ORBIT Synch. Equat,

o CONSTELLATION SIZE 1

e [LIFE/SERVICING PERIOD 10/3 Years

e TIME FRAME 1990

e |OC COST 1.1R

¢ PERFORMANCE
Ten times full moon provided (no clouds}; full meon

provided (heavy cloud cover).

® BUILDING BLOCK REQUIREMENTS

* TRANSPORTATION Shuttle and large tug

e ON-ORBIT OPERATIONS  Automated Servicing Unit

e SUBSYSTEMS Attitude control; structures; sensors

¢ TECHNOLOGY Large optical reflector; pointing and tracking sensor
¢ OTHER None .

MEGALOPOLIS
LIGHTING
10 x FULL MOON
{na clouds}

1 x FULL MOON
LIGHT CLOUD
COVER

100 THIN FILM MIRRORS
EACH 300 x 300 ft
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CS-10 - Vehicular Speed Control (U)

The inlent of this initiative is to place positive limits, rather than administrative
or legal limits, on the speeds at which automobiles may be driven on the streets. The
technique envisioned is to require a radio~controlled engine governor as well as a small
radio beacon transmitter on every vehicle. The location of each vehicle is determined by a
ground station using time difference of arrival of the beacon signal transponded by the four
satellites, and when the vehicle's location is determined to lie inside of any particular speed
boundaries desired, the engine governor is commanded not to allow a speed in excess of that
legally permitted in that zone. The demarcation of zones is set by software in a ground
computer and is readily changed by a program change. The location of each car can be
determined accurately to less than 50 - 100 feet and its speed limit controlled positively and
continuously by the ground station through the satellite system.
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VEHICULAR SPEED CONTROL (CS-10) {U)

® PURPOSE
To establish positive vehicle speed control zones in cities

by radio control of vehicle engine governors.

® RATIONALE | . ) o
Excessive speed s a major contributor to traffic accidents

* and injuries. With positive control, speeding is im-
possible.

@ CONCEPT DESCRIPTION - Each vehicle has a small
radiobeacon and a command receiver connected to a com-
mandable speed governor, The location of each vehicle is
determined by muttiple satellite reception of the beacon.
Commands are generated by computer on the ground.

® CHARACTERISTICS
e WEIGHT 10,000 b
* SIZE 120-ft dia antenna
° SQWI_IPOWER 200 KW
* ORB Svnch. Equat. + Incl.
. ORRSTELLATION sizg 5 nen- Fauat
e LIFE/SERVICING PERIOD 10/3 Years
e TIME FRAME 1990

© PERFORMANCE
Vehicle speed controlled to +1 mph. Provision for one
million cars in each of 100 cities {100 mitlion total

channels).

@ BUILDING BLOCK REQUIREMENTS

TRANSPORTATION Shuttie and large tug
ON-ORBIT OPERATIONS
SUBSYSTEMS
TECHNOLOGY

OTHER

s 008

None

120 ft ANTENNA

WITH 100 BEAMS:

EACH 07 kW QUT.

PUT

100 RECEIVERS

1000 LINKS/
REGEIVER

75 nma DIA
EACH

SET SPEED ZONE
DEMARCATIONS,
SPEED LIMITS,
GENERATE SPEED
COMMANDS

SPEED LIMIT COMMANDS
TO VEHICLE GOVERNOR ,

BEACON FOR
LOCATION OF CAR

C;_, ?)

Automated Servicing Unit; Assembie in Orbit :
Attitude control; antenna; RF power DCpower, channelized transponder
Large multibeam antenna; power tubes, channefization techniques; large-scale

multiple access
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CS-11 - Space Debris Sweeper (U)

The intent of this initiative is to remove spent stages, satellites no longer con-
sidered useful, pieces of debris such as bolts, bands, shields, fairings, etc., from near-
Earth space in order to reduce the danger of collisions. Such dangers will increase with
time and increasing space use. The initiative dedicates a Tug permanently stationed in orbit.
The Tug performs a rendezvous with the spent satellite or debris and applies a retrofire burn
to drop the perigee of the debris to 100 nmi or less, such that its orbit will decay and the
object will reenter within some reasonable time, such as a few weeks. An alternate technique
is to add velocity so the object escapes. The latter may well minimize propellant expenditures
for high altitude junk. The Shuttle is used to resupply propellants to the Tug so that it may
perform multiple deorbit burns, reinject itself into stable orbits, and perform the required

rendezvous with space junk.
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SPACE DEBR{S SWEEPER {CS-11) tU)

e PURPOSE

To remove expended satellites and debris from synchronous

equatoriai corridor where they pose a long-term collision
threat.

e RATIONALE
Synchronous equatorial corridor is becoming very
crowded and could be dangerous in future.

© CONCEPT DESCRIPTION . .
Use tug to impart aV to debris to drop its perigee to

<100 nmi. Debris will reenter within weeks, One
orbit later, tug re-injects itself into SE orhit. Tug

resupplied by shuttle.
e CHARACTERISTICS

¢ WEIGHT 500, 000 Ib propellant

e SIZE Tug

* RAW POWER L5 kW

e ORBIT Up to Synch. Equat.

e CONSTELLATION SIZE 1 : \

e LIFE/SERVICING PERIOD N/A \

° TIME FRAME 1985 \

¢ I0C COST 130 M \
® PERFORMANCE N\

500, 000 1b of propellant will deorbit 100 satellites of

5000 1b each.

e BUILDING BL.OCK REQUIREMENTS

¢ TRANSPORTATION

SPENT SATELLITE

TUG INSERTION
A FOR RENDEZVOUS

s

N

REENTRY AND
DESTRUCTION

Shuttle and Tu

[ I N

ON-ORBIT OPERATIONS
SUBSYSTEMS
TECHNOLOGY

OTHER

No unusual requirements
No unusual requirements
No unusual requirements
None
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CS-12 - Ozone Layer Replenishment/Protection (U) v

This initiative addresses the potential problem of depletion of the Earth's ozone
layer, with the consequent increase of ultra-violet radiation on the surface resulting in varied
harmiul effects. Even though the phenomenology is not yet completely understood, it appears”
that freon gases liberated from aerosol spray cans, as well as oxides of nitrogen liberated
from very high altitude aircraft can cause the ozone concentration to fall over a period of
many years by a very complex interaction with the equilibrium reactions in the upper atmos-
phere, which reduce the ozone concentration. In this initiative a micro-encapsulated chemical
yet to be synthesized, would be sprayed.-from a low flying satellite or space shuttle and would

 disperse and settle through the ozone region. The encapsulation would be designed so as to

evaporate near the lower end of the ozone region releasing the chemical. The characteristics
desired for this special chemical would be: it should have a hlgh affinity for the freon radical
and a low affinity for oxygen, ozone, and the other components in the equilibrium reactions

in the region; it would have to have a low potential for disociation under sunllght and it
would have to be stable over periods measured in years.

This chemical would bind to the freon radicals and deactivate them insofar as
the ozone equilibrium reactions are concerned. A single application of the chemical would
last for many years due to the low vertical diffusion rates at the altitudes of the layer. The
quantity required could be fairly small since the chain reaction of the radical would be
broken by the new chemical. The phenomenology of the ozone layer formation and its
depletion are under active study currently. Synthesis of the freon-radical-active compound
necessary for this initiative is speculative at this time. However, the possibility exists
that this very important world problem could be amenable to solution from space. The
solution to the oxides of nitrogen from aircraft would seem to be in controls at the source.
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OZONE LAYER REPLEN]SHMENT/PROTECTION (CS -12) {U)

® PURPOSE
To eliminate the depletion of the ozone layer from

"freon'' compounds.

® RATIONALE L . .
The ozone concentration in the layer is decreasing

dangerously due to freons released by spray cans and
industry.

o CONCEPT DESCRIPTION X
Space shuttle or suitable vehicle dispenses a chemicat

which settles and binds to the freon radicals in the lower
ozone layer, deactivating them.

e CHARACTERISTICS

¢ WEIGHT 8, 000,000 Ib

s SIZE -

o RAW POWER —-

e ORBIT 80-120 nmi polar
e CONSTELLATION SIZE 1

e LIFE/SERVICING PERIOD every 10'years
s TIME FRAME 1985

e [OC COST L7B

¢ PERFORMANCE
Ozone layer replenished, protected for 10+ years by

dispensing of 4000 tons of chemical.

e BUILDING BLOCK REQUIREMENTS

e

e o

SPACE SHUTTLE IN 80120 nm: ORBIT
DISPENSES CHEMICAL iN FLIGHT

CHEMICAL DIFFUSES
AND SETTLES IN
ENCAPSULATED FORM

1 o7ONE REGION

m

> \\\\

CHEMICAL VAPORIZES
AT LOW END OF OZONE
LAYER, AND BINDS TO
FREQN RADICAL
NEUTRALIZING IT

e TRANSPORTATION LLV or Shuttle

e ON-ORBIT OPERATIONS  No unusual requirements

e SUBSYSTEMS No unusual requirements

e TECHNOLOGY No unusual reﬂwrements

¢ OTHER Phenomenology of ozone layer depletion;

synthesis of freon-radical active compound.
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CS5-13 - Inexpensive Navigation System (U)

The intent of this application is to reduce the complexity and therefore the cost
of receivers for position location by placing a larger burden on the spacecraft used in
generating the signals used for navigation. Thus the user equipment, which represents
the largest investment in navigation systems fielded to date, could become much smaller
and cheaper. In this initiative, very narrow swept fan beams are generated by a crossed
array in space, The beams are swept across the country in a repetitive fashion, causing
pulses to be generated in a receiver when the beams sweep past it. The beams subtend
1000 feet on the Earth, and their center can be determined to better than 100 feet by a
simple receiver. A U.S. coverage beam is caused to transmit a pulse at the time when
each fan beam is at its index position. The delay between the receipt of the index pulse
and the receipt of the pulses from the sweeping beams is directly translatable into position
relative to the index point, accurate to 1/10 of a beam width or about 100 feet. No coding
is required, and a simple two or three frequency receiver with'an omni antenna and low
accuracy crystal clock accurate to one part in 10° suffices. This space antenna would be

stationkept multiple satellites with a stationkept control satellite for controlling the radiation

pattern of each arm. It is estimated that user equipment could cost $10 - $100 with LSI
circuitry throughout and mass production.
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INEXPENSIVE NAV IGATION SYSTEM (CS-13}{U)

o PURPOSE
To provide accurate user position location
with very inexpensive user equipment

® RATIONALE
Navigation system costs are dominated by
user equipment costs,

® CONCEPT DESCRIPTION
Narrow beams are swept over the U. S. by large phased
arrays in space. Very simple receivers measure time
elapsed between pulses received from start and swept
beams.

® CHARACTERISTICS

* WEIGHT 1300 |b

e SIZE 1 nmi cross
¢ RAW POWER 10 kW

¢ ORBIT

Synch. Equat.
* CONSTELLATION SIZE 1

o LIFE/SERVICING PERIOD 3 Years
¢ TIME FRAME 1990
* |OC COST 130 M

® PERFORMANCE
- User position located to x 100 ft every 10 seconds.

- User receiver can cost as little as 100 $ or less in
mass production.

@ BUILDING BL.OCK REQUIREMENTS

¢ TRANSPORTATION Shuttle or LLV,
. ?N-(SJRBIT OSPERATIONS

* SUBSYSTEM i i
e TECHNOLOGY Stationkeeping,
* OTHER LS| receivers

t nmi CROSS ANTENNA AT X-BAND
- BEAM 1 = 1 AT 16 mW
BEAM 2 = f2 AT 15 mW
US COVERAGE
EAM = 13 AT 7 W

B
AVG AND 70 kwW
PEAK

~— STATIONKEPT
CONTROL
SATELLITE

Pl

WITH OMNI

ANTENNA AND
CLOCK ACCURATE
TO 11

e
f\' PULSED WHEN

SSWEEPING BEAMS ARE
AT INDEX POSITION

large Tug/SEPS

Manned and automated servicing units

ACS, antenna

lon thrusts, adaptive RF phase control, laser master measuring unit
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Pages 142 through 171 present descriptive data on initiatives
MO-1 through MO-18, They are omitted for security clas sification
reasons.



MO-20 - Synchronous Meteorological Satellite (U)

This initiative is to provide high resolution meteorological data similar to that
obtained by current low-altitude metsats, but with the constant coverage obtainable from
synchronous altitude. The information thus obtained would greatly facilitate global weather
predictions. Optical sizes roughly 10 - 30 times those on low-altitude satellites are needed

due to altitude increase.
\

¥

v ¥
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{
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SYNCHRONOUS METEOROLOG | CAL SATELL ITE (MO-20) (U)

® PURPQOSE
To collect worldwide atmospheric data for global
weather prediction.

® RATIONALE
High resolution and frequent coverage of globe are

needed for forecasts.

® CONCEPT DESCRIPTION o
Optical sensor with 1 meter mirror collects visible light

data on gross meteorological features. Same instrument
makes spectrum measurements for detailed information
on atmosphere.

e CHARACTERISTICS
» WEIGHT 3000 1b
o SIZE 5% 20 ft
. ggwl POWER 1 kW
. BIT .
o CONSTELLATION SIZE fsynm' Fquat.
s LIFE/SERVICING PERIOD 10/3 Years
* TIME FRAME 1985
* 10C COST 570 M

® PERFORMANCE
Ground resolution 300 ft dia. Scan rate: Earth coverage
in 20 sec for clouds, efc, Detailed measurements of
spectrum every 200 sec.

® BUILDING BLOCK REQUIREMENTS

* TRANSPORTATION Shuttle and tug _

* ON-ORBIT OPERATIONS | Automated Servicing Unit

* SUBSYSTEMS

s TECHNOLOGY

* OTHER Weather calculation method.

SYNCHRONQUS
EQUATORIAL

ORBIT

/
/

3 f1 DIA OPTICS
VISIBLE LIGHT TELESCOPE

© 300 ft RESOLUTION

=160 nmi SWATH

Laser o .
Comm. link: 10 gigabits/sec from each sateliite.

Ground computer center.
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Pages 174 through 235 present descriptive data on initiatives
MO-21 through MO-24, MC-1 throngh MC-15, MW -1 through MW-8,

and MS-1 through MS-12.
reasons,

They are omitted for security classification



E-0969 R1

A number of initiative ideas were collected which did not survive the initial
screening as ideas that should be carried through to even the back-of-the-envelope analysis
stage. Some of these were put into this category because the phenomenology is not well
enough understood to define a program, even though the desirability of such an initiative
might be evident. Others were included because even though the phenomenology might be
understood, the technology reguirementis were either outlandish {even compared to some of

the eye-popping initiatives which survived) or the function performed was not felt to be
useful.
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INITIATIVE IDEAS NOT DEFINED OR REJECTED

CIVIL

RADIOACTIVE CLOUD LOCATION MONITORING
FEDERAL OFFICE MONITORING

SURVEYING MARKER AID

LASER PROPELLED ROCKETS

ENERGY CONSUMPTION MONITORING

AIRPORT FOG DiSPERSAL

Ty, Tmme e, e, Sma., e

MILITARY

DEEP SPACE BASING OF RV DECOYS

ASSURED DENIAL WEAPON

RECALLABLE/RECOVERABLE OFFENS {VE WEAPONS
GROUND-BASED SATELLITE INTERCEPTION

COMMERCIAL COMSAT TRANSFER CONTROL

AWACS/BATTLE CONTROL STATION

ACTIVE LASER BACK BEAMER VIA STIMULATED LASER MODE
SUBMARINE DETECTION BY CES UM SEEDING

SUB COMMUNICATIONS BY SPACE RF BEAM MIXING

SUB COMMUNICATIONS BY MAGNETIC RESONANCE CES 1UM

Ty, am, T, e, e, e, e, e, e,
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E-0970

Not unexpectedly, there is a great correlation between the space functional goals
which were outlined as requirements in the first part of the work and the initiatives them-
selves, and in fact, as is seen in the next three pages, there is at least one initiative in the
catalog that contributes toward the attainment of almost every goal identified. These pages
clearly show that space can be made relevant to the problems of society and this country
in this time period.
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RELATION OF INITIATIVES TO DESIRED SPACE FUNCTIONS

SPACE FUNCTIONS SPECIFIC INITIATIVES
Te—ei ——————— s mq
OBSERVATION - -
o Resource Exploration CO-1 Advanced Resource Pollution Observatory
o Pollution Monitoring L CO-1 Advanced Resource Pollution Observatory
o Weather Prediction and | MO-20 Advanced Synchronous Meteorological Satellite
Control CO-11 Atmospheric Temperature Profile Sounder
o Disaster Warnings and Control | CC-2 Disaster Control Satellite
e Border Surveillance Against CO-8 Border Surveitlance Intrusion Warning
Iilegal Entry System
® Management of Ocean MO-17 Ocean Surveillance (Radar)
Resources MO-18 Ocean Surveillance (LWIR)
o Crop Prediction CO-1 Advanced Resource/Pollution Observatory
o Forest Surveys and CO-1 Advanced Research/Pollution Observatory
Management - CO-2 Forest Fire Detection
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RELATION OF INITIATIVES TO BES1RED FUNCTIONS

Nation-Nation Communications

Transportation Control and
Safety

Disaster Control

Personal Communications,
Emergency and Routine

Police Communications and
Control

Traffic Control

Better Communications Access
Between People and Government

e

SPACE FUNCTIONS SPECIFIC INITIATIVES
COMMUNICATION

CC-10 Diplomatic/U. N. "Hot lines"

CC-5
C0o-9

CC-2

CC-1
CC-9

CC-3

Transportation Services Satellites
Coastal Passive Radar

Disaster Control Satellites

Global Search and Rescue
Personal Communications Satellite

Urban/Police Wrist Radio

CS-10 Vehicular Speed Control
C0-9 Coastal Passive Radar
CC-5 Transportation Services System

CC-7
CC-8

Voting/Polling System
National I nformation Services
Electronic Mail Transmissions
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RELATION OF INITIATIVES TO DES[RED FUNCTIONS

SPACE FUNCTIONS

SPECIFIC INITIATIVES

SUPPORT

Energy Generation, Manage-
ment and Delivery

Space Processing
Disposal of Wastes
Preservation of Ozone Layer

Preservation of Near-Space
Environment

Night Illumination

Control of Nuclear Materials
Pride in Significant Achievement
Relief from Limits

Space Astronomical Observations
and Experiments

CS-1 Nuclear Energy Plant in Space

CS-2 Energy Generation Plant (RTG)

CS-3 Energy Generation - Solar/Microwave
CS-5 Aircraft Beam Powering

CS-4 Nuclear Waste Disposal
CS-12 Ozone Layer Replenishment/P rotection
CS-11 Space Debris Sweeper

CS-6 - City Night liluminator
- Police Searchlight

CO-7 Nuclear Fuel Location System

- Research in Preparation for Space Habitation
C0-10 Astronomical Telescope
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The possible contributions of the initiatives toward solution of the major
problems in the civil area is divided into near-term and quite speculative columns in
the facing page and the next two tables.
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MAJOR PROBLEMS, CIVIL AREA
1980-2000

1. World Food Supply

Predictable supply at
relatively stable price.

2. World Energy Supply

3. World Population Growth

POSSIBLE CONTRIBUTION OF SPACE INITIATIVES

Moderate Risk

Land:

Sea:

None

Weather prediction aided
by space observation

Crop yield prediction from
satellite observation,

Crop health

Good fishing area
prediction by observation
of sea conditions.

Monitoring of fishiné
levels,

No direct effects

Quite Speculative

Weather control, managed
from space control center.

Detailed temperature and
pressure point functions
in atmosphere for weather
prediction

Detection of actual schools
of fish by associated sea
phenomena.

Enforcing fishing levels.

Space disposal of nuclear
wastes, permitting a
fission power economy if
terrestrial disposal is
unsafe,

Space solar-electric con-
version, beamed to earth
via microwaves.

Laser powered aircraft by
earth or space based laser,
to conserve oil,

Prospect of space
colonization.
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MAJOR PROBLEMS, CIVIL AREA
1980-2000

4, Environmental Protection

5. General Safety

6. Personal Fear of Bodily Harm

246

POSSIBLE CONTRIBUTION OF SPACE INITIATIVES
Moderate Risk Quite Speculativ'e

Pollution monitoring Preservation of ozone
layer against depletion
by NC)X or freon.

Disaster prediction and
control of rescue and
recovery.

Hurricane warning Tsunami detection and

Flood warning prediction of progress,

Transportation safety Earthquake prediction.

Traffic monitoring on Private auto traffic
land management

Collision avoidance,
sea-air, with inexpen-
sive user equipment,

Tnhanced police e_ffec_ti‘veness
/ space communications.
U.S. border surveillance to
control drug traffic,

Personal communication
link to satellite to request
help.

Night illumination from
space on request of police.



MAJOR PROBLEMS, CIVIL AREA

1980-2000

7.

9.

Nuclear Blackmail - Criminal
or Dissident Group

Loss of U, 8. Internaticnal
Leadership

Lioss of Cutizen Confidence in
U, 5. Government, and
Disaffection for Government
Goals

POSSIBLE CONTRIBUTION OF SPACE INITIATIVES

Moderate Risk

None

Shared output of space program
results - weather, crops,
disaster warning, science, aids
in reestablishing good will
towards U.S. and U, 5. world
leadership.

A well-run, total space program
with economic benefits and aid to

general safety contributes to
ameliorating this problem,

Specifically, a satellite pelling

system would give citizens more

participation in government,
helping build confidence,

Quite Speculative

Monitoring of nuclear
fuel from space platform.,

Establishment of manned
space outposts, terrestrial,
lunar, or lunar ground
station, (Leadership
effect is uncertain, )

247



The illustration on the facing page shows the relationship
between wéight in orbit and orbital altitude for the initiatives consid-
ered in this report,

There are few satellites that the initiatives place inside the radia-
tion belt regions, not only for the-obvious reason of radiation sensitivity,
but because of the reason that altitudes below a thousand miles are only
used because optical sizes, antenna sizes, or RF powers become out-
landish at greater altitudes. If, on the other hand, those factors are
not limiting at medium altitudes, generally they will not be limiting at
synchronous altitude either. Another reason is that the number of satel-
lites required for continuous coverage of a zone or the globe decreases
with increasing altitude, but does so fairly slowly above a few thousand
miles altitude. Indeed, if a link can be designed for a few thousand
miles altitude, it usually can also be designed for synchronous altitude
obtaining many more benefits such as the lack of a need for tracking
antennas, etc,
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E-1007

The specific technology needs which are called for in the initiatives without
any weight given to type, application, or function, are shown in this graph with one point
representing the requirements of a given initiative. One initiative may give rise to more than
one point on different graphs.

The dashed lines for each vertical graph represents today's rough state-of-the-art
of the technology. It is seen that optical sizes called for are generally much larger than those
supported today. The average power of lasers called for, however, is usually not in excess
of that which has been experimentally proven today, except for one or two initiative cases.
That is also the case for pulsed lasers where today's state-of-the-art is entirely adequate,
provided the lasers are space qualified. Much more precise pointing accuracy is required
than that demonstrated today.

In the RF antenna sizes, there is a dramatic call for much larger sizes than that
supported today. This is also true of the number of simultaneous beams generated in an RF
antenna, although the number of beams called for does not represent a great increase in the
technology, it simply has not yet been done in space. The RF transmitted power in almost
every case is higher than that demonstrated to date, although in only a few cases does it
require new technology, since in many cases it can simply be achieved by paralleling devices
fairly well understood today. Many of the raw power requirements are below those which have
been demonstrated in Skylab to date, although in a few cases, such as in the solar power stations,
clearly much more power is required. This is also true of some of the laser-powered devices
in orbit, where raw power in the order of a few hundred thousand to a million watts is required.
This graph gives a.direction for the technology developments which are needed to accommodate
the group of initiatives as a whole, though do not reflect the worth of any initiative or group
over any other.
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SUMMARY OF TECHNOLOGY NEEDS
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E-1002

technologies required to support the initiatives identified in the first part of the work, An
introductory discussion of the common aspects of the building blocks and technology is also

presented.

The following sections discuss the building block subsystems, systems, and
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BUILDING BLOCKS/COMMONALITY
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E-0977

The different types of commonality which apply in this task are illustrated on the
facing page. These specific types of commonality were considered in developing a list of
building blocks and technologies which will be identified for each initiative, in order to determine

the common requirements hetween sets of initiatives,
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COMMONALITY ASPECTS FOR SPACE SYSTEMS

COMMON PROCEDURES [N $PACE B,

SYSTEMS'LIFE CYCLE

COMMON SUPPORT - SPACE SYSTEMS
OR GROUND FACILITIES

1. Research for program

2. Technigue tests, some in space

3. Fabrication and assembly suitable for
space environment

4, Functional initialization

5 Routine maintenance

6.  Repair

7. Modification

8 Resupply or replenishment

9. Function termination

0.  Removal

1.  Research
Earth labs
Space labs
2. Technigue tests
Space flight tests
Universal space lest bed
3. Fabrication and assembly
Ground facility
Space facility
Proximity system
Specialized fabrication
Assembly techniques with
standard conneclors
Assembly with specialized connectors

COMMONALITY OF SATELLITES D.

COMMONALITY IN SPACECRAFT SUPPORT
FUNCTIONS

1. Single satellite - multiple user.of
same function

2. Separate identical satellites for
different users

3. Different satellites, common subsystems

4, Different satellites, but with elements
of common technology

5. Different sateilites but common
procedur es in life cycle
(see category A

Structure )
Electric power management
Thermat control

Pointing systems
Command and control

Data processing
Observation sensors
Communication of data

e NS A I A o
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This is the first of eight foldout tables in which the building block and technology
requirements for each initiative are identified. Each table represents a set of initiatives
categorized by whether it is military or civilian, and observation, communication, support,
or weaponry. Each initiative is identified by code number and by a functional name. The
building block and technology requirements are compiled from the initiative descriptions.

The transportation blocks include those candidate vehicle requirements to place the
initiative into low orbit, to transfer it to high orbit if required, and to perform on-orbit opera-~
tions including servicing, assembly, and/or special payload maneuvering if extensively required.
In the building block categories, an X is placed in the matrix where a requirement appears to
exist, If there is no clear choice among the various candidates identified, a C is put in those
columns between which there appears to be a choice. In general, maximum utility was made
of the Space Shuttle, with the large launch vehicle being shown as clearly required only if the
number of flights needed to establish a given initiative exceeded several hundred. More specific
ground rules which were followed in preparation of these matrices are detailed in Appendix B,
as are the performance capabilities assumed for the various classes of boosters and stages.

The technology items identified include the mission equipment, satellite housekeeping
equipment, and support equipment technologies. Only those technologies in which unusual
requirements could be identified, or where the state-of-the-art does not clearly fill the needs of
the initiative, are marked. Blanks exist in those areas which can be met with today's
technology or with reasonable near-term engineering developments.,

The category column refers to a general risk categorization, where a numeral 1 refers
to near-term technology which can be developed with low risk, A numeral 2 refers to far-term
technology, where the engineering developments are expected to be long, costly, and risky, but
are based on phenomenology which is reasonably well understood, or where no great surprises
are expected; and Category 3, where the risk and length of development depend on the outcome of
more detailed phenomenological investigations, which could swing the initiative into Category 1
or 2, or reject it entirely.
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The next 19 sheets provide in summary form the building block and technology
requirements abstracted from the past eight matrices for each class of initiatives. The infor-
mation is presented in bar graph form, showing the incidence of the number of initiatives in
each class which show a requirement for each building block or technology. Where the bars
are solid, they indicate hard requirements as collected from the initiatives. The empty bars
indicate that a choice existed between candidates for the same class of function. For instance
the Shuttle and the large launch vehicle vie for the same mission. In the first case, the Shuttle
is shown to be required in 10 out of 21 initiatives, and possibly required in all 21, with a
choice possible in 11 initiatives between the Shuttle and the large launch vehicle. The solid
part of the bar then represents a minimum requirerment, and the top of the bar a possible
maximum. Again, there is no weight given to any of the initiatives over any others, and all
are assumed equally important, equally feasible, and equally desirable. .
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The next two pages combine the military and civilian initiatives performing the function

of observation, 'so that some idea can be generated of the commonality expressed in the require-

ments by the initiatives in this class,

290




z LIKELY

D PQSSIBLE

BY| <.H_uazu

$d3s,
398V

£d35
1

|
“IVOINIHD,
i

H H__o.é 0.0_ 0.0

LINN ONIDINYES
"OLVYHIJO3[IL

LNMONIDIARAS
GANNYA

[NNNNNNANN

Buiiding Block Requirements
MILITARY AND CIVILIAN OBSERVATION

2 e e e e e e e e e e e e e

LIND ONIDIANES
Q3 LYNOLNY,

HOLVINGINYAN
Q3HOVLLY 31LLNHS

"UVITONN

"§d 3§
UV

* §d3%

antL
329v1

ont

AT

T OALANHS

31aYAN3dX3
TIVNS

48
46 |-
42—
40—
38 |~
36—
KZH ol
32—
[Vl ol

50

—_— - - e e



Technology Requirements
MILITARY AND CIVILIAN OBSERVATION

293

D POSSIBLE

77
LIKELY

i}
7z
g

NOILVLS 30vdS
GINNYA

ONIDIAY3S
. 30vds

NANNNNANNNN

ANGNESSY
.32¥d5

o
S

NOILYDHNEY S
30vds

[ENNENEN N AL RN RN

3L17731Vs 1531
AVSHIAINN

NN RN RN NN

AYOLYNOEY]
HO¥v3asay

NOlLnalYis1g aNY
TOHINOD ¥3MOd

AANANAARNRRNRY |

ONid3aN |’

NOILY.LS

TOYLINGD
agndiily

ONISSIO0U
viva

D% L1l

NOILYOIAYN ONY
3ONYAINDS

AOULNQD
TYNUIHL

JWNLONYLS

HILLINSNYYL
4y 3oy

Y3svi
E Ll

ADYAN3/H3IMOd
HOIH

YNNAINY
20UV

§211d0
30uv¥7

50

48 |—

a6

44 —

g2

40-—.

28 [t e e e ke o e e e e e P e P ]

38—
36—
3
R
Kl o

_em el = =

PRECEDING ‘PAGE BLANK NOT FILMED



E~1619

This page summarizes the building block requirements for all the initiatives in the
catalogue. It is seen that the Shuttle and Tug are required by a large percentage of all the
initiatives identified, with the large launch vehicle being required in about ten percent of them.
The choice between candidates for the upper stages and servicing units is not at all clear; but
it is clear that either a Large Tug, a SEPS or a Large SEPS appears to be required in at least
half of the initiatives, and that some sort of a servicing unit, whether it be automated, manmed,
or teleoperator also appears to be required in about half of the initiatives.
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{U) This page summarizes the techinoldgy requirements for all initiatives in the catalogue.
‘Only those requirements which are unusual or cannot be met by today's technology are identified -
in this graph. Space servicing and space assembly, structures, thermal control, attitude
control, and stationkeeping loom large as technology requirements needed by a large percentage
of the initiatives. Thé use of a research laboratory and of universal test satellites is also shown '
to be advantageous. High power, large optics, and large antennas, along with attendant power
control and distribution problems, are shown to be required in about a quarter of the initiatives.
The numerical values associated with some of these technological requirements aré shown in
Vugraph E-0976,

(U) The initiatives requiring space assembly include most of the large structures,

most of which either require or would greatly bencfit from manned assembly as well as manned
initialization of functions. The servicing likewise could benefit from manned attendance at

any altitude. Space fabrication of the very large but relatively flimsy structures from more
dense stock which is matched in densily to that of the Shuttle bay may also benefit frorh manned
attendance. Some of the manned operations would be performed by teleoperator, though it may
be advantageous to have man in space for the more complex tasks. A number of initiatives
clearly benefit from the presence of man then; either in assembly, initialization, or servicing;
and some even in the operation phases. Therefore, a requirement for a building block of some
sort of a habitat or space station is implicit in order to house the crews to perform these

functions.
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A number of observations can be made at this stage of the study: As evident by the
large number and scope of the initiatives in the catalog, the advances which are possible in tech-
nology by the year 2000 could permit the fielding of many far-reaching initiatives, as well as
numerous initiatives requiring a more modest growth in technology. These initiatives could have
great impact both in the military and civilian areas, ahd show a great deal of relevance to the
goals and functional requirements identified in the early part of the study.

In the civilian area, many initiatives have been identified which clearly could contribute
towards solution of the many great problems facing the U.S. No single program of the emotional
impact of the Apollo prograrm has been identified, though a number of initiatives taken in combina-
tion could have a significant and lasting impact on the U.S. society. The civil initiatives show a
complete correspondence to the functional requirements identified earlier in this study. Even
though the most important initiatives in terms of their potential impact both in the military and
the civilian area are those which are labeled "far-term'', meaning that the research and tech-
nology base would probably not allow their fielding in an operational sense prior to the 1990s, the
technology demonstration and phased testing of many of these initiatives could materially contrib-
ute to the makeup of near-term program plans, and would not require commitments to field such
large programs a-priori. Many of the far-term initiatives identify directions for research and
technology programs which could lead the technological community along those directions which
appear to have great payoff in the future.

It is clear that man must be present and will have a role in many of the initiatives which
appear to be of great impact. In the very large space structures which appear in many initiatives,
man's role appears vital in initial fabrication, assembly, and reconfiguration of the structures,
antennas, optics, and complex systems. He must be in space and present on the job in order to
do this. Although the maintenance and repair function could be performed by automated servicing
units, and though no tradecffs have been performed, the complexities of the task are very large
and man's flexibility and adaptability will probably be required in space for servicing. Though
there are few initiatives identified which require a man to be in space and operate the space sys-
tem, there are many in which he must be in the loop, but he could very well be in the loop as a
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OBSERVATIONS

GREAT ADVANCES ARE POSSIBLE IN TECHNGLOGY, PARTICULARLY IN
VERY LARGE OPTICS, ANTENNAS, LASERS, DETECTORS, AND tS1 PROCESSORS

THESE TECHNOLOGIES WILL ENABLE FAR-REACHING INITIATIVES, N ADDITION
TO STRAIGHT-FORWARD EXTRAPOLATION OF CURRENT PROGRAMS

FAR-TERM MILITARY INITIATIVES HAVE BEEN IDENTIFIED WHICH COULD
MATERIALLY ALTER THE STRATEGIC AND TACTICAL BALANCE OF POWER

FAR-TERM CIVILIAN INITIATIVES BAVE BEEN IDENTIFIED WHICH COULD MAKE
SPACE RELEVANT TO THE COMMON MAN-IN~-THE-STREET, AND WHICH COULD
CONTRIBUTE MATERIALLY TOWARD SOLUTION OF MANY OF THE PROBLEMS
FACING THE U.S.

PROGRAMS OF TECHNOLOGY, DEMONSTRATION, AND PHASED TESTING OF
MANY OF THESE CAPABILITIES COULD CONTRIBUTE SUBSTANTIALLY TO
THE MAKEUP OF NEAR-TERM PROGRAM PLANS

ROLE OF MAN APPEARS VITAL

- INFABRICATION, ASSEMBLY, MAINTENANCE, AND RECONFIGURATION
OF VERY LARGE STRUCTURES AND ASSEMBLIES IN SPACE

= AS TELEOPERATOR, LOCATED IN SPACE OR ON THE GROUND

GREAT COMMONALITY IS EVIDENT IN THE TECHNOLOGY AND BUILDING BLOCKS
TO SUPPORT THE NASA AND DOD INITIATIVES
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teleoperator located on the ground, Man's role in the first instance has 1mp11c1t requirements for |.
some sort of long-term habitat in space to house the working crews., This fits in nicely with the
eventual use of space for establishment of colonies which, though beyond the cut-off date of the
year 2000 for this study, implies a requirement for space stations to perform reséarch on long-
term, closed-cycle environments. Thus dual-use could be made of the space stations which will
be required before the year 2000, to assemble and serv1ce some of the large initiatives in this
catalog, while performing inherently the research on long term closed cycle working énviron-
ments. -

, There also appears to be a good deal of commonallty in the technology and building
blocks required to support many of the .applications betweeén theé militaty and the civilian areas,
This is true for the near-term as wéll as the far-term initiatives identified. Even though the
deta.11ed analysis of the commonalities will only be éxplored during thé second half of this study,
it'is clear that many bulldJ.ng blocks and technologiés will be needed in common.
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The remainder of the study will develop several alternative program plans matching
several alternative scenarios of future needs, and then for each program plan, the specific tech-
nologies and building blocks required will be identified as a function of time. Those needed in

common between NASA and DOD for each scenario will be discussed in more depth, Since some
of the scenarios will utilize mainly near-term initiatives, they will surely represent lower risk

statements of commonality, rather than commonality based on far-term initiatives called upon in
scenarios which will be very optimistic about utilization of space. Both types of scenarios, and
At the end of the pro-

resulting commonalities, will be explored, as well as in-between cases,
gram, common building blocks and technologies needed will be relatable to the choice of scenario

desired. Methodologies will also be presented to allow such choices to be made by anyone wishing

to construct scenarios other than those in the report.
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PROGRAM PLAN FOR REMAINDER OF FY 75

COMPLETE ALTERNATE ENV [RONMENTS/SCENARIOS
DEVELOP METHODOLOGY FOR CHOOSING INITIATIVES FOR ALTERNATE PROGRAMS

LAY OUT ALTERNATIVE PLANS; EXTRACT BUILDING BLOCK AND TECHNOLOGY
REQUIREMENTS FOR EACH PLAN

DETERMINE COMMONALITY FEATURES IN EACH PLAN
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APPENDIX A

FUTURE ENVIRONMENTS, GOALS, AND
SPACE FUNCTIONAL REQUIREMENTS

~ This appendix p_:l;'esents the work done to date on determination of
the functional requirements which could be placed on space systems by the
environments likely to exist in the period 1980-2000. A "most likely" fore-
cast is made for both the civiliaﬁ and military environments, and presented
herein, Variations will also be derived, both more optimistic and more
pessimistic than that presented in this appendix, and submitted in the course
of the next phase of the activity. ’

This appendix is divided into two sections, the first of which

addresses the civilian and the second the military environments, goals,

and space functional requirements,
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FUTURE ENVIRONMENTS, GOALS AND
SPACE FUNCTIONAIL REQUIREMENTS

CIVILIAN AREA
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INTRODUCTION

1.  PURPOSE

As a basis for planning for the 1980-2000 period, we should have
a reasonable set of goals for the civilian space program of the country.
Three intertwined questions are involved in determining these goals --
what the country really needs, what the country desires to have, and what
technology and nature are capable of delivering. This appendix attempts
to make some contribution towards answering the first two of these ques-
tions. The technology potentials were discussed to some extent in the

body of the papei'.-

2. METHOD OF FUTURE HISTORIES

If we had the benefit of hindsight and could look from the vantage
point of knowledge of the state of the world in the year 2000, we could con-
struct a reasonable set of goals, Therefore, we have used the method of
creating a synthetic future, and then employed our hindsight on it, This
synthetic future is the main subject of this appendix.

In creating this future, we have predicted both general trends and
a general pattern of events. The general trends were chosen because we
believe that they have high probability of occurrence. The events, however,
were chosen to give a concrete realism to our view of the future, and not
because they necessarily have high probability of occurrence in their specific
form. Our method is thus a combination of the historical scenarios approach
and trend discernment, In a pure scenarios approach, a variety of scenarins
would be examined and appropriate goals for the civil space program would
be constructed for each one. Goals common to many scenarios would then
be selected as having geﬁeral validity and high probability of being reason-
able goals for the future. The variety of scenarios was not explicitly con-
structed in our study, although they were implicitly considered. The trend
discernment is in part some blurred statistical consideration of probable
scenarios. '

Future trends and scenarios always evoke more controversy than
consensus, and our predictions will not be exceptions. But the use to be
made of the predictions should be considered before fully fueling the heat

of controversy. We have the limited aim of determining goals for the U. S,
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civil space programs, rather than the.general aim of planning for the
whole future of society. Specific predictions and even some trends serve
their purpose for our ends in forcing us to be concrete and realistic in

selecting goals, instead of merely relying on general principles.

3. CATEGOR]'_E_S

In our description of the future, we distinguish the following cate-

gories:
1. = Political 5. Institutional
2. Economic 6. Intellectual
3. Technological 7. Emotional
4, Cultural 8. Spiritual

For this appendix only the first four categories have been considered in
detail, but the last four had been kept in mind in the selection of goals for
the body of this report. In each category, although a broad range of topics
is discussed, a part':iva,l pre-selection has been made emphagizing those sub-
Jects which directly affect the space program or the willingness of the
country to accept it.



POLITICAL

I. GENERAL

The continuation of the American system of federal goverament
in essentially unchanged outward form seems the most reasonable pre-
diction through the year 2000 at least. This prediction is not just an ex-
pression of hope, but a realistic evaluation of potential changes. The
outward form of the American system permits, and indeed encourages,
changes in the actual responsibilities and functions of government suf-
ficient to adapt the system to the changes of the future world. Therefore,
the U.S. political democracy exercised through a representative repub-

lican governmental form under an established constitution and system of

statutory laws sl_louid persist, but the roles of institutions will be changed,

as will the customs and the accepted modes of governmental action.

Whatever the specific form, a greater and more intimate inter-
action between the individual and the federal government is expected,
with government being more responsive to individual needs, and individ-
uals more critically affected by many government actions. The space
program in particular will exhibit this interaction to an unusually high
degree.

2, THE PARTY SYSTEM

Basically the two party system should continue, and the party
system itself should continue to play its role of cha.nnelin;g peolitical activ-
ity. The following elements in a future scenario are preser'lted as a con-~
crete and reasonable possibility, but by no means a unique prediction for
the future. However, the central conclusion drawn from this scenario

will be independent of its details,

2.1 Republican Party

This party will contract in size and become more homog-

eneous in political philosophy -- really coming to represent big business

and conservative interests,
r

2.2 Democratic Party

This party will be '"babelized' as it takes up groups of all
shades of political philosophy from right to left, and many special interest

A6



groups. Party policy will be changeable as labile coalitions form and

break up.

2.3 Other Parties

There will be a succession of ''third parties" as political
crises dictate or opportunity provides, mostly of populist orientation,
Also there will be perrenial "crank' parties, with total strength growing
to between 5 and 10% of the population, These parties will be based upon
a single emotional issue (as for example the prohibitionists today). In
some local governments the crank parties may actually hold the balance

of power,

2.4 Demagogues

A succession of demagogues is foreseen -- most quite un-
believable. But the perceived threat to traditionalism will be exaggerated
compared to their real threat, and the demagogues will exert an exaggerated

negative influence on the direction of the policies they espouse.

2.5 Tentative Conclusion

Whether the above specific predictions materialize or not,
we feel that the 1980-2000 era will see a very much more complicated in-
ternal and external picture in party politics. The party struggles will tend
to interfere with orderly and rational progress in government, more par-
ticularly at local and state levels, In state legislatures, the fraction of
seriously considered legislative proposals that are enacted into law will de-
crease markedly. In the federal government, this fraction which is already
very low, will decrease somewhat more. Such muddling will result in an
erosion of confidence of the public in the legislative branches of the govern-
ment, ‘and in the party system. Little effect is seem, however, on the con-

fidence in the executive and judicial branches.

3. ROLE OF THE PRESIDENCY

3.1 An Institutionalized Presidency

The presidency becomes well institutionalized with a struc-
ture established by legislation. The institution will resemble, to a consid-
erable extent, a military general staff, with loyalty to the President and
obedience in carrying out orders equally important to wisdom in planning or

in establishing policies.



: The institution of the presidency will have a life of its own,

abstracted from that of the President himself, Changes in the personality
of'the President, and even of the party of the President, will have a dimin-
ished effect on executive policies. In some administrations the Presidert
could be a ceremonial figure, in others a planning force, in others a man-
agement center, and in others a political power, but the presidency itself
will operate to a considerable extent unchanged by the specific capabilities

or interests of the President.

3.2 Computer Programs as Power Sources for Presidency

The presidential staff will have complicated computer simu-
lation programs and data processing programs as planning and administra-
tive aids, These programs will persist from administration to administra-
tion and provide a continuity of capability despite personnél changes. Many
decisions will be fore-ordained by the nature of these programs -- or by
the lack of them, Particularly significant will be the programs concerning
the budget, since no governmental department will have as far-reaching a
capability as the.presidency in the overall budget. Complete new budgets
in every detail will be producible by computer program within one houxy and
variations on the budget will be routinely used to arrive at staff decisions.
Budget analysis and synthesis routines will be so well developed, that pro-
gram content and interrelations of programs will be appa'rent to the presi-
dency whenever its interest is sufficiently aroused to raise-the question.
Presidential supervision of the executive branch will increase and independ-

ence of the governmental departments, particularly the DOD, will decrease.

3.3 The Constituency of the Presid'ency

The President will utilize a national éonstituency on a con-
tinuing basis., By mass communication, he will advocate programs and
policies., By opinion sampling techniques he will be responsive to public
reactions. The presidency, more than the Congress, will be responsive to
individual public opinion, and the President will use this public support to
influence the Congress. (Special interest groups and local constituency will
directly influence individual congressmen and senators in local matters, but
will not have a strong influence on the President, )

The presidency will have a specific parochial interest in

space programs which give it the technology to communicate with and sam-
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ple its constituency. But the space program will not be considered ag a

vehicle for popularizing the President,

3,4 Presidential vs. Congressional Initiatives

In this area, future history will have branch points depend-
ing on the relative strengths of the institutions of the presidency and of
congress (but not so much on the ‘strengths and personalities of the
individuals in the institutions.)} Some generalities, however, may be in-
varient,

The President will be innovative in specific issues and on
minor policies, and the congress will follow the presidential lead in them.
For example, an international program for a cooperative communications
satellite network could be instituted by the President, and Congress will
ratify the program by providing funds without searching questions on policy.
However, it will be Congress, not the President which will decide major
policy matters -- such as the decision to embark on a development program

leading to space colonization,

3.5 Long Range Planning by the Presidency

Currently administration policies are focused on payoifs
within the administration lifetime, 4 to 8 years., This focus will remain,
But more and more the presidency will use computer models to test effects
of policy decisions. The models will in fact be capable of aiding plans beyond
the 8 year horizon, because the model builders will be professionally moti-
vated to make their codes so competent. The President, therefore, will
have predictions on long range effects, and,on many occasions, he will champion
prz)grams on the basis of 10-20 year accomplishments. In the complicated
era of the 1980~1990, a President may have difficulties in g‘etting public
sympathies for short range programs that, while needed, will be disagree-
able, and the President may therefore appeal to long range programs which
can give a charisma to his office. Bold space programs will be of that
nature. As a soft conclusion, we feel that short range space programs to
be supported by the President will neeéd economic or social service justi-
fication, but long range programs can be visionary and appeal to some emo-
tion about the ultimate destiny of the human race.



4. ROLE OF CONGRESS

4.1 Constituency

The individual citizens in each district will become the most
important constituency of Representatives and Senators. The congressmen
will have increased access to their constituents through mass communica-~
tions., They will have increased responsiveness through extended use of
sample polls, and possibly fairly large scale straw votes. Election cam-
paign reforms will lessen the dependence of congressmen on money contri-

butions from organized labor and business, and will reduce the influence of

¥

these groups on congressional policies.

4,2 Information Flow to the Public

Congress as a body, and individual congressmen, will be-
come very important agencies in getting information from the executive .
(and to a small extent the judicial) branch of the government to the general
public. The government will become more public service oriented so it
will have more information of direct value to the public. The political
power of consumerism will be an effective mover in getting this information
out of the government. The space program in particular will operate in a

'"goldfish" bowl in the future, as in the past.

4.3 Data Management in Congress

Congress will adapt compui:er data processing aids in many
areas, but particularly in its budget work., Much more detailed and exten-
sive data is therefore going to be requested by Congress from the executive
branch. The executive, of course, will also use extensive data processing
routines., To some extént and in some spirit, the information relation
between Congress and the executive will be by computers talking to each
other, ‘

In the complicated world of the future, information control
will mean power, and the computer evolution will mean a more even distri-
bution of information between the executive and the Congress and a shift in
the power derived from control from the executive to Congress,

Congress in the future will develop measures of effectiveness
for policies and programs -~ with the aid of computer data processing they

will monitor effectiveness., Future appropriations will depénd upon
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effectiveness to some extent, although public acceptance of performance

will still be the guiding principle, and that will still be emotional.

4.4 Long Range Planning and Advanced Programs in Congress

Society will face large new problems in adjusting to the
complicated world of the late 20th century, and Congress will have to pro-
vide many new legislative initiatives in an effort to solve them. There will
be new landmark legislation comparable in kind but much greater in the mag-
nitude of their effects to the atomic energy and space agency legislation of
the middle century.

As in the case of the presidency, computer modeling under
Congressional auspices will be used as a tool for testing legislative pro-

posals, and long range planning will have a significant impact on legisla-

tion.

4.5 Space Legislation

Congress will balance the needs of the country, formulate
the advanced space plans and set up appropriate agencies for their execution,
In discussing future legislation, however, no well designated roadway is ap-

parent, and so a variety of branch paths will be suggested. The following
are some of the possible branches,

(1) Commercial Exploitation of Space

A NASA like organization will be maintained for re-
search and exploratory development of space equipment and
of advanced ideas for space exploitation. But the major ex-
ploitation will be by commercial corporations -~ communica-
tions corporations for communication links, TV broadcasts,
computer data links; industrial corporations for earth re-
sources 1nformat10n, DOD for m1111:ary applications but via
its defense contractors, etc.

A second regulatory body analogous to FAA will see

that,.in the public interest, proper standards of safety and per-
formance are attained,
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(2) Common Carrier

NASA will have a common carrier role in space, putting
aloft and maintaining all payloads, and providing ground serv-
ices. However, NASA will not be responsible for the perform-
ance of the payloads, and will have only a small veto role in

selecting them,
(3) NASA as R&D Arm of DOT

NASA will be attached to the Department of Transporta~
tion. It will have enlarged responsibilities as the research
and development arm of this agency, and will becone involved
in ground transportation as well as air and space transport,
although the latter will then be deemphasized. .Considerable
emphasis will be placed upon space activities as a support to
ground transportation systems. Space exploration will be

transferred to the National Science Foundation,
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ECONOMIC

1. THE LABOR FORCE

1.1 Numbers

The number of people in the U.S. working force will increase
over the current level at a faster rate than the population increase. This
increase will be due to the population age distribution, with more young per-
sons moving into the employable years than old people moving out, and to

the influx of a larger proportion of women into the working force.

1.2 Hours of Employment

A well based prediction for a decrease in mean working hours
cannot really be made. There are forces tending towards a sﬂorter nominal
working week, for example by craft unions, but very often the shorter hours
are supplemented by overtime at increased rates, so that the actual average
work week remains unchanged. Furthermore, if shorter working hours becom:
the rule in the future, we expect more "moonlighting" by individuals, and more
personal business carried out in spare time. The actual contribution of pro-
ductive hours to the total economy per man may just as well remain unchanged

as the nominal work week is reduced.

1.3 Level of Employment

Full employment will be accepted as an economic goal as well as
a social need and political necessity. The U.S. will be involved in inter-
national economic competition and just will not be able to stand the loss in
production due to low levels of employment. In one way or another, appropriate
institutions will be developed to attain full employment most of the time. Small

amplitude cycles of unemployment will, however, persist.

1.4 Labor Effectiveness

Labor effectiveness depends upon training and capital investment
‘per man, and on motivation of the worker. Roth pre-job training in our edu-
cational institutions and on the job training in industry will become better,

particularly for jobs requiring a middle level of skill. Capital investment
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per man will continue to increase exponentially. But motivation may be un-
certain in the future. The U.S. culture is in a transition from a system of
traditional small rewards largely internalized, to a system of large external
rewards, and how this change will proceed is not known, although itis sure

to be temporarily disturbing.

1.5 An Economy of Surplus

The labor base for an economy of surplus will certainly be avail-
able--a surplus larger than those we have already known. In the past, the
times of surplus have been times of intellectual and spiritual progress, and
this could be so in the future. Large space programs, with intellectual and
spiritual payoffs, rather than economic return, are in principle possible in

such an economy.
2. CAPITAL

2.1 Effectiveness of Capital

In new and high technology industry, capital investment pays off
at a much higher than linear rate in productiv;ity. We foresee a substantial
portion (1/4 to 1/3) of U.S. industry in this category in the 1980-2000 period.
In established industries, the payoff for capital investment appears to be almo:
linear at present in the U.S. But most industry is still undercapitalized, and
in the future, rather than seeing the effects of diminishing returns, we predict

a continued linear increase in productivity with capital investment.

2.2 Supply of Capital

Capital, of course, results from the excess of production over con
sumption. The U.S. itself will continue to be the greatest source of capital
per capita in the world, and a very large source in total. In the remainder of
the industrialized world, we predict consumption to increase relative to pro-
duction, particularly as the Soviet Union and Japan move away from strict
austerity, and concentrate more on consumer goods production. The poorer
one-third of the world will continue to consume at a level which matches or
exceeds their own production, and will be a sink not a source of capital. The
middle third of the world may go either way--accumulate or dissipate capital.

Their net contribution to the supply will be small in any event.
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2.3 The Capital Market

In the capital market, the future picture appears to be a disturbed
one--the only sure prediction is that the market will be much more complicated
than it is today. Internationally, there will be formidable barriers to the free
flow of capital, and so the world will have a managed rather than a free market,
China appears strong enough in political structure to keep its capital resources
internally, and of course she has good use for it there. The ‘same pattern is

predicted for the Soviet Union.

A significant effect in capital distribution is caused by the cartel
action of the petroleum producing states. Per year, the excess capital flow
due to cartel action is about $50 billion, about comparable to the increase in
GNP of the U.S. There will be some tendency to put this capital in exactly the
same place as it would have gone anyway. The net result would then be a trans-
fer of ownership, but no change in the pattern of production. On a worldwide |
scale, we predict little change, in fact; but on the local scale of the individual

oil-producing states, the changes will be marked, as the wealth of these states

~

increases.

Great capital resources will be in the hands of governments, and
governments can make their own capital distributions dependent upon political
and social aims, not only economic returns. In the U.S., local, state, and
national taxes amount to about one-half the GNP, and the resulting concen-
tration of capital is larger than that of any other source. We predict that wise
manipulation of this capital will stabilize the entire capital market, smooth out
effects of business cycles, and provide needed balance between long range goals

and immediate needs.

2.4 Level of Capital Investment in the U.S.

We foresee an adequate supply of capital provided by surplus pro-
duction, an incentive for its investment because of its effectiveness in increasing
production in the U.S., and a confused market, stabilized by.government actions,
to direct the flow of capital into productive or socially desirable channels.
Capital as well as labor, then, will play its role in the U.S. in producing an

economy of plenty.

A-15



3. RESOURCES

3.1 Energy
Basic energy supplies for the U.S. and the world are good for the

1980-2000 period, and there is hope in technology for rich energy sources for
the conceivable future. But there are current problems in energy distribution
and in the forms of energy readily available. This discussion will be focused on

the U.S. energy position.

~ The U.S. is richly endowed with coal, so richly in fact that our coal
could supply our energy needs for hundreds of years. The coal industry, how-
ever, has been neglectéd in the last 20 years due to the availability of inexpensive
domestic natural gas and plentiful supplies of cheap foreign oil. Our reserves
of natural gas are now small, and they can furnish only a minor contribution
to our energy supply between 1980 and 2000. Oil and coal will be our major
sources for basic energy during this period. At present theré is restricted
interchangeability in their use. But technological developments on a ten-year
time scale will enhance this interchangeability. Large stationary plants can
be converted rather readily from oil to coal with proper attention o cleaning
up stack wastes, Small heating plants for home and office space heating cannot
so easily be converted, and the hope here lies in coal gasification. We predict
a vigorous and economically successful program of coal gasification leading to
interchangeabiiity of coal for oil at the oil price of about $6 per barrel (1975
values) by 1985. Thereafter the price of gas from coal in terms of man hours
U.S. labor equivalents should drop steadily, as the entire coal industry is

modernized and gasification is simplified.

Oil is truly scarce compared to coal or uranium as an energy source,
but it is plentiful and cheap to produce on the scale of the world demand to the
end of the century. The cheap oil supplies will be exploited rather than saved,
and oil will continue to be consumed voraciously for transport .uses-—mainly by
the private automobile powered by the internal combustion engine. The present
price of oil is artificially high ($10 per barrel) because of t};e cartel practices
of the organization of petroleum exporting countries, OPEC. We expect the
price to seek its level with competitive energy supplies almost on a joule for

joule level (about $6 per barrel), but, since the resource is scarce, the price
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will not go down to the cost of production (which in the rich Arabian fields is
only a few cents per barrel). Finally, beyond 1985, the price of oil in units
of U.S. man hours will be essentially the same as in pre-OPEC manipulation
years. Therefore, cartel operations will result only in a temporary shift in

energy related economic activity.

Increased industrial use of energy can be mainly supplied by
expansion of our nuclear reactor capacity, as converters at present, and as
breeders toward the end of the century. Beyond the year 2000, advanced
technology should open up unlimited energy supplies. Candidate sources are
coal, fission converters and breeders, hot rock geothermal energy, solar
energy, and thermonuclear energy via magnetically confined plasmas or laser

implosion fusion.

3.2 An Energy Supply Cycle?

In principle, there is a bountiful energy supply in the future for
the entire world and more particularly for the U.S. However, there is a mild
shortage in energy avé,ila.bility at present,which is likely to worsen. Energy
demands are widely distributed by types of user, while energy supplies are in
quite concentrated hands. Expansion of supply has a time delay of from 3-10
years with current oil, coal, or nuclear sources. Really new technology takes
from 10-30 years to make itself felt. The Hme delay can lead to a cyclic
instability of energy supply vs demand. At present, users are economizing
somewhat on energy consumption, while suppliers are expanding production.
But it will be about five years before increases in capacity make extra energy
available. Because of repressed demand in the interval, an oversupply will
then be available temporarily. Since energy supply is a capital intensive
business, once capacity is installed there is high incentive to force use of it.
Hence, demand may expand and indeed overshoot in taking up the surplus.
We do not have any relevant experience in handling this possible energy supply

cycle, but we anticipate considerable difficulty and dislocation of economic
effort.

3.3 Effects of Energy Supply on Space Programs

Space programs use little energy for the capital expended, in contrast

to'most consumer goods industries. Many of the space program economic payoffs,
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however, are in more efficient management and use of resources which can
save large amounts of energy. On a rationale basis, therefore, times of energy
undersupply should be times for expansion of the space program, other things
being equal. (A similar comment could be made for the industries in which

information is the main product, such as the computer industry.)
3.4 Materials

There are two different types of materials whose short supply
might limit industrial growth in the U.S. ~-- one the relatively rare materials but
critically needed in small amounts, such as alloying elements for ferrous alloys;
the second, relatively common materials needed in huge.amounts, such as aluminum
or iron itself,

For the relatively rare materials, we believe that materials science
will develop to the point where a large number of substitutes will be found. The
total amount of such materials is small, so that even a significant increase in
price will not cause any large economic dislocation. '

The shortage in common materials is due to the fact that we are
using up high grade ores, not due to any lack of the basic materials. Technology
is or will be readily developed to extract materials from low grade ores, but at
a cost in energy which will be proportional to the mass of material that must be
handled. Material shortages then will be one aspect of energy shortages.

Two circumstances will ameliorate the materials shortages in the
1980-2000 period. Although the U.S. will deplete some of the high grade ores,
other deposits probably will be found, if indeed they are not already known,
in the less well explored areas of the world. Satellite surveillance may be a
great aid in their location, While raw materials cartels like OPEC are possible,
they are not really likely, and the U.S. should be able to assure supplies from
foreign sources on a reasonable cooperative basis. Here agaiﬁ, space programs,
including the discovery of the resources through space surveillance, can be an
important ingredient of this international cooperation.

Secondly, we may start to "mine" our waste products which are in
fact high grade ores.for most common materials. The main trouble with waste
products as ores is that we are unfamiliar with their exploitation. The wastes are
found in far different locations than the natural ores, and we do not have refineries

at these locations. (However, the wastes are near the marKets of the finished
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products.) Furthermore since the wastes contain many unusual substances
not found in natural ores, m;w refining techniques must be developed to
separate the desired materials. The by-products in this separation will
also be valuable, however, and their recovery may actually pay for the

increased costs of refining.
4, INDUSTRY

4,1 Replacement of Capacity

The technological life of an industrial process before it becomes
outmoded will significantly decrease, as the rate of technological improvement
increases. The valid economic life of industrial capacity will decrease to
match. Replacement times of as little as ten years will be common, 30 years
will he towa.rd:s the upper limit even for very large capital-intensive plants.
The nation will then essentially renew its entire industrial capacity in less than

a human generation.

4.2 Expansion of Capacity

Although population growth will slow down, so that the demand
for additional capacity will be only about 25 percent due to increased population
by the year 2000, the demand per capita will increase much more than this.
By U.S. standards, today one third of our population is considered poor.
Satisfying the wants of this one-third fraction in the future will exert a large
expansion pressure on our industrial capacity.

The combination of replacement and expansion of industrial capacity
will be a stabilizing stimulant to the economic life of the country during the
rernainder of the 20th century.

4.3 New Industry

In the last 30 years, more than half by value of the products used
were unknown previously., Notable examples are TV, computers, jet aircraft,
special plastics. The time scale for newness will speed up in the future, and
the last 20 years of the 20th century should see capacity in new industry in the
U.S. equal to the entire present industial base. The growth in entirely new
industry will provide a new type of frontier for the U.S. But as a consequence,
some old industries will be pushed out by the new. America has had unusual

ability in the past to adapt to change, but this ability will be strained in the
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future, as the change cycle becomes more rapid than the human generation
cycle. We shall have to face the human readjustment problem as workers will
be required to have on the average two very different types of jobs in their
careers.

In the future new industry will provide a new base for the space
program, much more than the space program will provide new technology for
future industry, As a single example, computer hardware for ground use will
be developed in small low-powered units to obtain high speed operation and to
save on cooling requirements. These characteristics will be desirable and
adapted for space appli’cation, but the space application will not motivate the
development.

In contrast to the replacement and expansion of old industry
discussed previously, the development of new industry will be exceedingly
unsettling in economic life. New economic methods and new institutions no
doubt will be developed to restore a reasonable degree of stability. As one
concrete example, the U.S, already has developed a unique government private
industry relation in the exploitation of nuclear energy. Vaguely analogous
partnerships are predicted for other high capital invesﬁnent, long term payoif,
advanced technology enterprises. We see the federal government providing
the risk seed capital now in thermo-nuclear power. We predict this trend will
be enlarged in the energy field, and will be established in the field of trans-
portation. As a result, government support of a space program will no longer

be regarded as an unusual arrangement.

4.4 A Services Industrial Economy

The complexion of U.S. industry will gradually change during
the 1980-2000 period. Foreign countries will develop heavy industry capacity,
particularly Western Europe, Japan, and the Soviet Union, with the intent of
developing foreign markets. These countries will compete, to a considerable
extent successfuliy,- with the United States in supplying the remainder of the
world, and even in supplying the domestic U.S. market. While the U.S. will
remain a great heavy industry nation, it will not be preeminent. Mozre and
more of U.S. industry will be devoted to providing services for people, and
servicing capital and consumer goods already in hand., At present, costs of
service and repairs on the American automobile during its life about equals

the initial purchase price, or stated in another way, the yearly service cost
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averaged over the 10-year life, is about 10 percent of the purchase price.
Yearly costs of 10 percent for service of pur chased goods and capital
equipment for other articles may not be unusual in the future.

Personal services also will increase, as affluence increases our
demands for personal comforts. As a result, a large share of U.S. industry
will be "internalized" -- and serve just to keep the industrial activity in motion.
A system with high internalization of this sort becomes both sensitive to

disturbances and unstable.

4.5 Persistance of Unprofitable Enterprise

Already we have seen that enterprises like the post office, and the
eastern railroads are kept in business despite their failure to generate profits,
The U.5. is developing a set of values which go beyond the narrow economic
ones in judging the desirability of enterprises. This tendency we expect to-
expand. Unprofitable industries which Provide a desirable public service will
be supported in many different forms by the general public. It is predicted
that this support will be invoked for the people transportation industry, and
probably for freight transport as well, For industries of this type, space
programs may very well be acceptable in supporting roles even though they
will not be justifiable on strict economic grounds -- after all non-economic

value judgments will have been used in evaluating the entire industry.

5. AGRICULTURE

U.S. agriculture, because of the combination of rich soil, favorable
climate, advanced technology, and supportive government institutions will
be outstandingly productive in the 1980-2000 period and provide large surpluses
over domestic needs.

The farms will more and more become vertically integrated in fact as
well as in economic form -- they will be food factories with a systems approach
towards their product. As this happens, the food factory will be able to program
its output to even out seasonal and year to year fluctuations in the basic farm
products themselves. This will give stability in both supply and price structure.
Appropriate federal legislation will be needed to permit such ecomomic practice,
however, since integration might violate anti-trust laws.

The level of technology éctually put in use in farming will be considerably
greater than that of the best farming practice today, but more important, high
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technology farming will become much more widely spread. The farms will

be receptive to government supplied technological information for improved
production, and will come to rely upon short range and long range weather
prediction. On its part, the.federal government will continue to regard

farming as an essential industry and will give farming extensive support, in

the form of technology aids at the least, in outright dollar subsidies if necessary,
This precedent for government involvement with the farm will make it easy to
justify expensive space programs in support of agriculture, even when, at least
in the short run, the programs are not economically justified.

U.S. farm exports will become an important element in international
policies in an overall food-tight world. Productivity of the Yellow River Basin
in China, and rainfall in the Rift Valley in Africa will be intimately related to
what the U.S5. will do with its food exports. So global agricultural information,
ilicluding most particularly that obtained by satellites, will be very much wanted.
The worldwide distribution of excess U.S, food above what is required for
domestic consumption will become a worldwide issue, which will involve
much more than pure economic values. Something beyond the play of the
international market place will therefore be invoked to assist in a distribution
with elements of justice as well as profit. A cooperative international space
program which gives agricultural information may provide the initial base for

an amicable cooperative organization to recommend international food distribution

patterns.
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TECHNOLOGICAL

1. TECHNOLOGICAL MANPOWER

The numbers of scientists and engineers trained in the 1980-2000
period will be far below the optimum number needed for full exploitation
of the economic potential of technology -- by about a factor of 3. Neverthe-
less, the U.S. economy will develop so that it will depend upon large num-
bers of scientists and engineers with a certain mid-level technical training,
The supply of technical manpower will not fulfill this demand, and, as a re-
sult, persons from pure science will be recruited into applied science, from
applied science into technology, to partially fill demand. )

As shortages of highly trained personnel develop, lower training
will be accepted for technology jobs. Jobs will be less well done. Society
"will see frequent breakdowns in technological equipment, partly resulting
from increased utilization, partly from increased complexity, partly from
inexpert design, maintenance or operation. Moreover, technologist will
become highly specialized so that no person by himself will be able to make

things work, and instead teams of technologists will be required.

2. REACTION OF PUBLIC TO TECHNOLOGY AND TECHNOLOGISTS

A high technology culture will be automatically assumed by citizens
in the U.S. Despite the high accomplishments of technology, continual
nagging failures will dominate the public's perception of technology, and
technology and technological personnel will not be held in particularly high
regard, General cultural flaws will be blamed on technoldgy, deservedly
or not.

Some serious technological calamity is highly probable, In what
form it will occur is uncertain. Some possibilities are:

a. Severe accident in a nuclear power plant spreading low level
contamination, and causing prolonged plant shutdown., The
public will over-react to this.

b. Faulty electric power distribution management, leading to
regional power cutoffs.

c. Chemical accident, possibly an explosion, such as in the

Texas city disaster,
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d. Widespread deleterious side effect of some chemical or
bioclogical agent in common use, as a medicine or in agricul-
ture, or in food processing.

e, Computer software failure in some big public service programs --
possibly in banking or government record keeping.

f. Many airliner crashes due to faulty ground systems or an in-
herent feature of a new class of planes, .

g. Killer-smog disasters.

The public and government will tend to over-react to attempt to pre-~

vent reoccurrence of such calamities, and both condemn and to some extent

stifle technological initiative.

3. TECHNOLOGY PER SE

3.1 Generzl

Technological development is proceeding at a very rapid
pace and should continue in an exponential growth, The multiplication time
is difficult to know even at present, and hard to predict, As a guess we
take the e-folding time as 10 years during the 1980-2000 period.

Some consequences of this rapid growth are very disturbing
as regards the stability of our economy and even of our culture. Scientists
and technologists will become ignorant in their own field, unless they keep

up with progress. An advanced technology education now takes several
.years. Each 10 years a somewhat similar investment of time is required
to mainfain a current position in the field, This requirement will strain
the capability and the emotional stability of even the very good men in
technology -- it probably is beyond the average man in the profession.
Beyond a certain age, perhaps 50, only very exceptional individuals will
be able to update their education. Even more serious, older men in their
40's and 50's, but in positions of authority because of seniority, will make
wrong decisions based upon outdated knowledge, and will in fact oppose new
technology applications because of their lack of understanding.

- Moreover, whole industries could become obsolescent in

the technology multiplication time. An example from the recent past is
the fate of the tube type electronic high fidelity equipment industry. In-
dustry will have to reinvest just to renew itself, not to expand its production,

and our system will feel the continued stress of this necessity.

A-24



We shall make some general prediction of the type of tech-
nological development probable during the next 25 years in a véry few
selected areas. These will serve as examples for similar progress in

the many other areas which make up our modern technology,

3.2 Electronics and Computers

Electronics technology will continue its current rapid ad-
vance, New types of solid state semi-conductor devices will be developed,
and new integrated circuit techniques to match them. Elements will have
internally controlled circuit parameters such as variable resistance, in-
cluding negative resistance, capacitance, inductance, and amplification.
Digital methods will be introduced in what ar;a now typically analog type
functions for higher quality, and analog devices will replace digital for

super compactness.

Computer capability, the combination of speed and complex-
ity of operation, will increase by a factor lO4 - 108. Cost per unit computa-
tion ability in the machines will decrease by almost a corresponding factoyr,
Small computers will cost less than $10 and will be used as components in
many different devices ranging from toys and home appliances to communica-
tions and navigation equipment. Truly giant computers, costing $108, will
be built for industrial and government computer centers.

Computer software will be developed in a hierarchical form
and human beings will interact with machines only at the top or next to the
to‘p ranks. All lower levels, perhaps 3 or 4, will be done *E;y computers
themselves. Of course, while human errors will be eliminated, the machine
programs will have unrealized idiosyncrasies, and on rare occasions these
will cause catastrophic failures in software systems.

The preceding are only a small selection from the wide range

of advances in electronics that is bound to come.

3,3 Materials Sciences

Materials science will pass adolescence and develop into
maturity, By this we mean that the science of materials will be understood
on a pretty fundamental basis, and therefore materials can be designed to
a large extent theoretically for their application. This understanding will
probably require enormous computer codes, and the old chemist or metal-

lurgist 'feel" for materials will become obsolete.
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Big advances will be made in materials for bulk common
use, with inexpensive basic matter as the raw material. New forms of
plasters, cements, ceramics and glasses will be used in home and factory
construction. Also heterogenous materials, and particularly combined
natural and synthetic materials, the distant analogs of fiberglass or of plastic
laminated wood will be developed.

For advanced technology applications, in small sizes where
costs per gram can be high, materials will be available to fit almost any

reasonable design specification. Some materials will have extremely

anisotropic properties -- for example good thermal conductivity along

one axis, poor along another; others will have an unusual combination of
p'roperties such as moderate electric conductivity with low heat conductivity,
We will have materials of programable and controllable properties, such as-
rigidity determined by magnetic fields, or electrical properties controlled
by pressure, or materials which change their size or shape accurately and

predictably as a function of time,

3.4 Taser Technology

Lasers in all forms will be ubiquitous. Lasers will be used
in precision measurements, in information processing, in manufacturing
processes, in specialized forms of energy transformation, and in special-
ized energy transport, Low power lasers will be small and inexpensive,
adaptable for exa.ﬁlple to toys, or as a readout system for home music
sources such as phonographs. High power pulsed lasers of 1012 watts will
be developed, and giant lasers with steady power of the order 108 watts
are a distinct possibility. Lasers of virtually any frequency from 1000A in
the U, V. through the visible, IR and into the microwave will become avail-
able, with controllable frequency variation, as well as high precision very

narrow band lasers, '

Lasers will be employed as interactive components in elec-

tronic and in mechanical systems. Also they will find a use in analog data

processing.

3.5 Technology Areas for the Space Program

In addition to technology in general, there are specific
dreas which may have unusually high leverage in affecting the space pro-

gram, Most, but not all of these areas, were exploited in the conception
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of the space initiatives in the body of this report, The following is barely

more than a list of some of these areas, which are proba‘bl& ripe for
development in the 1980-2000 period,

(1) Very large objects or arrays in space

These objects may be thin film structures such
as balloons, or shades, or they may be made up of dis-
connected parts, actively maneuvered in place by a.n. infor-
mation web. Two examples of the latter are a telescope of
great focal length in which the focal plane detectors are not
physically attached to the objective, and an array of phys-
ically separate mirrors acting as a very long base inter-
ferometexr.

(2) Lasers

Lasers of all types in many different applications.

(3} High peak power, but I:noderate average power

Used in a variety of specific devices inchiding
lasers and masers. Strangely enough no application has

been suggested for high intensity pulsed magnetic fields.

(4) Micro-micro electronics

In this category we include the extension of large
scale integrated circuit technology, and possible new three
dimensional continuum electronics.

(5). Extremely high computer capability -

{6) Analog parallel processors and digital parallel pro-

cessors for information streams, both optical and electronic,
: (7)  Radiation engineering in the 50-500 gm region,

Here a blending of optical and microwave tech-
nigues is possible, )

The following additional technology areas were not exploited
in formulating space program initiatives in this report, but may well have
such applications,

(8) Extremely low temperature - milli-kelvin range

(9 Plasma phenomena

(10): Controlled nuclear explosions

(11) Collective mode accelerators
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CULTURAL

1. GENERAL

The cultural changes may be the most important of all the forces that
will determine the nature of the space program of the future, for the space
objectives must be acceptable, or better, desirable, for the future culture.

We have not considered the potential cultural changes in anything like the depth
required. The following outline gives an example of the types of thought that
we have used, however. The example explores the basis of some attitudes of

the future population of the U.S. towards the U.S. Government.

2, SOME LIMITED CULTURAL PREDICTIONS FOR THE YEAR 2000

2.1 Essentially complete disappearance of extended family and the

personal and financial security it afforded.

2.2 Consequences of continued high divorce rate become very impor-

tant in culture.
a. About 80 percent of marriages end in divorce.

b. Mean life of marriage reduced to five years. Average number

of partners taken in one lifetime - 40 years + 5 years =

8 partners.

c. Children will be brought up in constantly changing family
environment. In 15 years of youth, each child will see an

average of three parent pairs.

d. Children will not be able to depend on a stable family for
support, primarily of emotional, but importantly of financial
nature, They will depend upon government institutions--
schools, and later, various agencies of héalth, education,

and welfare.
2.3 Almost complete cultural emancipation of women.
a. 90 percent of women in working force (c.f. 60 percent today).

b. Women competing for ""man’s' jobs, although employment

ratio will still favor men.

c. Complete change in male attitude towards working women.

Women regarded as job competitions.



Asg competition they are not to be regarded as entitled to
current male 'protectionist'’ attitude. In perception as
well as in fact they are to be exploited to the limit of male

capability (which will not be high).

Many "'easy' liasons between working men and women

further diluting home and family ties.

d. Women take large share in government --
50 percent of government workers will be women
30 percent of middle management in government will be women
20 percent of high executives

20 percent of legislatures (local, state, federal)

e. Conéequences of women in government.
Emphasis on immediate practicalness of programs.
De-emphasis on long term ideals, goals, and on principles.
More personal involvement in govermment with people.
Government actions less circumscribed by, logical consistency,

and also less predictable.

2.4 Increased turning to and dependence on government for services,
security, support -- in effect a substitution of government

institutions for the extented family.
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U.S. GOALS IN SPACE EXPLOITATION 1980-2000: *CIVIL AREA

The set of trends, events, possible developments, that may characterize
the last part of this century that has just been discussed in this appendix form
an amorphous background of material on which to develop rational goals for a
space program of the 1980-2000 period. Actually in this work no rigorous
pattern of deductive reasoning was used to go from this background to a set
of goals. Instead a set of goals was suggested by the potential capabilities of
space systems, and then ordered under logical categories significant for
human welfare under almost any projection of historical circumstances. The
list of goals was then tested and found to be consistent with the amorphous back-
ground just described. More or less emphasis can then beé placed on specific
goals as they seem more or less important in the future historical context.
The following table lists the goals, and some specific space activities or

systems which aid in their attainment.
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U.S. GOALS IN SPACE EXPLOITATION 1980-2000: CIVIL AREA

A, MATERIALISTIC

1., Promotion of international peace
U.N. satellite peacekeeping system
Heads of state "hot line" communication
Z. Aid in U. S, position of world leadership
3. Aid in optimum industrial activity.
Exploration for land resources
Monitoring of industrial activity and wastes
Management of ocean resources
Weather prediction and warning
Overseeing transportation
Provision of universal communications
4. Aid in agricultural and forest management
Weather prediction, warning and control
Worldwide crop prediction and management
Forest surveying and management
5. Provision of new resources from space
Solar energy (if economical)
6. Acquisition of new technological capabilities from space environment
Extremely high vacuum conditions
High purity surfaces
Zero-gravity processes
7. Use of space to remove hazards from earth

Dangerous industrial processes

Disposal of waste products, including radicactive material
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8. Preparation for space habitation

HUMANISTIC AND PUBLIC SERVICE

1. International cooperation - brotherhood of man
Manned research laboratory in space
Multinational communication system

2. Aid to general safety
Hurricane warning
Flood warrning - long term, months; short term, hours
Earthquake prediction
Tsunami location and warning
Drought diagnosis
Transportation safety

3. TProtection of the general environment
Pollutiﬁn\ monitoring
Preservation of the ozone la‘.yer
Prediction of ionospheric disturbances

4. Individual‘ aid and protection
Worldwide search and direction of personal rescue

5. Crime Control
Personal emergency communications
Anti-personal crime measures

6. Internal security
Boundary surveillance

Control of radioactive materials to prevent diversion and
blackmail
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7.

8.

Improved relations of citizens to government

Enhancement of individual satisfaction

Planetary exploration

INTELLECTUAL

ll

Aid in determination of origin and early history of the solar system
Planetary exploration and geology
Nature of asteroids
Cometary research
Aid in understanding of galactic structure and dynamics
Infrared astronomy using wavelengths from 5-500 um
UV astronomy
Aid in understanding cosmology
X-ray astronomy
Observations of distant objects - all electromagnetic frequencies
Intergalactic material - particles, atoms and ions, molecules

Liow noise measurement of 3K universal background black body
radiation

Verification of physical laws in the large
General relativity experiments
Invariance, spatial and temporal of velocity of light
Homogeneity of "empty'' space
Isotropy of "empty' space in the large

Precision measurements to verify physical laws in the small
Preqise value of gravitational constant

Equivalence of inertial and gravitational mass
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and space functional requirements in the military sector. They are
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APPENDIX B

WEIGHT ESTIMATION

I, INTRODUCTION

The purpose of this appendix is to present, in an abbreviated form,
the results of the Study 2.5 activity so far and the groundrules and method-

ology used to generate those results.

11, LAUNCH VEHICLE ELEMENTS

Launch vehicle design and rocket performance computations are
outside the scope of this effort. Nevertheless, it is necessary to define a
set of candidate launch vehicle elements in gross terms in order to conduct
the study. The selected launch vehicle combinations are listed in Table I,
together with their estimated gross payload capabilities. The payload weights
represent deployment only; the costs represent launch costs only.

The candidate launch vehicle element set is by no means exhaustive,
but is considered to be sufficiently comprehensive to serve the objectives
of the Study 2.5 activity.

All launch vehicle elements are considered to be reusable and are
identified as follows: —

Element A

A standard shuttle with characteristics approximating to the NASA

April 1974 shuttle configuration,

Element B

A Large Launch Vehicle (LLV), not defined in detail, but providing
approximately 20 times the payload capability of Element A to low
earth orbit, )

Element C
A standard tug upper stage having performance capability approxi-

mately equivalent to the Interim Cryogenic Space Tug described in’

NASA Baseline Space Tug Document (see Reference 1),



Liow Altitude High Altitude Launch Veh.
Item Launch Vehicle Combination Code Low High COSt/Fheg,Et
Inclination | Inclination Elliptical Geosynch. | Translunar | $x 10°
1 Shuttle A 60, 000 30,000 - - - 12. 0
2 Shuttle + Tug A+ C - - 15, 000 7,000 6,000 13.0
3 Shuttle + Tanderm Tug 2A 4+ 2C - - 37,000 18, 000 15, 000 26,0
4 Shuttle + Large Tug A% D - - 24,000 11, 000 10, 000 14.0
5 Shuttle + Large Tandem Tug 2A + 2D - - 60,000 29, 000 24,000 28.0
6 Shuttle + SEPS A+ E - - 21,000 10, 000 8. 500 12.5
7 Shuttle + Nualear A+ G - - 42, 000 20,000 17, 000 15.0
8 Shuttle + Tug + SEPS A+C+E - - 30, 000 14, 000 12, 000 13.5
9 Shuttle + Large Tug + Large SEPS A+ D+ F - - 48, 000 22,000 19,000 14,5
10 LIV B 1,200,000 600, 000 - - - 15.0
11 LLV + Large Tug B+D - - 300, 000 140, 000 126, 000 17.0
12 LLV 4 Large SEPS B+F - - 420, 000 200, 000 170, 000 16.0
13 L1V + Nuclear B+G - - 840, 000 400, 000 340, 000 18,0
14 LLV + Large Tug + Large SEPS B+D+F - - 600, 000 280, 000 240, 000 18,0
Table I. Candidate Launch System Payload Capabilities (lb) Q E
B
CODE: A = Shuttle &) ;}
B = LLV (Large Launch Vehicle) ;S o O
C = Tug <&
D = Large Tug :43 -
E = SEPS (Solar Electrie Propulsion Stage) E 8
¥ = Large SEPS g Ay
G = Nuclear Stage g %

*
Does not include amortization of RDT&E costs



Element D

A large tug, not defined in detail, but providing approximately a 60%

increase in payload capability to geosynchronous orbit over the A + C
combination, when combined with the standard shuttle.

Element E

A Solar Electric Propulsion Stage (SEPS) similar to the configuration
described by Rockwell International (RI} and used by RI in their SEPS
applications studies (See Reference 2),

Element F

A large SEPS, not defined in detail, but when combined with the LLYV,

providing 20 times the payload capability to geosynchronous orbit as

the A + E combination.

Element G

A nuclear upper stage which utilizes an advanced nuclear orbital pro-

pulsion system having an ISp comparable to the solar electric propulsio

stage, but a thrust level comparable to present-day chemical rockets.

In order to permit investigation of the potential utility of SEPS from

low earth orbit, it is assumed:

{2) By the time period of interest, solar cells will be developed

"which are highly resistant to radiation degradation ,

{b) Long transfer times (280-350 days) to final orbit are acceptable
for most of the initiatives.

{c) The nuclear stage is considered for initiatives where on-orbit
maneuvering is an essential characteristic of the mission (for
instance, for survivability) and the satellite orhital configuration
is large.

(d) The SEPS and the nuclear stage are available on-orbit for ex-
tended periods of timme and do not require refurbishment after

every use, The costs listed in Table I reflect this assumption.
I, MISSION EQUIPMENT ADVANCED TECHNOLOGY

During the course of the study, a number of new mission equipment
concepts were identified which would require technological advances to
develop and deploy. In addition to large, lightweight solar arrays, nine
generic types were identified and these can be divided into two specific
categories. In addition, all the nine generic types appear to have the com-

mon characteristic of needing large structural assemblies in space, These



structural assemblies may or may not need to be rigid structures.

The hierarchical structure is illustrated in Figure 1, together with
the code numbers of the initiatives which appear to be candidates for
utilizing the nine generic concepts. Briefly, the nine generic types can
be described as follows:

Type 1

Type 1 is a plane optical reflector subject to relatively low flux

densities. It provides ‘;3. large aperture rather than a small spot

size and therefore a surface guality considerably below the diffrac-
tion limit is adequate. It is constructed of a thin mylar or kapton
film rigidized by a graphite composite deployable structure. The

rigid structure supports the necessary housekeeping subsystems.

Type 2
Type 2 is a spherical optical reflector subject to relatively low

flux densities and requiring the same surface tolerance as Type 1.

It is constructed of a double layer of thin mylar or kapton film,

sealed at the edges, one layer being silvered and one layer being

clear. By pressurizing the space between the layers, an approximately
parabolic surface is realized. Structural rigidity is maintained by

a pressure stabilized toroidal edge structure constructed by utilizing
the Goodyear "Airmat' concept. The necessary housekeeping sub-
systems, including the attitude control thrusters, are located on this

outer ring structure.

Type 3

Type 3 is an optical reflector which is subject to relatively low flux
densities, but requires close surface tolerance control and, therefore,
cannot be made of thin mylar or kapton film. Instead, it is a rigid
structure of graphite composite with the front face silvered and the
back face used to radiate surplus heat. The necessary housekeeping
subsystems are attached to the mirror. The mirror may or may not
be gimballed.

Type 4
Type 4 is an optical reflector which is subject to high flux densities

and also requires close surface tolerance. It is therefore constructed
of a rigid graphite epoxy structure, heavier than Type 3 because of a
heavier and more complex thermal control system. The necessary
housekeeping subsystems are attached to the.mirror and the mirror

may or may not be gimballed, B
-5
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Figure 1. Ilarge, Lightweight Space Structure Ap.plications
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(Type 8) CC-1 .
CC-10
MO-4 CC-4
Dielectric lens multibeam antenna [MC-13 CC-7
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o cC-2 CC-9
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Type 5

Typ-e 5 is a simple microwave reflector constructed of a very
lightweight open metalized graphite ei:oxy cobweb structure or a
thin mylar or kapton film with printed circuit type dipoles. The
structure may be deployed, assembled on-orbit or possibly‘even

fabricated on-orbit, A housekeeping subsystem package is required,

Type 6

Type 6 is 2 microwave antenna, constructed in a similar way to
Type 5, but is electronically more complex to allow beami forma-

tion and is, therefore, heavier and more costly.

TzEe 7

Type 7 is an active microwave antenna which radiates microwave
energy generated in orbit, normally to the ground, Conceptually,

it is similar to a configuration described by Arthur D. Little, Inc.

{(See Reference 3).

Type 8

Type 8 is a near-term technology medium-sized multibeam antenna
which utilizes the bootlace lens concept, Conceptually, it is similar
to a configuration studied by the Hughes Aircraft Company -(See
Reference 4).

Type 9
Type 9 is a far-term technology large-sized multibeam anfenna

using very lightweight structures and incorporating a dielectric lens,

TYPE 1 CONCEPTUAL DESIGN

1. Design i
Detailed design is outside the scope of the Study 2.5 effort.
However, a conceptual design was developed for the Type 1

optical reflector and is illustrated in Figure 2.

Figure 2 illustrates a triangular planform shape of reflector
which is based on previous study activities described in
Reference 5. The method used for supporting the three sides
of the reflector in tension uses a catenary support concept.

Support is provided at each of the three corners of the reflector
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by booms that deploy from the central spacecrait structure.

The primary difference between Figure 2 and the configura-
tion shown in Reference 5 is that the concept presented makes
use of a complete triangular film reflector in contrast to a
three segment reflector. The single reflector eliminates the
necessity for supporting the radizl edge members of the respec-

tive segments.

The reflector is assumed to be fabricated from . 00025 in. kapton
polyimide film in contrast to the present state of the art polyimide
film thickness of . 0005 in, The edges of the triangular shaped
film are connected to the edge cable (catenary suppert) by means
of a myriad of separate cables which forms essentially a con-
tinuous attachment that eliminates undesirable side forces which
would tend to wrinkle the film, Based on information contained
in Reference 5, the kapton is assumed to be stressed at 10 psi.
This film stress was used to determine the loads required at the
corners of the reflector, (and, hence, the ends of the booms), to
stretch the reflector to obtain a taut surface. The 10 psi stress
level is defined as the minimum stress (Reference 5) required to
remove wrinkles in the material. The corner loads that were
derived, using the 10 psi stress level and assuming the catenary

to have a 100 ft sag, were computed to be 260 1b at each corner.

A thermal excursion of t4250F was assumed to derive the expan-
sion/contraction dimensional changes in the ka.pt;)n film. Based
on a thermal expansion of 2.0 x 10_5 in./in/OC, the length of each
corner of the reflector was estimated to vary ts ft. Detail C,
shown in Figure 2, shows a pressure cylinder and sliding member
for adjusting the boom length to accommodate the T3 deflection
associated with maintaining a taut reflector surface. The cylinder
dimensions, (diameter = 3 ft, length = 4 ft), and internal pressure,
(10 psi), were selected to minimize the force variation that would
occur at the end of the sl1d1ng member due to the expansmn/con-
traction of the kapton. The maximum and minimum end loads com-
puted for the fully extended and retracted positions were 234 and
286 Ib respectively, based on the assumption that the temperature

of the pressurant would remain constant. It was further assumed
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that the pressurant can be maintained at a constant temperature
by insulating the external surfaces. Discussions held with
thermal control specialists indicated that, in all probability, low
power consumption heaters would be required to maintain the

gas at constant temperature. A high pressure gas tank (12,0 in.dia;

-3000 psi) is incorporated inside the main tank to provide the

necessary makeup gas that may be required due to possible leak- .

ages occurring in the seal of the sliding member.

A concept depicting a typical structural arrangement utilizing
three booms is shown in Detail B. The section properties of
each boom were computed, using an equation in Reference 6,
assuming an end load of 280 1b and a boom length of approximately
1100 ft. Each of the three boom longerons shown in Detail B are
0.3 in. in diameter. The boom assembly is inscribed in a circle
36 in. in diameter. The frame spacing is 36 in. The boom
concept depicted in Detail B does not define in detail the specific
folding technique that is necessary to collapse the structure for
the launch phase. Further study effort would be required to
determine methods for folding and deploying the structure as well

as maintaining the deployed alignment accuracy.

The launch configuration is also shown in Figure 2. A canister
used to house the kapton reflector is provided and is supported

from the equipment enclosure. The canister consists of three
sections that may be rotated away from the enclosure during
deployment. The three booms, equally spaced about the canister,
are hinge-supported from the equipment enclosure. An adapter
structure attached to the equipment enclosure is also defined to
indicate typical interface characteristics and identifies a method
that may be used to react loads introduced due to the launch environ-

ment.
Weights

Two weight statements for the concept described above are given
in Tables I and III. Table I assumes conventional attitude con-
trol thruster clusters located at the apexes of the triangular struc-

ture. However, although insufficient resources were available to



SIZE: 1680 ft side

SHAPE: Triangle
AREA: 1,000,000 ftz
REFERENCE: Thin kapton film; chemical thrusters

at triangle apexes

Cost*
Weight Weight Ratio

(1b) (1b) -
STRUCTURE - 7602 8742 0. 604
ELECT, POWER 242 278 0.019
TT&C 150 173 0.012
GUID. & NAV, 1222 o

1455 0:101

ACS INERTS ' 44
ACS PROPELL. 445 512 0. 035
MISSION EQUIP, 2888 3320 0. 229 I
LIFE SUPPORT - - - i
CONTINGENGCY 1838 - -
TOTAL WT. 14,481 14, 481 1. 000

UNIT WT. = 0.01185 Ib/ft?

“Distributed contingency

Table II. Type 1 Conceptual Design
Weight Statement - Chemical Thrusters
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SIZE: 1680 ft gide
SHAPE: Triangle
AREA;: 1,000, 000 £t
REFERENCE: Thin kapton film; distributed ion thrusters
! %
i Cost
Weight Weight " Ratio
{1b) (Ib)
1
I
STRUCTURE 6371 7327 0.136
ELECT, POWER 33,086 38, 048 0.709
TT&C 150 173 0.003
GUID, & NAYV, 310
1277 0.024
! ACS INERTS 800
| ACS PROPELL, 3084 3546 0. 066
i MISSION EQUIP. 2888 3321 0. 062
© LIFE SUPPORT - - -
! CONTINGENCY 7003 - -
]
1
1
' TOTAL WT, 53,692 53,692 1. 000
i UNIT WT. = 0.04393 1b/#t2
]
|

“Distributed contin gency

Weight Statement - Distributed Ion Thrusters

Table III. Type 1 Conceptual Design
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conduct a-dyn;a,mic analysis, it is suspected that a distributed
attitude control system (e. g., an ion thruster system) would
be required for such a large structure. If this were the case,
the weight would be increased and this increase is reflected
in Table III.

V. SATELLITE LIFETIME

Satellite lifetime parameters that are of interest are as follows:

{2) System useful life

{b) Satellite design life

{c) Satellite MTBF

(d) Satellite MMD

(e}  Satellite resupply or service period (for satellites which
are resupplied on orbit),

(f) Satellite module lifetime parameters (for satellites which
are modularized for replacement of failed subsystem com-

ponents on orhit).

Associated with each of the above characteristics is a probability that
it will be achieved. Of secondary importance are the probabilities associated
with assembling,on orbit, a satellite which is composed of separately launched

subassemblies and with acaieving an operational state.

Lifetime parameters for future systems are notoriously difficul-t to
estimate and, in any case, a detailed reliability investigation is inappropriate
for the Study 2.5 effort, For this reason, the following judgmental factors

were used to assign lifetime characteristics to the initiatives of interest.

Discussions with LMSC and TRW personnel have established that a
10 year design life for communication satellites is possible in the near-time.
For DOD satellites, 10 years is very close to the systern. useful life. Certain
components on near-term observation satellifes tend to lir;;it their design
lifetime to about 5 years and to consider deploying a 10 year observation
satellite would involve provisions having to be made for cleaning lenses,

replacing critical components and so on,

Space servicing studies have indicated that 3 year servicing intervals
are a reasonable compromise, considering launch costs, increased costs
required to make a satellite space serviceable, and the uncertainties assoc-

iated with the general space servicing concept.
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For the purposes of the Study 2.5 effort, therefore, it was assumed
that, in general, all satellites would be designed for space servicing and
that they would have a 10 year design life (assumed coincident with useful

life) and a 3 year service period.

Exceptions to the above rule are as follows:

(2) Certain low altitude observation satellites utilizing large
telescopes which need adjustment by man. These are
serviced at 1 year intervals,

{b) Manned systems which are serviced at 1 year intervals.

{c)  Highly survivable systems which are not serviced.,

{d) Vefry large, high cost space assembled satellites which
are considered to be capable of being updated by on-orbit

block changes and have virtually unlimited life,

VI WEIGHT ESTIMATION

In order to estimate the weights of the approximatély B0 initiatives
of interest with tl-le limited resources and time available, the initiatives
were first divided into three groups: .
(a) . Satellites which can be approximated to near-term design
communication satellites.
(b) Satellites which can be approximated to near-term design
observation satellites,
{c) Far-term satellites which incorporate advanced tech-
nology and utilize non-traditional mission equipment ad-

vanced design concepts.

Category (c) was further divided into the nine generic types described
briefly in Section III. A specific example for each of these generic.types
was selected and the weights estimated. These weights were then extrap-
olated to determine the weights of other satellites which utilized mission
equipment of the same generic types, but having different performance

characteristics (such as size and power),

Because of the limited resources available, considerable dependence
was placed on existing study results. This is summarized in Table IV which
identifies the contractor references used to construct typical weight state-
ments for the nine generic types. These weight statements are given in
Tables V throuth XIII.
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Type

Description

Nurnber Contractor Reference
1 Optical Reflector - Thin Film Mirror Reference 5
2 Optical Reflector - Double Thin Film Mirzor Reference 5
3 Optical Reflector - Cool Graphite Epoxy Mirror Reference 7
4 Optical Reflector - Hot Graphite Epoxy Mirror Reference 7
5 Passgive Microwave Reflector Reference 5
6 Passgive Microwave Antenna Reference 8
7 Active Microwave Antenna Reference 9
8 Bootlace Lens Multibeam Antenna Reference 4
9 Dielectric Lens Multibeam Antenns Reference 4

Table IV, Large Space Structure Types
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SIZE: 400 ft side

SIHAPE: Triangle
AREA: 69, 200 £t
REFERENCE: Thin Kapton Film
Cost* -
Weight Weight Ratio
(b) (1b)
STRUCTURE 693 796 0.680
ELECT. POWER 20 23 0.020
TT&C 10 12 0.010
GUID, & NAV. 90
} 115 0.098

ACS INERTS 10
ACS PROPELL. 40 46 0.039
MISSION EQUIP, (FILM) 156 179 0.153
LIFE SUPPORT . U R
CONTINGENCY 152 I
TOTAL WT. 1171 1171 1. 000

UNIT WT, = 0.016922 1b/ft>

“Distributed contingency

Table V. Type 1 (Optical Reflector - Thin
Film Mirror) Typical Weight Statement
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SIZE: ’ 400 ft side
SHAPE: Triangle

AREA: 69, 200 £t°

REFERENCE: Thin Kapton Film

Cost::= .
Weight Weight Ratio
(1b) (ib)
STRUCTURE 667 767 0.564
ELECT. POWER 33 38 0.028
TT&C 10 12 0.008
GUID, & NAV, 104
133 0,098
ACS INERTS 12
ACS PROPELL, 46 53 0. 039
MISSION EQUIP. (FILM) 311 358 0.263
LIFE SUPPORT ——- U R,
CONTINGENCY 177 I
TOTAL WT, 1360 1360 1. 000

UNIT WT. = 0.01965 1b/£2

zﬁDistributed contingency

Table VI. Type 2 (Optical Reflector - Double
Thin Film Mirror) Typical Weight Statement




SIZE: 16.4 ft dia

SHAPE: Circular
AREA: 211.2 2
REFERENCE: Cool Mirrors = 10 1b/£t?

Cost*

Weight Weight Ratio
(1b) (1b) :

STRUCTURE 558 642 0.115
ELECT. POWER 60 69 0.012
TT&C 50 57 0.009
GUID, & NAV. 300

1665 0.297
ACS INERTS 1148
AGS PROPELL. 650 747 0.133
MISSION EQUIP. (MIRROR) 2112 2429 0.434
LII'E SUPPORT - U PR
CONTINGENCY 731 S
TOTAL WT. 5609 5609 1. 000

UNIT WT. = 26.54 1b /ft2

“Distributed contingency

Table VIL. Type 3 (Optical Reflector - Cool

Graphite Epoxy Mirror) Typical Weight Statement
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SIZE: 16.4 ft dia

SEHAPE: Circular
AREA: 211, 2 £#2
REFERENCE: Hot Mirrors = 30 1b/ft?
Cost*
Weight Weight Ratio
{(Ib} (Ib)
STRUCTURE 1836 2111 0.177
ELECT. POWER 60 69 0. 006
TT&C 50 58 0.005
GUID. & NAYV,. 300
1665 0.139
ACS INERTS 1148 .
ACS PROPELL. (2 YRS) 650 748 0.063
MISSION EQUIP. (MIRROR) 6336 7286 0.610
LIFE SUPPORT —— T O
CONTINGENCY 1557 T
TOTAL WT, 11, 937 11,937 |  1.000

UNIT WT. = 56.573 Ib/ft2

“Distributed contingency

Table VII. Type 4 (Optical Reflector - Hot Graphite

Epoxy Mirror) Typical Weight Statement




SIZE: 4500 x 4500 ft {64 modules)

SHAPE: Square
AREA: 20, 250, 000 £t%
REFERENCE:
Cost*
Weight Weight Ratio
(1b) (Ib)
STRUCTURE 128,827 | 148,151 0.703
ELECT. POWER 1180 1357 0.006
TT&C 6400 7360 0.035
GUID, & NAV, 1200
2624 0.012
ACS INERTS 1082
ACS PROPELL. 5131 " 5900 0.028
MISSION EQUIP.(REFLECTOR)| 39,488 45,412 0.216
LIFE SUPPORT | coecmme oo b
CONTINGENCY 27,496 | cmmmmnn | ool
]
|
i
TOTAL WT. 210,804 | 210,804 1,000
UNIT WT. = 0.01041 1b/?
%

"Distributed contingency

Table IX. Type 5 (Passive Microwave Reflector)
Typical Weight Statement




SIZE: 88.6 x 16,405 ft

SHAPE: Rectangle
AREA: 1,453,500 ftZ

REFERENCE: Ion Propulsion

Cost*
Weight Weight Ratio
{1b) {1b)
STRUCTURE 9907 11,393 0.427
ELECT. POWER 700 805 0.030
TT&C 100 115 | -—----
GUID, & NAYV, 400
1840 0. 069
ACS INERTS 1200
ACS PROPELL., 3668 4218 0.158
MISSION EQUIP, (ANTENNA) 7329 3428 0.316
LIFE SUPPORT e .
CONTINGENCY 3495 | ccmeen | aeea-
TOTAL WT. 26,799 26,799 1,000

UNIT WT. = 0.018437 1b/ft>

3k .
Distributed contingency

Table X. Type 6 (Passive Microwave

Antenna) Typical Weight Statement




SIZE: 3,281 ft dia
SHAPE: Circular
AREA: 8, 450, 500 £t
REFERENCE: Ion Propulsion
Cost*
Weight Weight Raiio
(1b) (1)
STRUCTURE 593,477 682,499 0.116
ELECT. POWER 574, 069 660,179 0.112
TT&C 100 115 | weee-
GUID, & NAYV, 6,500
352,475 0. 060

ACS INERTS 300, 000
ACS PROPELL, 21, 320 24,518 0. 004
MISSION EQUIP. (ANTENNA) 3,630,000 #,174,500 0.708
LIFE SUPPORT | ssmmcmme | mmmaacs ) acaes
CONTINGENCY 768,820 [ m-wwr-- | -ceo-
TOTAL WT, 5, 894, 286 |5, 894, 286 1.G060
UNIT WT. = 0.697508 1b /#t2

“Distributed contingency

Table XI.

Type 7 (Active Microwave Antenna)

Typical Weight Statement




SIZE: 131, 23 ft dia
SHAPE: Ciréula.r .
AREA: 13,537 £t
REFERENCE: Bootlace I.ens

’ Cost*
Weight Weight Ratio
(Ib) (Ib)
: STRUCTURE 623 717 0,018
| ELECT. POWER 150 173 0.004
| TT&C 220 253 0.006
| GUID. & NAV. 525
f 932 0.023
ACS INERTS 285
| ACS PROPELL. 1245 1432 0.036
i MISSION EQUIP. (LENS) 31, 947 36,737 0.913
| LIFE SUPPORT = | ccccme | mmmeee e
’ CONTINGENCY 5249 | emmmen ) mmmen
TOTAL WT. 40, 244 40, 244 . 1.000

UNIT WT. = 2.9729 1b/ft%

“Distributed contingency

Table XII. Type 8 (Bootlace Lens Multibeam

Antenna) Typical Weight Statement

7 22




SIZE: 131,23 ft dia
SHAPE: Circular

AREA: 13,537 £t2

REFERENCE: Dielectric Lens

Cost* .

Weight Weight Ratio

(1b) (1b)
STRUCTURE 1041 1197 0. 200
ELECT. POWER 150 173 0. 029
TT&G 220 253 0. 042
GUID. & NAV. 175

385 0. 064

ACS INERTS 160
ACS PROPELL. 260 299 0. 050
MISSION EQUIP. (LENS) 3195 3674 0.615
LIFE SUPPORT R —_—
CONTINGENCY 780 ———- I
TOTAL WT. 5981 5981 1,000
UNIT WT. = 0.441826 1b/ft>

*Distributed contingency

Table XII. Type 9.

{Dielectric Lens Multibeam

Antenna) Typical Weight Statement
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A certain amount of interpolation between present-day technology
and year 2000 technology was necessary. The way in which this was ac-
complished to aid in deriving power system weights is illustrated in Figure
3. Figures 4 through 9 illustrate the relationship between size and weight

for the different types of mission equipment.

VI INITIATIVE MISSION EQUIPMENT

An examination of each initiative was made to determine what
kind of mission equipment would satisfy its primary mis sion requirements,
Basic descriptions for each satellite were determined and are listed in
Tables XIV through XX. ‘

VI, INITIATIVE DATA SHEETS

Using the weight models described in Section VI, weights for the
whole spectrum of initiatives were developed, These are listed in Tables
¥XI through XXVII. Also listed in Tables XXI through XXVII are other
design parameters which are required as input to the cost estimating
computer program, such as a launch vehicle combination for each initia-
tive, ‘

' In accordance with the scope and depth appropriate to this part of
the design activity,‘ performance analyses were not used to select launch
vehicle combinations. Instead, Table I W.‘as utilized to come to a judgmental
decision for each specific case. In most cases a modularized version of
each large satellite could be conceived and therefore the shuttle vehicle,
combined with an appropriate upper stage could handle the mission in an
acceptable number of flights. The maximum number of shuttie flights
identified for a single initiative is 120 (for MW-~7). The initiative spectrum
includes a number of extremely large satellites and, for these, the LLV
was selected. The maximum number of LLV flights identified for a single
injtiative is 500 (for MW-8).



Weight (1b)

GROUND RULES;

1. - Solar arrays fully-oriented

2, Below I kW use current technology

3. Above 10 MW uge Reference 3 technology 10, 000 MW Station
4. Use curve between ! kW and 10 MW + (Reference 3)

SKYLAB (Lesgs all fairings)
Current Technology

SKYLAB (Deployed in space)
Reference 3 Technology

v

' .
\ SKYLAB (Constructed in gpace)
Reference 3 Technology

T 1 ; T ; T T
3 104 107 10 107 108 107 1010

Power {Watts)
Figure 3 - Electrical Power System Weight vs., Power Level
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Weight (1b)

10

10

10

10

Figure 4
Thin Film Reflector Weight
ve, Equivalent Diameter

10

10° 10%

Equivalent Diameter (ft)
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10

10

Weight (Ib)

10

Figure 5

Optical Mirror Weight vs.
Equivalent Diameter

16°
Equivalent Diameter (ft)
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Weight (1b)

107y

10°;
10%]

Figure 6
Passive Microwave Antenna/Reflector
Weight vs. Equivalent Diameter
10 3 t 3
10 E : T34

Equivalent Diameter (fi)
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10,

Weight (1b)

107

1067+

Figure 7

Active Microwave Antenna Weight
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Pages B-33 through B-36 describe the basic character-
istics of the major sensors used on each of the military satellites
catalogued in this report. They are omitted for security classifica~
tion reasons,



CODE PRIMARY MISSION EQUIPMENT

CO-1 6 ft dia optics multi-spectral telescope; side-looking radar
CO-2 10 ft dia optics IR sensor

CO-6 10 ft dia optics, 10 degree FOV telescope

CO-7 4 ATS-type antennas, 18 ft dia ea

CO-8 10 x 5,000 ft Type 6 antenna

CO-9 2 crossed Type 6 antennas, 10 n mi long; #1 = 9.ft wide,

#2 = 90 ft wide

CO-10 2 crossed arrays of Type 3 mirrors, 770 ft long, 44 mirrors
6.6 ft dia ea; stationkept focal plane satellite

CO-11 10 £t dia mm wave antenna; pulsed COz laser

PRECEDING PAGE BLANK NOT FILMED

Table XVIIL Primary Mission Equipment - Civilian Observation
' B-37




CODE

PRIMARY MISSION EQUIPMENT

CC-1 13 £t dia, 10 beam Type 8 antenna

CC-2 150 £t dia, 260 beam (250 fixed, 10 scanning) Type 9 antenna
CC-3 150 ft dia, 250 fixed beam Type 9 antenna

CC-4 150 £t dia, 100 beam Type 9 antenna

CC-5 COMSATS

CC-7 150 ft dia, 100 beam Type 9 antenna

CC-8 150 ft dia, 100 beam Type 9 antenna

CC-9 150 ft dia, 25 beam Type 9 antenna

CC-10 5 ft dia, 200 beam Type 8 antenna

Table XIX. . Primary Mission Equipment - Civilian Communicatims

B.38




CODE

PRIMARY MISSION EQUIPMENT

Cs-1

Cs-2
Cs-3

CS5-4
CS5-5
Cs-6
CS-10
Cs5-11
Gs-12

CS-13

370 ft dia, X-band Type 7 antenna

Large thermoelectric plant fueled by nuclear waste.
Powers satellites on orbit

Large solar energy plant; 2.6 x 7.3 n mi; 3280 dia Type 7
antenna beams power to earth

Tug nuclear waste disposal

169 Type 4 mirrors, 15 ft dia ea, stationkept
100 Type 1 reflectors, 300 ft dia ea, stationkept
120 ft dia, 100 beam Type 9 antenna

Propulsive stage for deorbiting space debris
Chemiéal spray ozone replenishment

2 crossed Type 6 antenna, 1 nm x 1 ft ea

Table XX, Primary Mission Equipment - Civilian Support

B-39



Pages B-40 through B-49 present the design data used
to estimate the IOC costs for the military initiatives catalogued
in this report. They are omitted for security classification
reasons.



Table X¥XV. Initiative Design Datz - Civilian Observabtions

C_ODE CO.l cp-z cO-$ CO-7 CO-8 CcO-9
Advanced ‘
TITLE R;g;:;;;;e Flgrest .:l-"ire U,N. Truce Nuclear Fuel Border Coastal Passive
Obgervatory etection Observatory Location Surveillance Radar
Orbit Apogee {n mi) 500 19, 300 225 19, 300 19, 300 19,300
Constellation Size 4 "1 1 1 1 3
I0C Date 1985 1990 1990 1995 1990~ 1995
Launch Vehiclea A A; D A A3 C A; C AyD; F
Number of Flights 4 A=2, D=2 1 A=2; C=2 A=1; C=1 A=5; D=5; F
Type of Structure ENDO ENDO ENDO ENDO EXO EXO
Type of ACS 3-Axis 3-Ax1s 3-Axis 3-Axis 3-Axis 3-Axis
Type of EFS Solar Solar Solar Solar Solar Solar
Power-Begin, Life 12 kW 2 kW 3 kW 700 W 12 kW 600 kW
Weight:
Structure {Ib) 7,500 3,800 600 4, 000 1, 200 45, 000
EPDS (Ib) 1, 300 600 700 300 1,200 6,000
TT&C (Ib) 300 150 200 400 50 100
ACS; GEN (1b) 700 350 300 800 200 T, 500
Propellant {Ib) 200 100 200 1,000 300 17,500
Mission Equipment (1b} 20, 000 20,000 2, 000 1,500 400 35, 000
Life Support {Ib) - - - - - -
Total Weight {Ib) 30,000 25,000 4, 000 8, 000 3,350 ill, 000
Size (ft) 10 x 60 15 x 60 15 x 40 4 @18 dia ea 5000 x 10 10 nm x 9;
10nmix9
Design hife/Serv, Pericd (yrs) 10/3 10/3 10/3 10/3 10/3 10/3
IOC Cost (§) TioM 230M 190M 560M 170M 1.1B

B.50
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Table XXV. Initiative Design Data - Civihan Observations (Contd. )

.CODE CO=-10 CO-11
rTLE Astronomical Temporarape Profile
Sounder
Orbit Apogee {n ma} 300 600
Constellation Size 2 4
10C Date 2000 1990
Launch Vehicles A M E
Number of Flights A=2 A=zl: E
Type of Structure ENDO ENDC
Type of AGCS 3-Axas 3-Axis
Type of EPS Solar Solar
Power-Bagin. Life 10 kW 50 kW
Weight:
Structure (1b} 5, 000 750
EPDS (lb) 6,000 2, 200
TTLC (Ib) 200 &0
ACS; G&N (lb} 12, 000 600
Propellant {Ib) 5, 000 250
Mission Equipment (1b) 15, 000 250
Lafe Support {lb} - -
Total Weight {lb) 43, 200 4, 100 .
Size (ft) 2@770x 6.6 1o dia
Dezign life/Sexrv, Period (yrs) 10/1 16/3
I0C Coast ($} 690M 340M

B.51
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Table XXVI. Initiative Design Data - Civilian Communications

CobE CcC-1 cc-2 cc-3 CC-4 CG-5 cC-7
Uttt | Dhssercomes | UrbwPehce | Elocwonematt | TUEEELEY | reliegad
Orbit Apogee (n i) 19, 300 19,300 19, 300 19, 300 8, 000 19, 304
Constellation Size 20 1 1 1 20 1
IOC Date 1980 1990 1990 1990 1985 1990
Launch Vehcles A; C A, CE A, C E A G E A; C A; G E
Number of Flights A=10; C=10 Al, C=1; E A=1l; C=1, E A=1, C=1; E A=20; C=20 A=1,C=1; E
Type of Stﬁucture ENDO ENDO ENDO ENDO ENDO ENDO
Type of ACS 3-axs 3-axs 3-axis 3-ax1s 3-mas 3.axis
Type of EPS Solar Solar Solar Solar Solar Solar
Fower-Begin. Life 500 W 1.5 kw 1.5 kW 3,0 kw 600 W 1.5 kW
Weight:
Structure (lb) 1,020 1,600 1,600 1,600 450 1,600
EPDS {lb} 120 500 500 900 250 500
TT&C (1b) 200 300 300 300 50 300
ACS; GEN (Ib) 260 500 500 500 150 500
Propellant {lb) 200 400 400 400 200 400
Migsion Equipment (1b}) 200 4,800 4,800 4, 800 300 4, 800
Lafe Support (b} - - - - - -
Total Weight {Ib) 2,000 8, 100 8,100 8,500 1,400 8,100
Size (ft) 13 87 150 dia 150 daa 150 dia 6x38 150 dia
Design life/Serv. Period (yrs) 10/3 10/3 10/3 10/3 19/3 10/3
IOC Cost (5) 706M 27T0M 270M 280M 620M 270M
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Table XXVI. Imtiative Desipgn Data - Civallan Communications (Contd.}

CODE CC-8 CCa9 CcG-10
National Personal Diplomatic U/N
TITLE Inkermation Communication Hot Lane
Services
Orbit Apogee (n mi) 19, 306 19, 300 19, 300
Constellation Size :; 1 I 3
IOC Date 1990 1990 1980
Launch Vehicles A; G E A; D A; G
Number of Flights A=4; C=4; E A=1; D=1 A=3; C=3
Type of Structure ENDO ENDO ENDO
Type of ACS 3-axis. J-axis 3-axis
Type of EPS Solar Solar Solar
Fower-Begin. Life 3 kW 21 kW 1 kW
Weight: '
Structure {lb) 1,600 1,700 1,600
EPDS (Ib) 900 t,500 400
TT&C (ib) 300 300 200
ACS; GEN (Ib} 500 500 300
Propellant (1b) 400 400 400
Mission Equipment (1b} 4, 800 4, 800 10¢
Life Support (1b) “ - .-
Total Werght (Ib} 8,500 ‘9, 200 3, 000
Size {ft) 150 dia 150 dia 5x 15
Desaign life/Serv, Period (yrs) 10/3 10/3 10/3
10C Cost ($) 420M 320M 230M
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Table X¥VI, Initiative Design Data - Civilian Support

CODE Cs-1 S:S-Z CS-3 . CS-4 CS.5 CS8-6
Energy Generation Energy Generation Energy Ceneration Nuclear Waste Laser Aircraft City Night
TITLE Plant Nuclear Plant - RTG Plant - Solar Disposal Beam Power INuminator
‘Orhit Apogee {n mi) 19, 300 1,000 19, 300 Escape 300 19, 300
Constellation Size 1 1 1 1 100 1
I0C Date 2000 2000 2000 1990 2000 1990
Launch Vehicles B:D: F B, DF B D; F Ay D B; F A, D
Number of Flights B=280; D=280; F B=50; D=50, F B=90; D=90, F A=2; D=2 B=30G; F A=t4 ; D=14
Type of Structure EXO ENDO EXO0 ENDO ENDO ENDO
Type of ACS 3-Axis 3-Axis 3-Awas 3~Axis I-Axis 3-Axis
Type of EPS Nuclear Reactor RTG Solar Solar Sclar Solar
Power-Begin, Life 13, 000 MW 12 MW 10, 000 MW 4 kW 85 kw 250 W
Weigks: .
Structure (Ib} 11, 060, 000 3, @00, 000 7,090, 00G 27, 500 372,000 97,500
EPDS (ib) 65, 000, 000 12, 000, 000 k4, 550, 000 750 3,000 10, 00¢
TT&LC {tb) 4, 000 4,000 4, 000 250 9,000 5, 000
ACS, GKN {1b} 50, 000 10, 000 15, 000 5, 000 285, 000 14, 000
Propellant {1b} 250, 000 160, 000 25, 000 28, 000 130, 000 &, 000
Migsion Equipment {1b) 4,700, 000 6,000 3,620, 000 2,500 1, 240, 000 17,500
Life Support (1b) - - - - - -
Tcotal Weight (Ib} 81,004, 000 15,180, 000 25, 304, 000 64, 000 2,939,000 150, 000
Size (it 3600 dia 114 dia T.3x 2.6 nm 15 x 60 169 @ 15 dia ea 100 @ 300 dia ea
Deaign life/Serv, Peried (yrs) 1000/3 >25/3 »25 /3 N/A 10/3 10/3
10C Cost {$) 15.78 3.5B 10. 9B 430M 67.4B 1, 1B
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Table XXVII. Initiative Design Data - Civihian Support {Contd,)

CODE Cs5-10 Cs-11 Cs-12 CS-13
’ Orone Layer Inexpensive
TITLE - Vehicle Speed Space Debris Replen{shr{'lent! Mavigation
Control Sweeper Protection System
Orbit Apogee (n mi) 19, 300 19,300 80 - 120 19, 300
Conastellation Size . 3 1 1 1
1I0C Date 1990 1985 1985 1990
Launch Vc;ucles A; D A C A A, C
Number of Flights Az3 ; D=3 A=z10; C=1 Az140 A=1, C=1
Type of Structure ENDO N, AL EXO
Type of ACS 3-Ams M. AL 3I.Ax1s
Type of EPS Solar N. A. Solar
Power-Begin, Lafe 200 kw N, Al 1 kW
Weight:
Structure (Ib) 2,000 - 130
EPDS {lb) 4, 000 - 400
TT&C (1b) 200 - 100
ACS; GkN {lb) 600 - 100
Propellant (lb} 500 510, 000 . 200
Mission Equipment (lb) 2,500 . 100
Life Support {Ib} _ . _
Total Weaght {1b) 9, 800 8, 000, 000 1,350
Size ({t) 120 dia N, A, N. A, 2@ 1nmixl
Design life/Serv, Peraod [yrs) 10/3 N.A, N, A, 10/3
I0C Cost (5) 610M 130M 1.7B L30M
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APPENDIX C

COST ESTIMATION

L. INTRODUCTION

A computerized cost model was used to generate Study 2.5 init-
iative cost estimates. The use of such models allows rapid analysis of
a large number of programs in a systematic way. Briefly, the model:

() Accepts the physical, performance, and programmatic

data listed in Tables XXI through XXVII of Appendix B on
each satellite congidered.

(b) Applie's cost-estimating relationships that reside in the

model tc; the data,

(c) Simultaneously provides consistent program cost estimates

for all satellite programs.
The model alsc accepts adjustment factors to enable special cases to be
handled, such as the effect on cost of specific advanced technologies, In
the current study, a principal concern ig the estimation of costs for ex-

tremely large structures for future space applications.

The cost model is described below in terms of the inputs it re-
quires, the output it produces and the special considerations that must be
taken into account for this particular study. In addition, a discussion of

the assumptions underlying the cost estimates is presented.

IL. COST MODEL INPUTS

The model is oriented towards subsystems; hence, it requires
as inputs, physical and performance data that relate to the following sub-
system categories:
{a.) Structures (including environmental control and payload
assembly and integration).
(b) Flectrical Power
{c) Communications (including telemetry, tracking and com-
mand and data processing).
{d) Stability and Control (including guidance, navigation, stabil-
ization, and attitude control).

(e) Mission Equipment



Typical hardware items included in the above subsystem categories are
listed in Table 1.

The required spacecraft subsystem inputs are:
(2) Structures - weight
- structure type
(b) Electrical Power - weight
- beginning of life wattage
(c) Communications - weight
- orbit apogee
- orbit perigee
(d) Stability and Control - dry weight
- propellant weight
- number of control axes
In addition to subsystem information, certain program data is
also required. This includes the number of satellites in the constellation
and estimates of AGE and SE & TD costs, If titne-phasing of funding require-
ments is a desired output, cost spreading functions and schedules of flights
must be included. Finally, if launch costs are to be considered, launch
vehicle type, numbers of eac;h vehicle needed, and schedules of uses must

be inputted.

I, COST MODEL OUTPUT

The model produces several types of output, depending on the needs
of the user. First, a one-page detail sheet is printed for each satellite pro-
gram. It contains a summary of the subsystem input information, subsys-
tem and total satellite basic estimates for RDT&E and for unit cost, schedule
input data showing numbers of satellites and vears flown and time-phased
funding for RDT&E, Investment (unit cost times number of satellites) and
Operations (launch site support). * The basic cost estimate outputs for all
the satellite initiatives considered in this study are shown in the attached

computer printout,

—
o = > » - 3 L) - L]
If servicing of satellites is performed, servicing costs are also included
in Operations,



Table I, Payload Subsystem Definition

Subsystem Element

Typical Hardware

Subsystem Element

Typical Hardware

Command, Data Processing,
Instrumentation

(ALl elements of Data Processing,
instrumentation, telemetry
communications and coemmand. )

e Data Hdlg., Precessing,
Storage Equipment

e Signal Concitioners
e Transducers

& Transmatters, Beacons, Trans-
ponders

RCVRS/Decoders .
Multiplexers/Encoders
Antennas

RF Power Amplifiers

CMD. Data Storage, Timing

$ 5 5 &

Elegtrical

(All elements of electrical power
generation, control, distrmbution,
Also includes pyrotechnic hard-
ware.)

Batteries

Selar Arrays (Incl Structural
Panels, Solar Gell Diodes,
Interconnects, Qrientation Asgsy)

s  Voltage Regulators, Inverters

» Distnb,, Prumary and Inst.
Cabling

® Pyrotechmic Devices {Squibs, ete,}

Mission Equipment

{All elements which are mission-
peculiar and not part of the
supporting spacecraft. Includes
any data processing equipment
which is integral with experi-
ments, )

¢ Telescopes

o Cameras

e TV Cameras

» Physics Experiuments
.

Radiomel:erslSpectrometers ., etc,

Payload Assembly, Integsration

Structures, Mechanisms ® Spacecraft Structure
{All structural and mechanical s Equipment Supports
. elements which are not part of
the other functional subsystems. * Sun Baffles
Also includes install. of sub- ¢ Balance Booms and Extns., Mech,
systems into spacecraft, attach- .
ment of expertments and docking ¢ Antenna Oeployment Mech.
system for retrievable satellites.)l s Solar Array Deployment Mech.
» Retrieval Docking Ring
Environmental Control Thermal Louvers
{All elements which alter andfor | e Insulation .
control the temperature of the s s
payload and components ¢ Thermal Paints and Coatings
thereof, ) e Thermostats
& FHeaters
o Radwators, Heat Pipes
Guidance, Navigation, and e Position Sensors (Solax} Earth,
Stabilization Star)
(All elements which provide e Momentum Wheels
flight control, orbit positioning, s .
and attitude hold, but cxcludang * Flight Control Etectronics
thruster aystem. ) s Gyros
e Inertial Ref. Units
Propulsion ¢ Solid-Propellant Motors
{All elements which are provided Monoprepellant or Bi-Propellant
for major changes in velocity Thrusters
vectors. ) ¢ Tankage for Propellant,
Pressurants
Flumbing and Valves
Propellant, Pressurants
Attitude Control ¢ Cold Gas, Monopropsllant or
Bi-Propellant Thrusters
(Elernents for ¢ontrsol and/or
maintenance of attitude which ¢ Tankage {or Propellant, Cold Gas,
wnvolve maag «xpulsion. } Pressurants
e Plumbing and Valves
*

Pronellant, Pressurants

{All elements which are part of
the payload system but do not
remain with the payload in orbit. }

s Payload Adapters and Interstages
e Fairings (not §td. Eiut)

® Umbilicals

o Safety Devices

® Separation Devices

OF POOR QUALITY
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A summary output is also available that adds total satellite pro-
gram cost to the cost of launch vehicles for each satellite initiative. Each
program is added to others in the group, and subtotals and totals for the
misgsion model can be made available. Such listings for all satellite programs

considered in the study are shown in the attached computer printout.

Iv, LARGE SPACE STRUCTURES COST ESTIMATION

Many of the initiatives make use of extremely large but light-
weight space structures that are applicable to various kinds of reflectors,
antermas and solar arrays. These large arrays have been categorized into
nine generic types as described in Appendix B,

For cost-estimating purposes, previous work done as part of a
NA..éJA study of large solar power stations (Reference 1) was drawn upon
to quantify costs for large arrays. Figure 1 shows a cost-estimating re-
lationship for basic mission equipment RDT&E plus unit cost versus weight
of such eguipment. Figure !l also contains a plot of several OAQ telescopes
for comparison purposes. A projection of such costs for similar mission
equipment, but of much heavier weight and larger sizes, is illustrated by
the dashed line, Finally, plots are shown for active microwave and thin
film mylar reflector cost estimates derived from the synchronous solar
power station study described in Reference 1. It appears that the last two
plots tend to bracket most of the types of large structures under considera-
tion in this study. Accordingly, based on the information portrayed in
Figure 1 and the technical discussion in Appendix B, a scale of factors was
set up to quantify differences from the basic mission equipment cost pro-
jection, The factors selected for each type of large structure are listed
in Table IIL

It will be noted that the factors are the same for RDT&E and unit
cost in each case except for Type 9. It is assumed that Type 9 would be
difficult to develop but would be relatively inexpensive to produce.

Solar arrays are not included in the nine types described above;
however, many satellite initiatives reguire large solar cell arrays. For
cost-estimating purpos;&zs, it is assumed that array cosis developed for the
SSPS analysis described in Reference 1 could be applied in the current study.
Accordingl‘y, for large arrays the computer cost estimating relationships
are modified to reflect a projected decrease in solar cell costs similar to

those estimated for the SSPS study,
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Cost Factor

Type. * Description RDT&E Unit
1 Optical Reflector-Thin Film M:'L‘rror 0.2 0.2
2 Optical Reflector-Double Thin Film Mirror 0.3 _ 0.3
3 Optical Reflector-Cool Graphite Epoxy Mirrox 0.4 0.4
4 Optical Reflector-Hot Graphite Epoxy Mirror 0.6 0.6
5 Passive Microwave Reflector 0.5 0.5
6 Passive Microwave Antenna 0.7 0.7
7 Actix;e Microwave Antenna 1.0 1.0
8 Bootlace Lens Multibeam Antenna 1.5 i.5
9 Dielectric Lens Multibeam. Antenna 2.0 0.2

Table II. Large Space Structures Cost Factors




V. LAUNCH VEHICLE COST ESTIMATION

[

The cost results aim to show total expenditures required for IOC
and thus must include launch as well as satellite cost. A total of seven
launch vehicles and upper stages were considered, and numerous config-
urations are possible by combining these building blocks. The launch
operations cost assumed for each vehicle is shown in Table I of Appendix
B.

RDT&E and investment costs are excluded from the figures shown
in Appendix B, The costs represent preliminary estimates only and are

not-based on a detailed analysis of each vehicle.

VL COST ESTIMATING ASSUMPTIONS

In summary, the assumptions pertinent to the cost estimates pre-
sented in this study are as follows:
(a) All cost figures are stated in terms of constant 1975 dollars.
(b) Dramatic cost reductions are assumed for large space arrays
whether built as one large unit or as a 1a:rge number of smal-
ler but physically unconnected satellites.

(c) RDT&E costs are included for satellites only; not launch

vehicles,
(d) Cost through TOC only is included; not continuing operations.
VIL REFERENCES

Business Risk and Value of Operation in Space {(BRAVO}, .Analysis

of Solar Cell Power Satellite System. Briefing to Dr. Peter Glaser,
Arthur D. Little Inc. by Aerospace Corporation dated 18 Jan. 1974.



KIFIVOD 4004 do
6-0 81 @DVd TVYNIDINO

* H e oo P ¢8OS S e e e a0 8 % 4 Soasses et oleveooejes
1?35555##89545.&.18&993 o P COLONH € ORDINIINM oD 1_7...15019
WEIM DN N O MNEOO MR S 10D LFNM- OO 0SRn S e
A EYID Py b ORI LY S PN DA D O FOUNS  efPolod et M rdied 0 R IO
(5% SN\ | vt e 0 t el - Mo Ol -
L] L st =T
i 8 & s o e a9 WO s e g re e aoe « & % ®o ¢ a8 e 9 W ® 9 ® o s e O
e N O IN O OISO 0 QOO0 etlet TP o™ .333?-.9023,33:433? = o ]
W AN AT vl vl T A AP PO 0N [ D O b rdlivd . aledanm skam
il ot - - [} ~f O S NEET N Y
- - o i 0
-t
8 ® & s & %D O o sl e 9 as s a LI B BN SN I O B R RN - o T e & »a e
haian B 87=1 21oe Lol TAVIT Y . STVCT M T TN 1. SRS 0N N 895&95269259&1 v AL O
IO HAI TGN HTD MO i Y D Duinoo .t oo
OO IMHUNM AN MO O D R [N Pt el Al vl 8 gt N e
- O i -t ¥ 4 + M SO DO
-l . o0 gy
—
‘y
=
o
v .
o> La. O K kelldulou) L0 L EWIF i Z Ely
(a1 ATR Lo PR B e Sedn <X X el O LOZw X Z0 1t
=D T SOV _ICWA L H ) 1 O ALY SO ED =10 T T
LAY LD S WY A e T R w4 I § el D YI=fOFX O
WAL XD Y0 Y UBalfid g Z EXNOM T DY vt Zuky-tX ¢}
WHID ) AN HNDADID DO I TaidmdD U oo Q1 WONZOIE OMO="Trra
W i O[ZZ0 VIV CC ™ TZ0-0 |0 a |Z ufied
T DO AN O a0l Mmayimm 0 ITF 2T Z N MDD <O A N
ME LD NZ] ZNODOnDDRIDNDD = IO g0 < T3] LN eIl
QN> (1 A AN u NOOT|CQALT A 1T [ Nt.d
S HQ < il > < VLP =4 a i< Qftd b <t
A YDA YU EOL XA A X Z(ZZ NN N2 O ul> =02 3 Al 1R E)ENS =
DT L] § bl b YN 3 LS < O D XU Db T Ml O D O (<t Q
ASESPD.;X.AOEBBSOOSL LLT A XU NUe KDY b= T T hm g
' i M= m
| =i -
| ' 7. I I N ‘
i o i
r '
| P
! f
t . ! 1 !



017D

ALITVAD M00d J0
£I gOVd TYNIDIE0

..'..Llll

'L

* s

L

LI N ]

LI I A )

“w e e e e e s &

O HOO D A TWOR O 3 PR OO NI FNIDORD S Pk OIS INSICI OIS
I AM D00 U HO M SR N oI 28 13 =414 O AT OO
—Hdtn rotine g oy ?£151A533 [T TV L T N+ Hel DAL AN
-—4 . Pt 3 Iy e [ S wd -
H =L ' . - QO ®
i 1 i : i -~
“ m : ; _
i i ! 1 i
- - & 8 o * a9 .....L.l."...lﬁl. - 9 !..Lllll...
L TN [ NI NN, (U @ fHenominFolt [CammMMien e Hom £ O e A O M T
Lnl P LAt 111 SN 2 PR ) ~FOL O i D D T et -l oo 51—313 - LS AN W] LoARE 2o ] ¥
| - Oy [ LV 2] o [ TARTY (oalYs} - >
i iny . I -~ 3 - &
| N
| R D
_ { i i !
- & o P 4o % e .l...L..I * a v 4d & v L I o e P a '.'.l-
a1V (Folo 0 NEC I 3 Y| IMOOM AR 30 (IOHTE 4 O P RN T2 QBDL et
PO LV QI WM O (v D DD Jaobn s odaD e L]
e la RELSVLRVELE (o ¥ T 2 OO A A O [iINAINNAIMOIMM A O OO Leallsd _.1.:.¢
- N | ] LYY | YT Y b
00 H - L @
| _ ! !
A
u1
(o
Z 4
MO 1Ty OMi={in oy OO I | N 2=
L (-1, 1 Iy g e HOWOL o=z VO 2 X ] rulhaZ el
D TXalD - ACO <=0D uiZ Mmooz 4 oOToONGgA
o ANDDG E << 3 APENN0 SO OO w3 DIl
= ult) _J <t =20 (TT L [TT17, O Q EI=-0OWNit Ol
oA D yaodey 1Ded o T 1100 [T OV |[Tomo=z
- .74 =nm WS |uo O =l & 1)1 DEDILIY
B QINOA_LZ NN =T KRIOMZOZT AT O2Z ZT<q JulD0 |-
VO sl [ TP RN ST 4 — WAl Fhe 42 D X od-a0. 173
[ZIL5 -L JTHTR. IPT (=T = g0 ey AN AN A ] ALK O
O Y 2 AN M2 Y00 1] et Al QA
= IUE 5N T T3> T Y < T OO Z = M0 A MO T
[ AN [aTRIE) Jele) LOQ eV~ O <A H ¥ ¥ O ILHOCE T WA NOO
XX T M 0 T D 2O el T D Y DU b= O Z O D - L. L 2T 2 S A S
| et [a2] - | m m.a m
- 2 = » > o T ] =
o | 17 ] > (%) n> w)
- - Sed
x o Q

MILITARY AND CIVILIAN



