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FOREWORD

This report documents the results of Study 2. 5, "'Stady of the Commonality of
Space Vehicle Applications to Future National Needs, ' performed under NASA Contract
NASW 2727, during Fiscal Years 1975 and 1976, Capt. R. F. Freitag and Mr, F. S.
Roberts, Advanced Programs, Office of Space E:light, NASA Headquarters, provided
technical direction during the course of the effort, The report is being issued in separate

classified and unclassified versions.

This report is comprised of four separate volumes entitled:

Volume I Executive Summary
Volume II Final Report
Volume III ~ Detailed Data - Part I: Catalog of Initiatives, Functional

Options; and Future Environments and Goals
Volume IV Detailed Data ~ Part II: Program Plans and Common
Support Needs
The first two volumes summarize the overall report. The third volume presents
a catalog of the initiatives and functional system options; and thoughts on future environ-
ments and needs. The fourth v01u|me matches the "initiatives'' against the requirements

and presents detailed data on altelfnate program plans for alternate future scenarios, from

which likely supporting vehicle and technology needs are derived.

This volume contains the catalog of initiative system concepts; a data bank of time-
phased functional system options; considerations of the future environments and their implica-
tions on national needs and space goals; relationship between the goals and the initiatives; and

the methodology used for weights estimation.
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F-0125

The next several pages presenf an index to the catalog of initiatives. A simple
coding scheme is used to identify the initiatives. The first letter "M" or "C" designates
whether it is Military or Civilian., The|second letter, "O", gM, or "'S", designates whether
its main function is Observation, Communications, or Support. A number then represents

the chrorological file number of the initiatives within each of the above functions,

The initiatives appear in the data bank filed according to the above scheme,




INDEX TO INITIATIVES

CIVILIAN — OBSERVATION

CO-1
Co-2
Co-3
Co-4
CO-5
CO-6
Co-7
CO-8
C0-9
C0-10
Co-11
CO-12
CO-13
CO-14

Advanced Resources/Pollution Observatory
Fire Detection

Water Level and Fault Movement Indicator
Ocean Resources and Dynamics System
Multinational Air Traffic Control Radar
U.N. Truce Observation Satellite

Nuclear Fuel Locator

Border Surveillance

Coastal Anti-Collision Passive Radar
Astronomical Super Telescope
Atmospheric Temperature Profile Sounder
Synchronous Meteorological Satellite
High Resolution Earth Mapping Radar
Interplanetary T. V. Link

© CIVILIAN ~ COMMUNICATIONS

CC-1
CC-2
CC-3
CC-4
CC-5
CC-6

Globa! Search + Rescue Locator
Urban/Police Wrist Radio

Disaster Communications Set
Electronic Mail Transmission
Transportation Services Satellites
Advanced T.V. Broadcast

¥F-0125 Ri



CC-7
CC-8
CC-9
CC-10
CC-11
CC-12

|
INDEX TO IN ITIATIVES (CONT INUED)
votingiPIoniﬁg Wrist Set
Nationali Information Services -
Personatz Communications Wrist Radio

Diplomatic/U. N. Hot Lines
3-DfHolographic Teleconferencing

‘Vehicle/Package Locator

CIVILIAN = SUPPORT

CS-1
CS-2
CS-3
CS-4
CS-5
CS-6
CS-7
CS-8
CS-9
CS-10
CS-11
CS-12
CS-13
CS-14
CS-15
CS-16

Energy Generation - Solar/Microwave
High Efflmency Solar Energy Generation
Energy Generation - Nuclear/Microwave
Nuclear Waste Disposal

Aircraft Laser Beam Powering

Night {ljuminator

Personal Navigation Wrist Set
Multinational Energy Distribution
Energy Monitor

Vehicular Speed Limit Control

Space Débrls Sweeper

Ozone Layer Replenishmeént/Protection
Rait Anti-Collision System

Burglar IAiarmlintrusmn Detection
Power Rlelay Satellite

Near-Te1"m Navigation Concept

F-0126 R2



INDEX TO MILITARY INITIATIVES

(The index as well as the déscriptive material of the
initiatives have been deleted for security classifica-

tion reasons.)



E-1001

The facing page is a sample fogrmat used in presenting the data on the initiatives
in the catalog. Each initiative is described on one such format sheet. Each initiative has
had sufficief;t 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 const‘:ellation of the calculated perf%lrmance are given. The category of technological,
phenomenological, or hazard risk (low, medium, or high) is estimated. The time frame
during which the earliest conception of each initiative ¢could be acquired is estimated, The
space only ¢ost to the first operational capability incliding R&D, investment in the first
operational units, and the required boostjr costs is estimated. The performance is des-

cribed 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 above and beyond today's technology, those sections are left
blank.




E-1001R1

. PURPOSE

¢ RATIONALE

e CONCEPT DESCRIPTION \y

© CHARACTERISTICS
¢ WEIGHT
e SIZE . ‘
o RAW POWER v
¢ ORBIT

o CONSTELLATION SIZE
o RISK CATEGORY
» TIME FRAME

¢ |1OC COST
8 PERFORMANCE

¢ BUILDING BLOCK REQUIREMENTS

o TRANSPORTATION

¢ ON-ORBIT OPERATIONS
¢ SUBSYSTEMS

» TECHNOLOGY

e OTHER
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E-0937R2

l
ADVANCED RESOURCES/POLLUTION OBSERVATORY (CO-1}

® PURPOSE

To provide high quality, multispectral ea
and pollution data.

® RATIONALE
Integrated ERTS-like system, real-time d

rth resources

ata distribution

to worldwide users, active sensors neede
® CONCEPT DESCRIPTION

Active and passive sensors, large aperture, high, medium,

d,

and low resolution imaging obtained in muitispectral
region and radar. Data disseminated by Jaser link
through relay satellite,
® CHARACTERISTICS
e WEIGHT 30,000 1p
e SIZE 10 x 60 ft
+ RAW POWER 12 kW
o ORBIT 500 nmi|sun synch.

o CONSTELLATION SIZE 1

e RISK CATEGORY | {Low}
e TIME FRAME ' 1985
e [OC COST (Space only} 350 M

© PERFORMANCE

Muitispectral resolutions varying from <]10 to <100 ft

obtained worldwida.

© BUILDING BLOCK REQUIREMENTS

e« TRANSPORTATION

Shuitle and tug

/ MULTISPECTRAL \

SIDE-LOOKING RADAR

N ; T ——
~
\ ~ \ 10 nmi SWATH &

\VW \ 100 nmi SWATH
\

MULTISPECTRAL
RESDLUTION \

200 pml SWATH

HESOLUTION = B0 ft

\ COVERAGE EVERY 6 HOUHS

¢ ON-ORBIT OPERATIONS Shuitle attached manipulator, servicing stages

e SUBSYSTEMS
e TECHNOLOGY

e OTHER None

Gundanala and navigation: attitude control; transmitter
Large radar antenna; high power tubes and modulator; LS| data processor



FIRE DETECTION (CO-2)

® PURPOSE

To detect fires in remote regions, maintain surveillance
of hot spots, fire perimeters.

¢ RATIONALE

Fire damage can be minimized by early detection, and
firefighting with knowledge of extent and progress.

® CONCEPT DESCRIPTION
Satellite with short and long wave infrared sensors

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

® CHARACTERISTICS

» WEIGHT 25,000 Ih

s SIZE 15 x 60 ft

¢ RAW POWER 2 kw

+ ORBIT Synch. Equat.
¢ CONSTELLATION SIZE 1

¢ RISK CATEGORY | {Low

e TIME FRAME 1985

¢ 10C COST (Space only) 230 M
® PERFORMANCE -
Detects fires as small as 10 x 10 ft. 1ocation accuracy
<300 ft. Resolution =300 ft - U. S. coverage every
2 1/2 minutes.

@ BUILDING BLOCK REQUIREMENTS

E-0938R2

IR, CCD, MCSAIC
DETECTORS, 120 in. OPTICS

UsSA SCANNED

EVERY 2.5 min
105 RESOLUTION ELEMENTS
iN 20

A nmi -
SCANNED OVER USA
300 ft RESOLUTION

+ TRANSPORTATION Shuttle and large tug
¢ ON-ORBIT OPERATIONS  Automated or manual servicing unit
. e SUBSYSTEMS Attitude control; sensor
¢ TECHNOLOGY Large optical mirror; LS| data processor; CCD focal plane
» OTHER None
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WATER LEVEL AND FA

e PURP

¢ RATIONALE

I
Prediction of earthquakes, floods, droughts, and
accurate water resources would be of great socia]

and economic benefit.

@ CONCEPT DE PT
Picosetond(10'§5 RIPTION

and floats, efc.
@ CHARACTERISTICS

WEIGHT

SIZE

RAW POWER

ORBIT
CONSTELLATION SIZE
RISK CATEGORY

TIME FRAME

10C COST (SPACE ONLY}

® PERFORMANCE

oo 9 VOSSO E

Relative range obtained to . 0. 3 millimeters at any
nq)mber of points separated by 100 meters or morg.
0” instrumented points can be measured every hour.

® BUILDING BLOCK REQUIREMENTS

* TRANSPORTATION

* ON-ORBIT OPERATIONS
¢ SUBSYSTEMS

¢ TECHNOLOGY

* OTHER

12

SE . .
0 ma?e precision measurements in many 3 C
rapid succession for aid in earthquake prediction,
water resources establishment, disaster use, etc.

second sec) pulsed laser radar in orbit obtains
precision differential range measurements from corner
reflectors implaced on beth sides of faults, rlver!banks

H

ULT MOVEMENT INDICATOR (CO-3)

E-7221R3

faces in

LAS
4

esenn®

i

800 Ib !
0.5 m optics
250W

?eostatlon;ary

| {Low)

1985
50M

)

R RADAR SATELLITE IN GEOSTATIONARY ORBIT

oeMm CS
PICOSECOND FULSES

2 MICRORADIAN POINTING
oW GE POWER
104 j PER PULSE

OPTE

AVERA

10 cm CORNER
REFLECTORS TO

DETECT RELATIVE
FAULT MOVEMENT

RIVER

CORNER REFLECTORS
ON POSTS AND

FLOATS TO DETECT
RELATIVE WATER LEVEL

Shuttle, 104S/Tug -
Automafed(!lor manned servicing
Picosecon

i

receiver, transmitter, 2 «r pointing
Streak caniera converter, mode locked laser and switch




OCEAN RESOURCES AND DYNAMICS SYSTEM (CO-4)

® PURPOSE

To locate schoois of fish and to map ocean

dynamic signatures,

o RATIONALE

Fish protein resource yield needs to be maximized due
to world protein shortage. Mapping instruments needed.

® CONCEPT DESCRIPTIO

Temperature and emissivity I§ifferen¢:es in surface water |-
caused by schools of fish, currents, and plankton
concentrations are detected by the
self-emission in the long-wave infrared,

® CHARACTERISTICS

* WEIGHT

s SIZE

e RAW POWER

¢ ORBIT

* CONSTELLATION SIZE
RISK CATEGORY :

TIME FRAME
10C COST (SPACE ONLY)

¢ PERFORMANCE

100-ft resolution attained over all ocean surfaces
every 12 hours, Sensitivity equivalent to 0,002 deg C

achieved,

® BUILDING BLOCK REQUIREMENTS

¢ TRANSPORTATION

* ON-ORBIT OPERATIONS
© SUBSYSTEMS

¢ TECHNOLOGY

¢ OTHER

ifferences in their

F-0118R2

15,000 Ib

10 x 60 ft

25 kw

300 nhmi polar

[

| {(Low}
1985
300 M

v S
o,,”’<i N

RESOLUTION

= 100 #t x 100 ft \

v,

1o )
L PLANKTON oR ¥
# r WEEK FEEDING ;
70 AREAS,
o,
l|.\-.~l l.l .
e ©F

il
IRLAVRR SRy ¥

\
\

+ LWIR SENSOR

+ 2000 DETECTORS-COQLED
10 ft OPTICS-UNCDOLED

+ CRYOGENIC REFRIGERATOR

|
300'--"5."“_2'_?5:1* ll!
S~
~ \
24 Mhz

SYNCHRONOUS EQUATORIAL
DATA RELAY SATELLITE

DATA
BANDWIDTH

i,
' {CURRENTS
-"\- v l.“

Shuttle
Shuttle attached manipulator

Thermal dissipation, sensor, cryogenic cooler '
Large LWIR sensor: cryogenic refrigerator; LS| data processor

None
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" E-7649R2

MULTINATI ONAL AIR-TRAFEIC CONTROL RADAR (CO-5)
® PURPOSE .
To extend radar coverage beyond the line-of-sight for ORBITAL DIFFRAGTORS
Air Traffic Surveillance, and avail other countries 250 n 250 4 ”
. R 19: (;I;:Asznée satellites. il T bESh
250 ft
Radars are costly and many are required today [due 300 nmi ALTITUDE [‘ﬂ: ;
to line-of-sight fimits. INCLINATIONS et
® CONCEPT DESCRIPTION B .
Orbital diffracting passive arrays allow large coverage /
from .a few central radars. Scanning accomplished ' /
by orbital motion and frequency shift. /
o CHARACTERISTICS A
o WEIGHT 3,700 Ib /
» SIZE 250 x 250 fi
e RAW POWER 1 kW 0
. ORBIIT 300.nmi, 35-5( 600 miles
¢ CONSTELLATION SIZE 150 '
e RISK CATEGORY I (kow) {
» TIME FRAME 198 3 . 60 f+ DIA
» 10C ‘COST (Space only) 30 M SSkD aRp" 2"
® PERFORMANCE 60 mites el
All aircraft equipped with 10 W beacons detected .
reliably for enroute control every 4 min. U, S, A. e
coveréd with three radars. Smaller countries feed ADON ON AIRCRAFT = 104 POWER
only 1 -2 radars. .
¢ BUILDING BLOCK REQUIREMENTS L
« TRANSPORTATION Shuttle
« ON-ORBIT OPERATIONS Shuttle manipﬁjlator, automated or manual assembly/ servicing
» SUBSYSTEMS Attitude control, structure
¢ TECHNOLOGY lon thruster, Structural rigidity

e OTHER None




U.N. TRUCE OBSERVATION SATELLITE (CO-6)

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

¢ RATIONALE
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.
® CONCEFT DESCRIPTION
One low altitude satellite with visible light optics for

daytime monitoring and infrared optics for night-
time operation.

@ CHARACTERISTICS

o WEIGHT 4,000 Ih

¢ SIZE 15 x 60 ft

e RAW POWER 3 kW

e ORBIT 225 nmi near-polar
e CONSTELLATION SIZE 1

¢ RISK CATEGORY | (Low}

o TIME FRAME 1985

e IOC COST (Space only) 90 M

© PERFORMANCE
Ground resolution, <6 ft. (Visible} 120-ft [. R.
Location accuracy, 300 ft. Truce area covered
twice a day.

¢ BUILDING BLOCK REQUIREMENTS

E-0939R2

I

226 nmi
CIRCULAR ORBIT

COMMAND
AND READOUT

4000 b SAT

¢ TRANSPORTATION Shuttle

o ON-ORBIT OPERATIONS  Shuttle attached manipulator

e SUBSYSTEMS Focal plane

e« TECHNOLOGY Similar to weather satellites and ERTS; CCD focal plane
¢ OTHER -

15
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® PURPOSE .

To detect and locate all nuclear reactor fuel elements ‘

continuously wherever they are.

® RATIONALE

Real~time monitoring of location of nuclear material 16 BEAMS
needed to prevent proliferation of weapons and nuclear

blackmail,

® CONCEPT DESCRI
Clgz)ich assembly or%lgnETION

15sem| iner is tagged with a microwave
generator in a tamper-indicating case, The uniguely coded
signals are transponded by four satellites and the position
computed by time-difference-of-arrival on the ground.

E-0940R3
NU CLEIKR FUEL LOCATOR (CO-7)

4 TRANSPONDER SATELLITES
IN 24 HOUR ELLIPTICAL
INCLINED ORBITS

42 ft DA
ANTENNA

/TN PN

L

\
il

10 mW AT
3000 MHz

® CHARACTERISTICS l’ 2
" © WEIGHT 3000 Ib [ /’ )Y/ " , mos \\‘**-
® SIZE 42 ft antenna ) / / i !
. gangPOWER 35(]0 Wh Eiliot./Inl DEPOT ‘{i v/ ) ( S:CT:ETJ::TUBE
o nch. Ellipt./Incl. - .
e £ | S I N e
. oW g 7 !
¢ TIME FRAME 1985 \ ;ﬂ.'i“" sl
® |OC COST (SPACE ONLY) 270 M N Koo A Eﬁ%ﬁ%n _/"I]ﬂ [l
® PERFORMANCE = ()&
Each fuel assembly identified and located to 500 ft neacton {7 ] 0l il {0
continuously, whether in a reactor building, injtransit, I I
or in storage; 10,000 assemblies tracked simultgneously. " :
® BUILDING BLOCK REQUIREMENTS n ] 7
¢ TRANSPORTATION Shuttle and Tug i . '
¢ ON-ORBIT OPERATIONS Automatedrlor manual service unit
¢ SUBSYSTEMS Antenna, transponder

¢ TECHNOLOGY
¢ OTHER

Multibeam|antenna - multi-channel transponder

LS| ground multi-channel cross-correlator receivers; high temperature
and high radiation resistant vacuum tube transmitter and code generator;
thermopile| electrical generator; tamper alarm. Roof transponders.



£-0941R4

BORDER SURVEILLANCE (CO-8)

¢ PURPOSE
To detect overt or covert attempts at crossing 9 &
a border. N

® RATIONALE , o
Flow of illega! aliens and drug traffickers is a major

. . cppe SYNCH.EQU
problem, Detection is difficult along long, unpatrolled RCauNELs ORI

borders o2 B SAI
® CONCEPT DESCRIPTION Lo
Very many, very small seismic sensors are read out STATIONKEPT 25'
by a satellite with very large antenna. Penetration causes . CONTROL umiT
vibrations which are picked up and correlated at a / - DNE MILLION SENSORS
central site. « ONE THOUSAND CHANNELS
® CHARACTERISTICS / i
¢ WEIGHT 8000 Ib s °
o SIZE 9000 ft x 9 ft o e g el
o RAW POWER 20 kW o o g
¢ ORBIT SynCh. Equat. SENSORS <
e CONSTELLATION SIZE ] « POWER: 10 mW 100 &
» RISK CATEGORY [l {Medium) | ilee Se O>~
s TIME FRAME 1990 * s WEIEN
¢ 10C COST (Spaceonly) 170 M EXCEEDED 5 “FENCES"™
@ PERFORMANCE
Virtually all moving objects detected, False alarms sorted
by correlation between sensors and fences. Sensor life

3.5 years at one penetration attempt per sensor per
month.

. ® BUILDING BLOCK REQUIREMENTS

o TRANSPORTATION Shuttle and tug

o ON-ORBIT OPERATIONS Automated or manual assembly and servicing unit

¢ SUBSYSTEMS Structure; attitude control; antenna

¢ TECHNOLOGY - large passive microwave antenna - stationkeeping subsatellites: laser master measuring
s OTHER Small, light, long-lived sensor units which are very and control unit

cheap in mass production.

17
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E-0942R4
COASTAL ANT1-COLLIS10N PASSIVE RADAR (CO-9)

© PURPOSE
Inexpensive and lightweight radar for ail surface
vessels - navigation; collision avoidance.

2 SATELLITES, 30° APART IN SYNCHRONOUS EQUATORIAL ORBIT

® RATIONALE
Conventional radar too expensive and interference
prone, Pleasure craft usually denied radar benefits.

10 PHASED ARRAYS,
EACH 1000 x 1000 1,
100 kW AVEHASGE POWER

® CONCEPT DESCRIPT
[Titminate see(t;coasts v'v?th' scanning microwave beams

from space. Scanning receiving antennas on boats
obtain range and angle data on hazards.

® CHARACTERISTICS

o WEIGHT 2,000,000 Ib ' "9
e SIZE 1,000 x 10, 000 ft '!lll
e RAW POWER 3 MW ‘lli'
: ggﬁgﬂmnom Siz yneh. Equat. l"i’
. E 2 . /) EOVERED, EALH 200 x 200 amf
» RISK CATEGORY 11 (Medium) ¢
e TIME FRAME 1995 %
e 10C. COST 10B 7

© PERFORMANCE

\ L . 2 ... & 1+ — EACH AREA SCANNED IN
Relative location of ali objects >100 m” within RAUMINATOR BEata™
12 nimi range. 100 x 300 ft accuracy in 50° sector.
3 x 0.5 ft antenna in vessel. Unlimited number of %
users,
© BUILDING BLOCK REQUIREMENTS
o TRANSPORTATION LLV and largei tug or farge SEPS
e ON-ORBIT OPERATIONS Automated or|manual servicing unit; assembly in orbit
s SUBSYSTEMS Structures; altitude control; antenna; power

¢ TECHNOLOGY Large adaptivei microwave antenna; high power transmitters: prime power source.
e OTHER



E-0943R4

ASTRONOMICAL SUPER TELESCOPE (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 DESCRIPTIO
cross-array of vgible !Igfﬂ and 100 zm mirrors is

phase controiled at mirrors or near focal plane for
constructive interference. Laser link to other
Cross-array.

® CHARACTERISTICS

e WEIGHT 40,000 Ib
o SIZE 800 ft cross
@ RAW POWER 10 kW
* ORBIT 300 nmi circular
o CONSTELLATION SIZE  2-100 km apart
¢ RISK CATEGORY - IV (High)
» TIME FRAME 2000
¢ IOC COST (Space only) 430 M
©
PE#(ECP ;;Ra%ng(cm%asurements to 6500 light years with

one cross. Resolution of one cross = 3 x 10-9 radians.
Resolution of 2 crosses = 10711 radians,

© BUILDING BLOCK REQUIREMENTS
o TRANSPORTATION Shuttle

FOCAL UNIT IS STATIONKEPT
1 km FROM CRODSS

- CROSSARRAY OF 21 - 2.m DIA
MIRRQRS

- ARM LENGTH = 240 m

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

———
-— —

PAIR OF
CROSS TELESCOPES,
100-km SEPARATION

1000-km ORBIT

o ON-ORBIT OPERATIONS Automated or manual service unit, manned assembly

o SUBSYSTEMS
o TECHNOLOGY
o OTHER

Mirrors, stationkeeping, structure, sensor, phase control mechanism
Adaptive focal plane, mirrors, stationkeeping sensors

19



ATMQSPHERIC TEMPERATURE PROFILE SOUNBER (CO-11)

& PURPOSE
To measure actual profiles of temperature in th

atmosphere.

3]

® RATIONALE
Weather prediction requires knowledge of temperature
profiles, as well as other phenomena,

® CONCEPT DESCRIPTION
Pulsed laser vibrationally excites CO2 or H20 molecules,

Subsequent rotational transitions in the millinmeter wave
spectrum show temperature dependence which|is
measured by ratio of energy in several lines.

® CHARACTERISTICS

e WEIGHT 4000 1b

¢ SIZE 30-ft diajantenna
o RAW POWER 5'kW

® ORBIT 600-nmi polar

* CONSTELLATION SIZE 4 .

s RISK CATEGORY HI (Medium)

° TIME FRAME 1990

¢ [OC COST (SPACE ONLY) 250 M

® PERFORMANCE . |
Entire atmosphere measured, with resolution of 300 ft
horizontally and 100 ft verticaily, every four hours,
E{"'SSL%?] tllnes and signal strength imprecisely|defined
at present.”

® BUILDING BLOCK REQUIREMENTS

E-0944R3

mm WAVE|30 ft DIA ANTENNA

-
P e PULSED CO2 LASER
- 4+in, OPTICS
1-kW POWER

ATMOSPHERE

® COy, H20 VIBRATIONALLY EXCITED
& MILLIMETER WAVES RADIATED
BY ROTATIONAL TRANSITIONS

/

SURFACE

\]
600 P
— TR

e TRANSPORTATION Shuttle and tug/IUS

¢ ON-ORBIT OPERATIONS Automated service unil/ Shuttle-attached manipulator

¢ SUBSYSTEMS Antennal laser, attitude control . .

¢ TECHNOLOGY Laser, power dissipation, antenna, pointing, sensitive heterodyne receiver

e OTHER



E-0909R4

SYNCHRONOUS METEOROLOGI CAL SATELLITE {CO-12}

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

® RATIONALE
High resolution and frequent coverage of globe are

needed for forecasts.

e 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.

@ CHARACTERISTICS

o WEIGHT 3,000 Ib

e SIZE 5 x 301t

¢ RAW POWER 1 kW

¢ ORBIT Synch. Equat.

o CONSTELLATION SIZE 3

s RISK CATEGORY ! {Low)
¢ TIME FRAME 1985
e 10C COST "(Space oniy} 190 M

€ PERFORMANCE
Ground resolution 300-ft dia. Scan rate: earth coverage
in 20 sec for clouds, etc, Detailed measurements of
spectrum every 200 sec.

¢ BUILDING BLOCK REQUIREMENTS

o TRANSPORTATION Shuttle and tug
¢ ON-ORBIT OPERATIONS

3 ft DIA OPTICS
VISIBLE LIGHT TELESCOFE

SYNCHRONOUS
EQUATORIAL
ORBIT

MICROWAVE
OR LASE

COMMUNICATIONS
LINK

300 ft RESOLUTION

160 nmi SWATH

Automated or manual servicing unit

e SUBSYSTEMS Laser for communications
o TECHNOLOGY Laser communications {ink, LS| computer
e OTHER Weather prediction algorithm
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E-5832R2

HIGH RESOLUFTION EARTH MAPPING RADAR (CO-13)

® PURPOSE

To provide maps of the surface with high resolution 25 MW REACTOR

through cloud cover.

¢ RATIONALE
Resources, poliution, crop, water, and other,

may be aided by high resolution and frequent

regardiess of weather.
® CONCEPT DESCRIPTION

Synthetic array radar of very high power prcm|

resolution. On-board image processing allows micro-

wave data fink for all weather capability.
© CHARACTERISTICS

o WEIGHT 110, 000 Ib
o SIZE 16 x 100 ft
e RAW POWER 2.5 MW

e ORBIT 200 nmi p
¢ CONSTELLATION SIZE 1

* RISK CATEGORY Il (Mediu
e TIME FRAME . 1990

e 10C COST (Space only) 500 M

o. PERFORMANCE
200 nmi ground swath mapped fo less than a f
resolution once a day. U.S. covered every si

¢ BUILDING BLOCK REQUIREMENTS

o TRANSPORTATION Shuttle

¢ ON-ORBIT OPERATIONS Shuttie m
« SUBSYSTEMS Thermal,
¢ TECHNOLOGY High powe
¢ OTHER None

ik days.

RARIATOR
THERMOELECTRIC

o0 ot ORBIT__ GENERATOR
. - i RADAR
ohservations |- 16 & 1 MW mmmu\

POWER.
coverage Ly —~

100 ANTENNAS,
EACH 1 x 16 f1,

i ikl

ides high

DATA LINK
—'_.___.
,Iar % \
Reo e
m)

aw feet

EACH ANTENNA
COVERS 2 x 32

nmi 200 nmi SWATH MAPPED

anipulator; servicing

nuclear, power generator, radar
r transmitter; automated image processor, reactor, shielding




INTERPLANETARY T. V. LINK {CO-14

o PURPOSE

To provide for color T. V., live reception over
planetary ranges.

® RATIONALE

Complex missions and information needs will require
live T.V. communications.

¢ CONCEPT DESCRIPTION
Large reflector in synchronous orbit is used to detect
laser energy from planetary probe, and modulates

microwave transmitter. Signal detected by earth
tracking station.

® CHARACTERISTICS

s WEIGHT 1,000 Ib

o SIZE 50-ft dia

* RAW POWER 250 W

s ORBIT Synch, Equat,
¢ CONSTELLATION SIZE 1

¢ RISK CATEGORY I (Low)

e TIME FRAME 1985

¢ 10C COST{Space Only) oM

® PERFORMANCE
Live - 60 frames/second color T.V., commercial image
quality {or equivalent) transmitted over 20 million miles
to 60-ft ground antennas. 4in. laser and 10W suffice

in transmitter.
& BUILDING BLOCK REQUIREMENTS

F-0117R2

MERROR

MICROWAVE

N4

/

SYNCHRONOUS \ N
ORBIT \ N

\

/
PHOTOMULTIPLER TUEE /
K DETECTOR ARRAY 4

/

TRANSMITTER /

/——\\—-Q:\

&

60 &t RECEIVING
ANTENNA

4 in. OPTI
oW FoweR - “ASER

Sy

LINK CAPACITY

* LIV
. COMMERCIAL COLOR
RECEPTI N
* & BAND TELEM
* 60 FHAMESIuoc FIE LINES
* DIGITIZE

o TRANSPORTATION Shuttle, 1USftug

¢ ON-ORBIT OPERATIONS  Automated servicing

¢+ SUBSYSTEMS Thin film mirror

¢ TECHNOLOGY Thin film self-supporting structure

¢ OTHER


http:PHOTOMULTIP.ER
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|
GLOBAL SEARCH + RESCUE LOCATOR (CC-1)

® PURPOSE _
To locate emergency transmitters worldwide; to
small, lightweight transmitters.

© RATIONALE

Search for rescue is expensive and not always
successful.

@ CONCEPT DESCRIPTION
Coded, small transmitter in emergency package
by traveling boats, aircraft. Signals received a
transponded by sateilites, and location compute
TDOA techniques.

® CHARACTERISTICS

o WEIGHT 15001 °

o SIZE 5 x 20 ft

e RAW POWER 1 kW

e ORBIT Near-Synch., or Med
e CONSTELLATION SIZE. 20

¢ RISK CATEGORY i (Low)

¢ THVIE FRAME 1985

¢ 10C COST (Space only) 350 M

® PERFORMANCE
Location of up to 1000 simultaneous emergency

allow

carried

nd
d by

Alt.

transmitters

to 500 ft in three coordinates, anywhere, worldwide,

® BUILDING BLOCK REQUIREMENTS

¢ TRANSPORTATION Expendable or shuftle and tug
¢ ON-ORBIT OPERATIONS Automated ser\:licing unit

e SUBSYSTEMS No unusual reguirements

¢ TECHNOLOGY No unusual re’quirements

o OTHER None

E-0928R2

CONSTELLATION OF
4 TRANSPONDERS

3 ft DIA ANTENNA
1 CHANNEL

POSITION FIXING
WITHIN 500 ft
IN 3 DIMENSIONS

EMERGENCY
TRANSMITTER

1W PEAK
10 mW AVERAGE
LIFE = 1 MONTH

UNIQUE CODE
SELF CONTAINED




URBAN/POLICE WRIST RADIO (CC-2)

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

® RATIONALE
Portable/personal sets needed to increase police
mobility/ safety, 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 difficult,

® CHARACTERISTICS

¢ WEIGHT 18,000 ib

e SIZE 200-ft dia antenna
¢ RAW POWER 75 kW

¢ ORBIT Synch. Equat.

o CONSTELLATION SIZE 1

o RISK CATEGORY | (Low}

e TIME FRAME 1990

o 10C COST (Space only) 390 M

¢ PERFORMANCE i
10 Channels/ city area, 250 areas simultaneously.

Resists 1 kW uplink jammer and 40 kW downlink jammer
two miles distant.

® BUILDING BLOCK REQUIREMENTS
¢+ TRANSPORTATION

E-0930R2Z

200 ft
20

~3

BAND

. DIA ANTENNA
. FIXED
s 25 kW TRANSMITTER
« 10 CHANN

ELS/BEAM

SYNCH, EQUAT.
ORBIT

o WRIST TRANSCEIVERS

o 01W ER.

« ANTI-JAM VOCODED
VOICE

o 2 0z WEIGHT

® 24 LIFE

» 250 URBAN AREAS
COVERED Q
« 10 CHANNELS/AREA

« 120 nmi COVERAGE/AREA

“\3

QY

Shuttie and large tug or SEPS

» ON-ORBIT OPERATIONS Automated or manual servicing unit; assembly on orbit

¢ SUBSYSTEMS Attitude control; antenna; processor
¢ TECHNOLOGY
o OTHER Wrist transceiver, LSt technology

Large multibeam antenna; multi-channel transponder; LS processor; multi-access

techniques
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E-0929R2

DISASTER COMMUNI CATIONS SET (CC-3)

@ PURPOSE
To'provide communications, command, and control 20 1 DIA ANTERTA
to disaster area emergency personnel. + 20 FIXED BEAMS
*« 25 kW TRANSMITTERS
® RATIONALE SYNGH. EQUAT.

Lack of communications hampers quick and effective
handling of emergencies.

® CONCEPT DESCRIPTION
Wrist 2-way transceivers connected to each pther and
to control centers through multi-channel Comsat.
Anti-jam.

@ CHARACTERISTICS

® ;\NEIGHT 18,000 Ib
e SIZE 200-ft dia antenna
¢ RAW POWER 75 KW
> CONSTELLATION SIZE prref Fa AT
@ RISK CATEGORY I (Low) e (OO
o TIME FRAME 1990 .
» [OC COST 390 M 250 FIXED BEAMS O
® pERFORMANCE FOR URBAN C+C

Provides 10 disaster areas and 250 urban certers with
10:channels of voice communications each. |Secure,
anti-jam coded.

¢ BUILDING BLOCK REQUIREMENTS

o TRANSPORTATION Shuttle and|large tug or SEPS

¢ ON-ORBIT OPERATIONS  Automated or manual servicing unit; assembly on orbit

e SUBSYSTEMS Attitude control; antenna; processor

¢ TECHNOLOGY Large multibeam antenna; multi-channel transponder; LS| processor; multi-access
o OTHER None techniques




ELECTRONIC MAIL TRANSMISSION (CC-4

e PURPOSE

To speed up delivery and lower costs of most mail.
To service thinly populated areas.

® RATIONALE

Delivery of physical letters is slow and needless in most
cases when locally reproduced facsimile could do.

e CONCEPT DESCRIPTION
Page readers and facsimile printers at each post office
read, transmit, receive, and reproduce mail. Satellite
acts as multi-channel repeater. ‘

© CHARACTERISTICS

¢ WEIGHT 20,000 b
» SIZE 200-ft dia antenna
o RAW POWER 15 kW
e ORBIT Synch. Equat.
s CONSTELLATION SIZE 1
* RISK CATEGORY 1 {Low)
» TIME FRAME 1990
» 10C COST (Space only) 430 M
® PERFO.

Transmi'tzsh?é%gll%ﬁe at 10 pages (8 1/2 x 11 per second
per post office. Up to 100, 000 post offices serviced in up to
50% of area of U, S. A. Total service = 100 billion
pages/day.

¢ BUILDING BLOCK REQUIREMENTS

E-0931R3

3 ft ANTENNA
005W POWER PER
RURAL OFFICE

N

100 CHANNELS/BEAM
5 kW RF POWER

1000 AREAS COVERED
WITH 100 FOST OFFICES
PER AREA

SYNCH EQUAT.
ORBIT

{100,000 POST OFFICES TOTAL)
S S

-

e TRANSPORTATION Shuttle and large tug or SEPS

o ON-ORBIT OPERATIONS Automated or manual servicing unit; assembly on orbit

¢ SUBSYSTEMS Atitude control; antenna; processor

¢ TECHNOLOGY Large multibeam antenna; muitti-channel transponder; LSI processor; multiple-access
e OTHER None techniques
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TRANSPORTAT

® PURPOSE

Simultaneously satisfy traffic control, air supveillance,

navigation, position fixing, command/ control
multiplicity of uses.
® RATIONALE

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

stem o meet all needs for all users.
RER S L ALRTES 1N

Comsat transponders are used, with four inv
at different angles/ ranges, to provide TDOA pc
fixing and 2-way communications.

@ CHARACTERISTICS

e WEIGHT 1400 b

o SIZE 6x8 ft

¢ RAW POWER 600 W

o ORBIT 8000 nmi pola
] CONSTELLATION SIZE 20

. RISK CATEGORY | (Low)

® TIME FRAME 1985

. loc COST (Space only) 350 M
® PERFORMANCE
100, 000 users serviced; position to 30 ft, surve
of beacon to 100 ft, digital communications of
100 kb/sec.

¢ BUILDING BLOCK REQUIREMENTS

¢ TRANSPORTATION Expendable or
-« ON-ORBIT OPERATIONS Automated sel
¢ SUBSYSTEMS No unusual r
s TECHNOLOGY No unusual r

e OTHER ' None

—y

ION SERVICES SATELLITES (CC-5}

E-0932R2

for

agencies

ew of user
sition

iillance

A

20 SATELITES - AT LEAST FOUR N VIEW OF
ANY USER

- ON-BOARD NAVIGATION {10 ft)
- SURVEILLANCE BEACQN (100 i)
- DIGITAL COMM: 100 Kb/s
- VOICE COMM: 10 DUPLEX

S

/&%

SERVICE 10
> 100,000 USERS

shuttle and tug
vicing unit
equirements
equirements




E-7217R2

ADVANCED T. V. BROADCAST (CC-6}

® PURPOSE
To make T.V. available to all locations in U. S., with
small receiver antennas, EGSTATIONARY
+ C BAND g
® RATIONALE + 23 TRANSMITIERS, EACH 100W
Mountainous, rural, and remote areas currently have * & KW TRANSMITTED POWER

B6 ft DIA LENS

poor or no service due to line-of-sight transmissions. ANTENNA
® CONCEPT DESCRIPTION ) TRANSMITTER
Powerful satellite in geostationary orbit makes reception T BOWeR " 1 DIoH:
possible in all U, S. areas with very small antennas. ,
100 CHANNELS
10 ft DISH, 1 kW

® CHARACTERISTICS MY
o WEIGHT 14,600 ib ‘l I\
» SIZE 56-ft antenna . W ar el
e RAW POWER 150 KW T AT
e ORBIT Geosynchronous ra TP S
» CONSTELLATION SIZE !
» RISK CATEGORY } {Low)
o TIME FRAME 1990
» [OC COST (Space only) 460 M 20 GOVERAGE AREAS T ‘.
® PERFORMANCE EAcH S0l o {2
512 color T. V. channels broadcast to U. S. land area, ANTENNA PER HOME
covered in 250 beams, each with 90-mi foolprint.
Local stations can distribute program anywhere,
® BUILDING BLOCK REQUIREMENTS
» TRANSPORTATION Shuttle and large tug or SEPS
o ON-ORBIT OPERATIONS  Automated or manned servicing
e SUBSYSTEMS 100 W output tube, 60-ft multibeam antenna

s TECHNOLOGY Processor/filters
s OTHER None



VOTING/ POLLING WRIST SET (CC-7)

® PURPOSE

To provide direct access to entire population for
voting or polling purposes.

© RATIONALE .
Voting and polling are time-consuming processe,
subject to many errors due to small sample size.

@ CONCEPT DESCRIPTION o
Multi-channe! satellite queries wrist radios, ant
responses to Washington from individual voters.

_ voter pseudo-randem codes.
® CHARACTERISTICS

® WEIGHT 13,000 1b

o SIZE 150-ft dia anten
o RAW POWER 90 kw

& ORBIT Synch. Equat,

o CONSTELLATION SIZE 1

¢ RISK CATEGORY | {Low)
o TIME FRAME 1990
e 10C COST(Space only) 300 M

® PERFORMANCE
100, 000, 000 people polled/vote in one hour, An

10-bit message relayed automatically upon query
by satellite.

¢ BUILDING BLOCK REQUIREMENTS
¢ TRANSPORTATION
o ON-ORBIT OPERATIONS

* SUBSYSTEMS Altitude control

n

i relays
Unique

=

Shuttle and tandem tug
Automated or manual servicing unit; assembly on orbit

 TECHNOLOGY

s OTHER LS wrist trans

30

iver

E-0933R4

1?0 ft ANTENNA
‘ll.DDO rC‘HANNELSIBEAM

30 kW RF POWER

WRIST RADIO

SYNCH. EQUAT.
ORBIT

10 POPULATION
CENTERS AT
3,000,000 PEOPLE PER
CENTER

108 OTHER AREAS AT
280,000 PEOFPLE/AREA

0.25W PEAK FOR 0,013 =
UNIQUE 30 bit CODE, 1 b MESSAGE
3 snc THANSMISSION QUERIED

0,01
BY S
20

r antenna; processor )
Large multibeam antenna; multi-channel transponder; LSI processor; multiple-access

techniques



E-0934R2

NATIONAL INFORMATICN SERVICES (CC-8)

® PURPOSE
To provide a National or Intelsat adjunct network
with capability fo serve small-antenna users.

® RATIONALE ,
Current satellites require very large antennas and

therefore have few entry points - not suited for
""disadvantaged" users.

® CONCEPT DESCRIPTION
Large multibeam antenna satellites link facsimile, voice,
data, and teletype terminals with low power and small
antennas Satellite is a multi-channe! processing

L4 CHXRACTERISTICS

o WEIGHT 20,000 [b

e SIZE 200-ft dia antenna
o RAW POWER 15 kw

e ORBIT: Synch, Equat.

o CONSTELLATION SIZE 4

e RISK CATEGORY 1 (Low}

o TIME FRAME 1990

o IOC COST (Space onlyl 1.1B

¢ PERFORMANCE
400, 600 channels of 1 Mbit/sec or 1 MHz capability

serwced in 4000 areas worldwide, with 0.05W trans-
mitters and 3-ft antennas at user terminals.

¢ BUILDING BLOCK REQUIREMENTS
» TRANSPORTATION

e e U et

g

ft DIA ANTENNA
BEAMS
CHANNELS/BEAM
CHANNEL
I'}!?TAL RF POWER

e

2hA
osw

TENNA

1000 USER AREAS,
EACH 40 nmi DIA

3

SMALL|
SUBSCRIBEHSIUS'ERS

LASER LINKS TO

= ._—z____—z___ OTHER
SATELLITES

SYNCH EQUAT
CRBIT

LARGER — 7
SUBSCRIBERS/USERS
100 Mbit/sec OR
100 MHz GAPABILITY

1 Mbit/sa
1 mhz CAPABILITY

Shuttle and jarge tug or SEPS

e ON-ORBIT OPERATIONS Automated or manual servicing unit; assembly on orbit

o SUBSYSTEMS
¢ TECHNOLOGY
o OTHER

Attitude control; antenna; processor
Large multibeam antenna; multi-channel transponder; LS1 processor; multiple-access

technigues



E-0935R3
PERSONAL COMMUNICATIONS WRIST RADI0{CC-9)

¢ PURPOSE .
To allow citizens to communicate through exchanges 200\ DuA ANTENNA
by voice, from anywhere. o Towen, o o \\K
100 USERS/CHANNEL T o

e RATIONALE
Mobile telephones are desirable, but should bewrist
worn. Uses include emergency, recreation, business,
rescue, etc.

© CONCEPT DESCRIPTION

Multichannel switching satellite and wrist transmitter-

receivers connect peaple anywhere to each other directly /7

or to telephone networks. Analog or vocoded vqice used, covelBaml

o CHARACTERISTICS é

e WEIGHT 16,000

e SIZE 200 ft dialantenna

* RAW POWER 21 kW .

¢® ORBIT Synch. Bquat.

¢ CONSTELLATION SIZE 1

* RISK CATEGORY I (Low)

* TIME FRAME 1990 /

@ [OC COST (SPACE ONLY) 300M .

~=— WRIST RADIO .
© PERFORMANCE . POWER = 25 mw
25,000 simultaneous voice channels, each shared by A HuRe:

. N . = 20 HOUR
up to 100 users: 2.5 million people communicate by fiocharged overnight!
normal voice. HELOORTION FoR
TELEPHONE ADDRESS

¢ BUILDING BLOCK REQUIREMENTS

e TRANSPORTATION Shuttle alnd largeftandem tug or SEPS
¢ ON-ORBIT OPERATIONS  Automated or manual servicing unit: assembly on orbit
® SUBSYSTEMS Attitude qontrol; antenna; processor; repeater

* TECHNOLOGY Large mu|tibeam antenna; multi-channel repeater; LS| processor, multiple-access
* OTHER ersttrarllscelver, LS| technology techniques




E-0936R2

DIPLOMATIC/U. N. HOTLINES (CC-10)

@ PURPOSE

To provide rapid, reliable, secure communications
between heads of state (or embassies).

® RATIONALE
Goad, 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

e WEIGHT 3000 b

e SIZE 5x20ft

¢ RAW POWER 1 kW

e ORBIT Synch. Equat.

¢ CONSTELLATION SIZE 3

e RISK CATEGORY I (Low)
¢ TIME FRAME 1985
¢ |OC COST (Space only) 330 M

® PERFORMANCE
One full duplex voice channel per country, secure,

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

® BUILDING BLOCK REQUIREMENTS
¢ TRANSPORTATION Shuttle and [US /tug
o ON-ORBIT OPERATIONS
o SUBSYSTEMS
e TECHNOLOGY

¢ OTHER None

260 nmi
FOQOTPRINT PER
BEAM

SYNCH. EGUAT. ORBIT

s 5 ft ANTENNA
200 BEA
o 200 CHANNEL TRANSPONDER

. AUTOMATIG SWITCHING SuUB-
STATION

NATIONAL TERMINAL
e 2 ft ANTENNA

. 1 DUPLEX VOICE
ANN

. ANTI-JAMMING SECURE
« W TRANSMITTER

Automated or manual servicing unit
Attitude control; antenna; processor and switch
Multibeam antenna: mufti~channel transponder: LS| processor and automatic switch;

multiple-access fechnigues
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E-7218R4

3-D HOLOGRAPHIC TELECONFERENCING (CC-11)

® PURPOSE
To greatly reduce the need to travel for mast government

or private industry business conferences j«ithout
significant loss in ability to transact busiress.

@ RATIONALE 1 SATELL]

. . . N Geus-rﬂomnv ORBIT Lo
Travel for conferences is costly, time consuming, and
inefficient,

® CONCEPT DESCRIPTION = =
Identical conference rooms are fitted with|a T. V. camera,

T.V. projector, and laser illuminator and|stereo sound
system. Resulting holograms produce three-dimensional
images that can walk, talk, and present data.

@ CHARACTERISTICS

68 ft ANTENNA LENS
100 BEAMS, TE0W EACH
2500 TV CHANNELS

76 kW RF POWER

C BAND
600 MHz SPECTRUM USED

e
IDENTICAL

o WEIGHT 15,000 ib " GONFERENCE
o SIZE 56-ft antenna
¢ RAW POWER 220 kw 100 USER AREAS
o ORBIT Geostationary % nmi DIAMETER
o CONSTELLATION SIZE 1
» RISK CATEGORY HI1 (Medjum)
o TIME FRAME 1990 N ROOR © ANTENNA
e 10C COST (Space only) 500 M SOW TRANSMITTER
® PERFORMANCE o
1,250 identical conference rooms in 100 urban areas TRANSMITTER 3 COLOR LASER
T ILLUMINATOR SCANNER

interconnected simultaneously with 3-D color RECELVER,

; LASER TV PROJECTOR
holographic images and stereo sound. CONTROL
® BUILDING BLOCK REQUIREMENTS
o TRANSPORTATION Shuttle, Jargeftandem tug or SEPS
o ON-ORBIT OPERATIONS  Automated or manual assembly and servicing
o SUBSYSTEMS Large multibeam antennas, processors, high power transmitter
¢ TECHNOLOGY High power transmitters - LS| processors, prime power source

o OTHER User equi;pment, holographic quality, image motion compensation



E-7220R4

VEHICLE/ PACKAGE LOCATOR (CC-12)

" ® PURPOSE

To locate vehicles or articles in shipment continuously
anywhere in U. S. A,

® RATIONALE
To aid in prevention of theft or hijacking, increase
efficiency, and minimize error in shipments

© CONCEPT DESCRIPTION
A small fransceiver is attached to {or enclosed in) each

unit to be tracked. The unit defermines its location usin
crossed antenna NAVSAT, and relays the data to a contro

center via a special Comsat when queried.

@ CHARACTERISTICS
20,000 Ib (Total)

o WEIGHT

o SIZE 2-mi antenna
¢ RAW POWER 23 kW

o ORBIT Geostationary
o CONSTELLATION SIZE 2

e RISK CATEGORY Il {Medium)
o TIME FRAME 1990

o I0OC COST {Space only 400 M

® PERFORMANCE
Up.to one billion vehicles or cohtainers can be located

X 300 ft every hour anywhere in U. S. A, Location
package could cost less than $10, weigh 3 ounces.

© BUILDING BLOCK REQUIREMENTS
o TRANSPORTATION
o ON-ORBIT OPERATIONS
e« SUBSYSTEMS
¢ TECHNOLOGY
o OTHER

f

- 2 ml CROSS
116 BIAMS o . 2 AN
st 8 "
LOAND  (Xadd.  GEOSTATIONARY NP, e
P GRaiTs “'/"
_‘:_:\ NAVIGATION
< SATELLITE
8« 1m\
s CONTIGUOUS
F COVERAGE
B3 f AREAS
£
g8 A
o W,
sz P QI
3 ¢
1]

FIXED TRANSCEIVER
CALIBRATION

VEHIGLE_ OR CONTAINER g
g MU

TRANSMITTER-RECEIVER
W PEAK, 10 mW AVERAGE POWER

WT = 3oz
SELF-CONTAINED ANTE

NNA
EACH UNIT RESPONDS TO UNIQUE QUERY CODE

Shuttle and large/tandem tug or SEPS
Automated or manned assembly and servicing
Antenna attitude control, laser radar, channelizer/processor, stationkept antenna

Phase control, LS| processor, multiple access technique, stationkept sub-units
Cheap - LSI - container - transponder )




E-0947R5

|
ENERGY GENERATION - - SOLAR/MICROWAVE (CS-1)

® PURPOSE

To provide abundant electrical power with little

pollution, [‘\
7.3 omi SYN%";iBE#UAT-

® RATIONALE
More and clean energy needed.

® CONCEPT DESCRIPTION SOLAR ARRAYS
Solar energy is collected, converted to microwave energy,

and transmitted to earth, where it is rectifiedto DC by a

rectenna.
© CHARACTERISTICS
o SIZE 7.3 x2.6 nmi
o RAW POWER 10,000 MW
e ORBIT Synch. Equat.
o CONSTELLATION SIZE 1
e RISK CATEGORY IV (High)
? TIME FRAME 2000

e 10C COST (Space only) 61 B

o PERFORMANCE
5,000 megawatts supplied to 10 km collector, with less
than 500 MW lost as heat to the environment, at a
cost of ~$1, 500 per kW.

¢ BUILDING BLOCK REQUIREMENTS

1 km ANTENNA - X-EAND
DISTRIBUTED TRANSMITTERS

10 km RECTENNA - X-BAND
5000 MW DELIVERED

« TRANSPORTATION LLV and farge tug and large SEPS

° ON ORBIT OPERATIONS Manned servicjng unit; assemble in orbit

. SQBSYSTEMS Attitude contrql structu res, power antenna

» TECHNOLOGY Large economic :al solar arrays; large active microwave antenna; high power tubes;
» OTHER Rectenna on ground feeding and cross-connects
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F-2742

HIGH EFFI CIENCY SOLAR ENERGY GENERATION (CS-2)

® PURPOSE

To increase the efficiency and decrease the cost [
of solar power delivery from space.

® RATIONALE MICROWAVE
ANTENNA

Solar power satellites will be large, heavy, and
expensive.

@ CONCEPT DESCRIPTION .
Efficiency and cost of solar-voltaic conversion can be

greatly increased by using muitiple cells, each tailored
to the photon energy in a restricted spectrum; and by

IMPROVED
SOLAR

CELL
ARRAY

o CHLASII! I?él _igEthlastLIo_lséc:)éar flux concentration. E‘*’;’l":{uﬁ"v‘l SRR - wrioN
e WEIGHT 8,000,000 Ib \
e SIZE - 5.6x2.3km '
¢ RAW POWER 10, 000 MW
¢ ORBIT Synch. Equat,
o CONSTELLATION SIZE 1 ‘
» RISK CATEGORY IV (High)
o TIME FRAME 2000 _/ ]
» 10C COST TBD N /

© PERFORMANCE
Same power delivered with one fifth the weight in
orbit compared to the current sofar power satellite

DISGRETE INTERFERENCE—" ¢
FILTERS, 10 OR MORE

10 OR MOHE SQLAR CELLS

?g{rjlgigto(n CS-1) and probable but undetermined cost S ANTENNA, o s e e ey T
¢ BUILDING BLOCK REQUIREMENTS

o TRANSPORTATION LLV and large tug and [arge SEPS

o ON-ORBIT OPERATIONS  Manned servicing unit; assemble in orbit

e SUBSYSTEMS Attitude control; structures; power antenna

¢ TECHNOLOGY Large economical soldr arrays; large a,chlve microwave antenna; high power tubes;

o OTHER Rectenna on ground lightweight concentrator; thefmal design
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ENERGY GENERAT{ON - NUCLEAR/MICROWAVE {CS-3)

e PURPOSE

To generate and deliver electrical energy without

pollition or hazard,
® RATIONALE

Power is needed which requires no radioactive material’ f-— """ orer
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. Fuel breeding supplies fuel.

® CHARACTERISTICS
o WEIGHT
o SIZE
¢ RAW POWER
* ORBIT
e CONSTELLATION SIZE
» RISK CATEGORY
s TIME FRAME
¢ [OC COST (Space only)

® PERFORMANCE

5,000 Megawatts delivered power continuously, - with
sufficient fuel breeding for a life of at feast 1000 years. A,

® BUILDING BLOCK REQUIREMENTS

o TRANSPORTATION

E-0945R2

NUCLEAR REACTOR

RADIATOR

SYNCH.EQUAT. _

MICROWAVE
ANTENNA -
DIA = 08 nmi

TBD

3, 600-ft dia
10, 000 MW
fynch. Equat,
IV (High)
2000
TBD

/
=

4 114"2'.—-'-':::-—'?:-':"\‘ T
GEESEES A

DISTI RIgUTED
TRANSMITTERS

RECTENNA AT
X-BAND

5,000 MW
DELIVERED
& nmi

LLV and large tug and farge SEFS

« ON-ORBIT OPERATIONS Manned service unit, automated servicing unit; assemble in

e SUBSYSTEMS
» TECHNOLOGY
s OTHER

Structure; attitude control; antenna; reactor; power unit
Large active microwave antenna; large reactor: heat radiator;

orbit

MHD power generator;

Rectenna on ground, safety pointing and tracking sensor




E-0948R1

NUCLEAR WASTE DISPOSAL (CS-4)

® PURPOSE

To permanently dispose of nuclear wastes
without environmental damage.

® RATIONALE . .
Wholesale use of nuclear generating plants for electric
power will result in large amounts of highly toxic and

long lived radioactive wastes.

® CONCEPT DESCRIPTION
Wastes are packaged in confainers with shielding and
cooling, and put into earth escape trajectories by
shuttle and velocity stages.

& CHARACTERISTICS

¢ WEIGHT 64,000 Ib
. ® SIZE 15 x 60 ft
* RAW POWER T e
* ORBIT Escape
¢ CONSTELLATION SIZE -
o RISK CATEGORY I {Medium)
TIME FRAM 1990 - 2000

E
{0C COST (SPACE ONLY) 430 M

® PERFORMANCE
2500 Ib of waste per flight at $15 miltion per flight
{$6000/1b). Cost increase fo electrical consumer = 2%,

¢ BUILDING BLOCK REQUIREMENTS

- TOTAL WEIGHT = 64,000 Ib
- PAYLOAD PACKAGE = 30,000 Ib TO EARTH ESCAPE VELOCITY

rd

-~
-
-~

. UPPER STAGE -
\% 250 Ib NUCLEAR WASTE

4

\

7
’
4

i
" AUTOMATED
- SHUTTLE

-

* TRANSPORTATION

¢ ON-ORBIT OPERATIONS
® SUBSYSTEMS

¢ TECHNOLOGY

®* OTHER

Automated shuttle and large tug
Safety/abort - backup systems
Shielding/encapsulation; abort systems

Thermal control; structural package integrity; recovery techniques
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ATRCRAFT|LASER BEAM POWERING (CS-5)

® PURPOSE

To provide an alternative to oil as a source of energy

for powering commercial transports.

® RATIONALE

Qil is a limited resource, becoming more expensive

rapidly.
® CONCEPT DESCRIPTION

Jet turbines are operated by heating air with laser beams

projected to each aircraft by multi-mirror satel
Laser on ground powered by nuclear reactors

energy.
¢ CHARACTERISTICS

» WEIGHT 2,000,000 Ib
o SIZE , 169 mirrors, each 15-fl
o RAW POWER

e ORBIT 300 nmi, 45%)i

¢ CONSTELLATION SIZE 200

e RISK CATEGORY IV {High)
e TIME FRAME 2000+
o 10C COST (Space only) 87 B

® PERFORMANCE

lites.
rovides

dia

ncl.

20001 large jet aircraft powered continuously (30% duty

cyclé} at 10-50 MW aircraft, Break-even with
_operations at 50¢ . gal.

¢ BUILDING BLOCK REQUIREMENTS

e TRANSPORTATION LLV and large
o ON-ORBIT OPERATIONS
o SUBSYSTEMS

o OTHER

oil

SEPS

E-0949R3

.“‘ —_— 0l oy

—_— -
S

- 169 MIRRORS, EACH
16 ft DIA

- POINTED TO 10ur

LASER PROJECTOR

« 4 x 10"%w ToOTAL

« MULTIPLE, PHASE
CONTROLLED LASERS,
ADJUSTED CLOSED LOOP
BY SATELLITE SENSOR
FOR SCINTILLATION
CANCELLATION.
€ LASERS FOR USA

COMBUSTION
CHAMBER

DUAL BURNER JET ENGINE

Manned or aytomated servicing unit; orbital assembly

Attitude cont|l|ol; mirrors; processors; crosstink; thermal control
Large high temp mirrors; radiators; pointing and tracking sensors; LSI processor

Ground high energy laser; atmospheric scintillation correction, Safety

- INDEPENDENTLY STEERABLE

30 ft DIA COLLECTOR

UEL
COMPRESSOR




E-2019R4

NIGHT ILLUMINATOR (CS-6)

® PURPOSE
To provide night lighting without earth-based energy, o
pollution, street lights, cables, trenches, etc. . I SYNCH EQUAT. ORSIT
I
® RATIONALE y
Alternative energy sources are needed. ‘ﬂ
-
—

® CONCEPT DESCRIPTION
Large area reflectors in space reflect the image of the
sun onto the earth, Multiple satellites used to
minimize construction difficulties.

® CHARACTERISTICS

\ 42 ORIENTED MIRRORS,
EACH 1000 £t DIA

GQGUALITY
00,000 x DIFFRACTION LIMIT

o WEIGHT 100, 000 b B

e SIZE 12 mirrors each 1, 000t dia éﬁkgﬁcﬁ@ SEOT It 5o 1O
¢ RAW POWER 1L.2kwW

o ORBIT Synch. Equat.

o CONSTELLATION SIZE . ]

# RISK CATEGORY 1l {Medium)

o TIME FRAME 1990

e 10C COST (Space only} 160 M

© PERFORMANCE
Ten times full-moon level illumination at night provided
to area 180 nmi dia (no clouds). Fufl moon level provided
through moderate clouds.

® BUILDING BLOCK REQUIREMENTS

¢ TRANSPORTATION Shuttle and large tug andfor SEPS

¢ ON-ORBIT OPERATIONS  Automated or manua! servicing unit

o SUBSYSTEMS Attitude control; mirrors, structure

e TECHNOLOGY Large reflector; pointing: stationkeeping master control

e OTHER None
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E-1105R5

PERSONAL NKVIGAT[ON WRIST SET{CS-7)

® PURPOSE
To provide accurate relative position location with
very inexpensive user equipment.

® RATIONALE .
Navigation system costs are dominated by-user
equipment costs.

® CONCEPT DESCRIPTION

Narrow beams arevswept pvei' the U. S. by large plhtgsed
arrays in space. Very simple receivers measure time
erapged EetLB X ece (Y rPay distances

een pulses received an
{N-S, E-W) to fixed point.

@ CHARACTERISTICS

disp

e WEIGHT 3000 Ib

* SIZE ] 2 nmi cross
¢ RAW POWER 2 kW

® ORBIT Sync. Equat,
¢ CONSTELLATION SIZE 1

®* RISK CATEGORY Il {Medium)
¢ TIME FRAME 1990

® 10C COST (SPACE ONLY) 100 M

@ PERFORMANCE

~ User: position located to 300 ft every 10 sec relative

to a fixed location <100 nmi away.

~ User receiver can cost less than $10 in mass
production.

® BUILDING BLOCK REQUIREMENTS

® TRANSPORTATION Shuttle and Tug

e ON-ORBIT OPERATIONS Manned of
e SUBSYSTEMS Antenna wi

CROSS ANTENNA AT X BAND

ARM #1 = FREQUENCY #1: 4 W POWER 16 ft
ARM #2 = FREQUENCY #2, 4 W P !

SYNCH EQUAT ORBIT

FIXED BEACONS

automated assembly and servicing units
th independently stationkept subunits.

‘e TECHNOLOGY lon thrusier;. adaptive RF phase control, laser master measuring unit
e OTHER LS| receif}ers P P .




MULTINAT!IONAL ENERGY DISTRIBUTION (CS-8)

® PURPOSE

To distribute energy to small-city users without
transmission lines, and serve many nations
simultaneously, ‘

® RATIONALE
Transmission lines are fixed, have an environmental im-
pact, and [imited capacity to feed growing communities or
developing nations without large networks or large losses
® CONCEPT DESCRIPTION
Phase-controlled array reflectors in low orbit sequen-
tially relay remote source power to 100 user antennas
per satellite. Power is rectified at substation receiving

arrays and filtered.
® CHARACTERISTICS

o WEIGHT 34000 1b

e SIZE ‘ 750 x 750 ft

° RAW POWER ©20kW

a ORBIT 300 nmi several incl.
. CONSTELLAﬂON SIZE 200

o RISK CATEGORY IV (High)

* TIME FRAME 2000

e IOC COST {Space only) 5.8B

© PERFORMANCE
1000 user areas in U. S. A, Fowered with 100 MW each in
rapid (1/120 sec) sequence from 10 power station source
antennas. Scanning loss <1%: overall efficiency >55%
3000-ft s&uare receiver with 1. 7 nmi square guard

E-7648R3

200 PHASE-CONTROLLED
ORBITAL REFLECTORS,
EACH fix ft

1500 x 1500
ANTENNA

300 nmi

ALTITUDE ORBITS,
MULTIPLE
INCLINATIONS

o BULBRE L8 KEQuIREMENTS
¢ TRANSPORTATION Shuttle
e ON-ORBIT OPERATIONS Shuttle attached manipulator; manual or aufomated servicing unit
o SUBSYSTEMS Attitude control, stationkeeping units, phase control, figure control
o TECHNOLOGY fon thrusters, phase control, measurement and control lidar, LS| processor

o OTHER
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ENERGY MONITOR {CS-9)

® PURPOSE

To measure energy flow at a very large number of points

on distribution network.

@ RATIONALE
Power programming and fine-tuning requires kn
of energy status on network.

¢ CONCEPT DESCRIPTION

Small L-band transmitters send instantaneous qurrent,
voltage, or power readings on network when queried
sequentially by multi-channel/processing communications

repeater.
® CHARACTERISTICS
e WEIGHT 10,000 Ib
s SIZE ) 150-ft dia
¢« RAW POWER 23 kW
e ORBIT Geostationary
® CQNSTELLAHON SIZE 1
e RISK CATEGORY | {Low)
o TIME FRAME 1990

o lOC COST {Space only} 300 M
® PERFORMANCE

Up to one billion points on energy generation and

distribution network measured every hour.

® BUILDING BLOCK REQUIREMENTS

E-7219R2

owledge

1 SATELLITE AT
GEOSTATIONARY ORBIT

150 ft DIAMETER

116 BEAMS

1000 CHANNELS/BEAM
MHz TOTAL SPECTRUM

001W AVG

L-BAND TRANSCEIVER
25W PEAK

TRANSMISSION

N

Hug

antenna, processor

o TRANSPORTATION Shuttle and tUS

o ON-ORBIT OPERATIONS Automated or manual servicing, assembly
o SUBSYSTEMS Attitude control

o TECHNOLOGY Multi-channel t

o OTHER

ransponder, LS{i processor
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VEHICULAR SPEED LIMIT CONTROL {CS-10)

@ PURPOSE

To establish positive vehicle speed control zones in
cities by radio control of vehicle engine governors.

® RATIONALE
Excessive speed is a major contributor to traffic accidents
and injuries. With positive control, speeding is im-

assible,
® CE)NCEPT DESCRIPTION - Each vehicle has a smal!
transceiver and a command receiver connected to a com-
mandable speed governor. Each vehicle determines its
location using crossed antenna NAVSAT. Speed commands
are generated by computer on the ground.

© CHARACTERISTICS

E-0951R3

o WEIGHT 22,000 1b

o SIZE 200-ft dia antenna
¢ RAW POWER 430 kW

s ORBIT Synch. Equat.

¢ CONSTELLATION SIZE i

o RISK CATEGORY i1 (Medium)

o TIME FRAME 1990

o 10C COST {Spaceonly) 470 M

¢ PERFORMANCE
Vehicle speed controlled to X 1 mph. Provision for one

million cars in each of 100 cities (100 million total
vehicles). Speed zohes changed by program change.

@ BUILDING BLOCK REQUIREMENTS
o TRANSPORTATION

200 ft ANTENNA
WITH 100 BEAMS
EACH 14 kW

1000 CHANNELS/BEAM ﬂ

300 CARS/CHANNEL /

SPEED LIMIT COMMANDS ~
TO VEHICLE GOVERNOR,
LOCATION OF CAR BY NAVSAT
BEAM. RESPOD ON QUERY

BW TRANSMITTER

'_/-_-z rﬂ-—/—‘—’/

CROSSED
ANTENNA
NAVIGATION
SATELLITE
{sea CS-7)

100 CITIES
40 nmi DIA
EACH

NAVIGATION

BEAM

SET SPEED ZONE
DEMARCATIONS,
SPEED LIMITS,
GENERATE SPEED
COMMANDS

Shuttie and large tug or SEPS

o ON-ORBIT OPERATIONS Automated or manual servicing unit; assemble in orbit

o SUBSYSTEMS
¢ TECHNOLOGY
» OTHER

Attitude control; antenna; RF powéer DC power, channelized transponder
Large multibeam anienna; power tubes; channelization fechniques; large-scale multiple access
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E-0952R1

e

N

REENTRY AND

DESTRUCTION

SPACE DEBRIS SWEEPER (CS-11)
® PURPOSE
To remove expended satellites and debris fro(n srener sare
synchronous equatorial corridor where they pose FHTE
" a long-term collision threat. e
e RATIONALE —_
Synchronous equaterial corridor is becoming very TUG INSERTION
crowded and could be dangerous in future. /’( ron RENDRAVOUS
© CONCEPT DESCRIPTION _ /
Use tug to impart 4V to debris to drop its perigee to /
<100 nmi. Debris will reenter within weeks. One /
orbit later, tug re-injects itself into SE orbit, Tug |
resupplied by shuttle,
® CHARACTERISTICS |
" e WEIGHT 500, 600-1b propellant \
o SIZE Tug \
¢ RAW POWER -- \
s ORBIT Up to Synch. Equat. \
o CONSTELLATION SIZE 1 \
o RISK CATEGORY | {Low) \
- o TIME FRAME 1985 \
¢ 10C COST (Space only) 0.5M \
¢ PERFORMANCE \
500, 000 Ib of propetlant will deorbit 100 satellites
of 5,000 Ib each.
® BUILDING BLOCK REQUIREMENTS
o TRANSPORTATION .  Shuttle andjtug
¢ ON-ORBIT OPERATIONS  No unusualirequirements
¢ SUBSYSTEMS No unusualirequirements
o TECHNOLOGY No unusualfrequirements
¢ OTHER None




E-0953R2

OZONE LAYER REPLEN[SHMENT/PROTECTION (CS-12)

e PURPOSE
To reduce the depletion of the ozone layer from
"freon" compounds.

® RATIONALE
The ozone concentration in the layer is decreasing

dangerously due to freons released by spray cans and SPACE VEHIGLE IN 83:120 nemi ORSIT
refrigerators. N
® CONCEPT DESCRIPTION AHD, SETILES
ENCAPSULATED FORM

Sﬂch sh ;ﬁtle ordheavty IIift bo&stel:_ dzlgpensfefs 2 chre]::nit_:a! e
which settles and catalyzes the binding of free chlorine
atoms produced by the freon, preventing the chlorine /\,pﬁ{"ﬁ‘ﬁr WN\

from destroying ozone. 3. ozoNE REGION

® CHARACTERISTICS > S % ) { g §
o WEIGHT 50, 000, 000 1b /\LL
o SIZE ragon 63%
« RAW POWER i
o ORBIT $0-120 nmi polar

C#EMICAL VAPORIZES

o CONSTELLATION SIZ AT LOW END OF OZONE
e RISK CATEGORY . }V {High) FHE BiNBING O ChiloRne
e THVIE FRAME 1995 ATMOSPHERIC CONSTITUENTS
¢ 10C COST (Space only) 750 M
® PERFORMANCE A ONPORATE THE CHEMICAL INTO
Ozone layer replenished, protected for five years by THE BOOSTER PROPELLANTS FOR ALL
gispgns;ng of 25,000 tons of chemical in the northern INTO-THE OZONE LAYER VATH
emisphere.
® BUILDING BLOCK REQUIREMENTS
o TRANSPORTATION LLV
e ON-ORBIT OPERATIONS  No unusual requirements
o SUBSYSTEMS Reentry package for dispensing at the proper altitude
e TECHNOLOGY Noamusual requirements
e OTHER -Ptienomenology of ozone layer depletion; synthesis of solely-chlorine-active

catatyst. Environment side-effects.
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F-0119R2

RAIL ANT|-COLLISION SYSTEM (CS-13)

® PURPOSE
To prevent train collisions.

EACH SATELLITE
118 BEAM ANTENNA

42 ft DIA - L BAND |
1000 CHANNELS/BEAM

o RATIONALE
Life, property, and productivity losses due to t]'ain

colfisions are large. Prevention is desirable.

) 3 DESCRIPTION
Coggﬁgg;n has gsmal.”)gacon and command receiver.

Location of each frain is continupusly computed on the

ground using TDOA, and upon detection of collision 118 AREAS

g?ur'se alerting buzzer in train is sounded orltrain COVER ENTIRE
e /

o cHABRETERISTICS _ E_..___

¢ WEIGHT 3000 ib J >
* e SIZE 42-1t dia antenna

e RAW POWER 500 W >—
» ORBIT Synch. Equat.j+ Incl. ) L5
o CONSTELLATION SIZE 3 2 N
¢ RISK CATEGORY | {Low) :
o TIME FRAME 1985 N
o 10C COST (Space only) 200 M w4 P RanLe

¢ PERFORMANCE FOINT
Alert sounded in a train within 0.5 sec of establishment
of collision trajectory. Provision for 10,000 trains
simultaneously.

© BUILDING BLOCK REQU'REMENT$ . AREA COVERED = 180 nmi DIA EACH BEAM
» TRANSPORTATION Shuttle and tug :
o, ON:ORBIT OPERATIONS  Automated or manual servicing unit
o SUBSYSTEMS Attitude contrq!, large antennas, channelized transponders, power, computation speed
¢ TECHNOLOGY Fast algorithms, power tubes, antennas, multiple access techniques
¢ OTHER .
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F-0120R2

BURGLAR ALARM/INTRUSION DETECTION (CS-14)

® PURPOSE
To detect burglars/intruders in government and
industrial buildings, facilities, or homes.

® RATIONALE
Effective widespread burglar alarm system could reduce
this enormous loss of property, productivity, and life.

® CONCEPT DESCRIPTION . )
Very many, very tiny seismic or discrete sensors transmit

when actuated. " Signals picked up bty single large antenna
satellite for all U. 5. A. and relayed to police command
post nearest to area being burgled,

® CHARACTERISTICS

e WEIGHT 16,000 b

e SIZE 200-ft dia antenna
¢ RAW POWER 1 kW

e ORBIT Synch. Equat.

o CONSTELLATION SIZE 1

e RISK CATEGORY 1 (Low)
e TIME FRAME 1990
e 10C COST (Space only) 350 M

@ PERFORMANCE
Up to six mitlion intrusions detected every second

in each of 500 urban areas, 3 billion intrusions
per second total. Police alerted within 0.25 sec of entry.

© BUILDING BLOCK REQUIREMENTS
o TRANSPORTATION

1.SATELLITE-GEOSTATIONARY
200 ft DIA ANTENNA

500 S
1000 CHANNELS/BEAM

500 URBAN
AREAS COVERED,
H 40 nml

QVT
UILDING

“=%*" SENSORS IN,
BUILDINGS AN

HOUSES AND
: INDUSTRIAL PLANTS
o

ROUND
D

6 MILLION SENSORS PER COVEAGE AREA
".’;f(',';}"m" SENSORS TOTAL

SENSOR SENDS UNIQUE CODE
LOCATION OF EACH CODE KNOWN

" Shuttle and large tug or SEPS

o ON-ORBIT OPERATIONS Automated or manual servicing, assembly in orbit

o SUBSYSTEMS
o TECHNOLOGY

¢ OTHER Cheap sensors

Transponder, antenna, attitude control
Multiple access technique, software, antenna switching
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F-1713R1

PowqR RELAY SATELLITE (CS-15)
|
® PURPOSE

To provide for transmission of electrical power from

remote regions, minimizing environmental impact, 100 REFLECTORS, EACH 1 KM DIA

I GEQ
! SYNCH =~

® RATIONALE ’ ORBIT ¢
Power should be generated in remote regions; [\
Sunny side of Earth can supply power to night side. \
® CONCEPT DESCRIPTION !
Source power is converted to a microwave beal!m,
bounced off an orbiting reflector, and reconverted
to DC at receiving antenna on ground.

® CHARACTERISTICS |

o WEIGHT 600,000 I g e
o SIZE 0. 5'—nmi dia DELIVERED s
¢ RAW POWER —
¢ ORBIT Synch. Equat
o CONSTELLATION SIZE 100
e RISK CATEGORY 1V (High)
o TIME FRAME 1995 XMITTER
e 10C COST (Space only) 36 8 10,000 MW FOWER
® PERFORMANCE SOURCE

5,000 megawatts delivered to each of 100 user'areas.
53 percent overall DC-DC efficiency attained. Total
energy is about 10 percent of U, S. consumption.

® BUILDING BLOCK REQUIREMENTS E

o TRANSPORTATION LLV and large tug or |argé'§TEPS

e ON-ORBIT OPERATIONS  Manned/automated servicing, assemble in orbit

o SUBSYSTEMS Attitude control; structures, phase front control

o TECHNOLOGY High efficiency, large, passive steerable phase front antenna; lon thrusters

e OTHER Ground-baseh elements



F-2148

NEAR-TERM NAVIGATION CONCEPT (CS -16)

® PURPOSE

To provide reasonably accurate relative position location
in the near term with very inexpensive user equipment.

® RATIONALE
Navigation system costs are dominated by user
equipment costs,  Wide popular need.

® CONCEPT DESCRIPTION
Narrow beams are swept over the U, S. by phased arrays

in space. Very simple receivers measure time elapsed
between puises received and display distances {N-S, E-W)
to fixed points.

® CHARACTERISTICS

o WEIGHT 1,600 Ib

e SIZE 160 ff cross
o RAW POWER 1kW

o ORBIT Sync. Equat.

o CONSTELLATION SIZE 1

o RISK CATEGORY | (Low)
+ TIME FRAME 1980
e [OC COST 90 M

© PERFORMANCE

= User position located to 1/2 nmi every 10 sec anywhere in
USA and 200 nmi beyond coastlines.

~User receiver can cost less than $10 in mass
production, |

@ BUILDING BLOCK REQUIREMENTS

TRACKED FOR

CROSS ANTENNA AT X BAND

ARM #1 = FREQUENCY #1; 100 W POWER
ARM #2 = FREQUENCY #2; 100 W POWER
-

SYNCH EQUAT ORBIT

FIXED BEACONS

REFERENCE,
CALIBRATION

2 FREQUENCY
SIMPLE RﬁfEIVER

o TRANSPORTATION Shuttie and 1US

o ON-ORBIT OPERATIONS Manned or automated assembly and servicing units

o SUBSYSTEMS
o TECHNOLOGY
e OTHER

Antenna, attitude control

————

LS| receivers
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F-0147

A number of initiative ideas were collected which did not survive the initial

screening as ideas that should be carrie'd through to even the back-of-the-envelope analysis

stage. Some of these were put into this
enough understcod to define a program
might be evident. Others were included
understood, the technology requirement
the far-térm and extremely ambitious i]

was not felt to be useful,

category beacuse the phenomenology is not well
even though the desirability of such an initiative
because even though the phenomenology might be

s were either outlandish {even compared to some of

hitiatives which survived) or the function performed

52



F-0147

WORTHY CIVILIAN INITIATIVE IDEAS NOT DEFINED

Radioactive Cloud Location Monitoring
Laser-Propelled Rockets

All-Weather FAR-|R Observation or Communications
Space Plasma Mixing of RF or Laser Beams

CIVILIAN INITIATIVE IDEAS REJECTED

Federal Office Monitoring
Surveying Marker Aid
Airport Fog Dispersal
Direct Weather Modification
Searchlight From Space
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The catalog of initiatives rep;
concepts., An attempt is made in the 1

initiatives by the gross time period in

resents opportunities for acquiring space system
ext three illustrative ‘sheets to identify the civilian

which they might be acquired, divided into the 1980-

1990 and 1990-2000+ time periods, Acqdisition of many of the concepts would be preceded

by test and demonstration projects of reduced scope.

The operational dates’are estimated

based on availability of key technolog |and such a phased development and test program.
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CIVILIAN OBSERVATION INITIATIVES

¥-0122 R1

1980-1990 TIME PERIOD

1900-2000+ TIME PERIOD

Advanced Resources/Pollution
Chservatory

Fire Detection

Water Level and Fault Movement
Indicator

Multinational Air Traffic Control
Radar

U. N. Truce Observation Satellite
Nuclear Fue! Locator
Border Surveillance

Atmospheric Temperature Profile
Sounder

Synchronous Meteorological Satellite

Coastal Anti-Collision Passive
Radar

Astronomical Super Telescope

High Resolution Earth Mapping
Radar

55



- 56

CIVILIAN CO!\"I

MUNICATIONS INITIATIVES

F-0123 Rl

1980-1990 TIME PERIOD

1990-2000+ TIME PERIOD

"Flectronic Mail Transmission

Global Seadrch'+ Rescué Locator

Urban/Police Wrist Radio
Disaster Control Satellite

Transportation Services Sateli
Advanced T.V. Broadcast
Voting/Polling Wrist Set
Natior{al Information Services

Personal Communications Wrist Radio

Diplomatic/U. N. Hot Lines
Vehicle/Package Locator

3-D Holographic Teleconferencing .

ite




CIVILIAN SUPPORT INITIATIVES

F.0124 n1

1980-1990 TIME PERIOD -

1990-2000+ TIME PERIOD

Near-Term Navigation Concept
Nuclear Waste Disposal

Night Hluminator

Energy Monitor

Vehicular Speed Limit Control
Space Debris Sweeper
Personal Navigation Wrist Set

Ozone Layer Replenishment/
Protection

Energy Generation - Nuclear/
Microwave

'Energy Generation - Solar/

Microwave

Aircraft Laser Beam Powering

Mulitinational Energy Distribution

High Efficiency Solar Energy Generad

tion

57



FUNCTIONAL SYSTEM OPTIONS



QAW TON JINVIE 39V HNITIHUS

SECTION 2

FUNCTIONAL SYSTEM OPTIONS
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E-5713

This space functional system

1

options section presents the initiative options and

systems from the current mission models in a time-phased form containing phased system

options for the future. The options are

b
and sub-categories of function presente

presented for each|of the space functions, categories,

1 on the facing page.
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OBSERVATION

COMMUNICATIONS

SUPPORT

E-5713

FUNCTIONS IN CIVILIAN SPACE PROGRAMS

SURFACE ---- Resources/Pollution; Boundaries; Disaster Areas
OCEAN ---- Sea State/Ocean Physics; Collision Avoidance
ATMOSPHERE ---- Weather; Atmosphere Physics

SPACE ---- Astronomy; Geodetics; Planetary Exploration; Physics

INTERGOVERNMENT LINKS ---- International/Diplomatic
GOVERNMENT/PEOPLE LINKS ---- Voting/Polling

PEOPLE/PEOPLE LINKS ---- Personal
INTRAGOVERNMENT LINKS ---- Routine; Emergency
ENTERTA INMENT/COMMERCIAL LINKS ---- Profit-Oriented

NAVIGATION ---- Vehicular; Personal
TRANSPORTATION AID/CONTROL ---- Air/SealGround
ENERGY ---~ Delivery; Management

ENVIRONMENT MODIFICATION ---- Atmosphere; Weather; {llumination
DISPOSAL AND CONTROL OF WASTES ---~ Toxic/Radioactive )
NEW MED1UM FOR RESEARCH AND MANUFACTURING

SPACE TRANSPORTATION DEVELOPMENT ---- Low/High/Planetary

61



E-5715

The functional system options| data bank is presented in the form of seven data sheets,

one for each of the major functions in the civilian and military areas. A particular sample is
shown on the facing page for the purposes of illustrating the contents of the data bank. Each
sheet contains the system options:for near-term, midterm, and far-term space projects which
ap.ply for each subcategory of functions to be fuifilled, For the purposes of this report, we
define nedr-term as 1980 + five lyears, midterm as 1990 + five years, and far-term as the

year 2000 % five years.

The functions in civilian observation are shown as an example, with the sub-
categories of surface observation for resources and poliution, and ocean observation detailed.

The system options shown in the example are synthesized from the initiatives developed in
the covise of this report, the NASA and|the DoD STS mission models, and other information

from past NASA and DoD planning studies. The definitions of alternate or follow-on pro-
grams such as "LANDSAT-I, II, and III} vs;ere developed by the authors for this particular
- report and have no official significance.| As an example of the system options, the near-
term LANDSAT-I is assumed to be an operational Earth Resources Test -satellite with
somewhat improved readout and resolution from the current LANDSAT, LANDSAT-IIis
agssumed to be a further improved LANDSAT-I with much more spatial and spectral resolu-
tion, incorporating an active on-board radar with a synthetic aperture array and real-time
correlation of the passive and active signals either on board or off board. LANDSAT-III,
which is & far-term program, is assumed similar to LANDSAT-II except for the addition
of an active mode-locked laser radar with pico-second pulses for ® 0.3 mm ranging- capa-
bility, and correlation between the active radar, the active lidar, and the passive optics

on board., The numbers at the bottom right-hand corner of the near-term, midterm, and
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far-term system options are the estimated costs of R&D, acquisition, and transportation
for establishment of the required constellation of each of the system options, measured in
billions of dollars, No operational costs are included in these numbers, and the numbers

are assumed to be constant 1975 collars.

Similarly, SEASAT-Iis assumed to be a low-power active radar similar to the
current SEASAT development program, with data added from the postulated DoD programs
on specialized surveillance which are assumed to have a somewhat similar capability. In
the midterm SEASAT-II, the power of the active radar is assumed to increase to 25 kW,
with data added from more advanced postulated military surveillance satellites including
imaging in optical-through-infrared, should such systems be simultaneously selected for
a program plan. SEASAT-III is assumed to have an increase in power to 100 kW with the
addition of a far-infrared laser radar for possible imaging through clouds, as well as data
added from the far-term equivalent military space surveillance systems if available.
Thus, the data bank of system choices for program plans shows capability increasing with
time, and is composed of components ranging from single initiatives to combinations of

various civilian and military initiatives,
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Functional Sys

em Options Data

Bank

E-5715 Rl

l

MILITARY WEAPONS

-

MILITARY SUPPORT

-

MILITARY COMMUNICATIONS

—

|u"liLlTA RY SURVEILLANCE

C

VILIAN SUPPORT

CIVIL AN COMMUNI CATE

ON

CIVILIAN OBSERVATION

Functions Near-Term {1980=5)| | Mid-Term {19905} Far-Term (2000 =5)
LANDSAT-I LANDSAT-1] {LANDSAT-[11
¢ Operational ERTS o] Improved # as LANDSAT-|
Resources/ |e Improved Readout LANDSAT-I o Add Active Laser
Pollution  |e Improved Resolu- - More Resolution | - Picosecond Ranging|
Surface tion o| Active On-Board  |e Correlate with Aclive
Observation ¢ More Channels Radar Radar, Passive
o| Real-Time Optics
0.2 Correlation 0, 4-0, 6 0.9-1.28
Boundary —— —— e
Disasters e S —
SEASAT-I SEASAT-II SEASAT-HI
¢ Low-Power Active {e| 25 kw Radar o 100 kw Radar
Radar o| Add Data From DOD |e Add Far-IR Laser
Ocean ¢ Add Data From DOD Radar
Observation o Add Data From
boD
0.2 0.3-0.4 -
Collision — —
Avoidance -
Almosphere| Weather i e —
Observationj Atm. Physics — —— -
Astronomy i —— ——
Space Geodetics e —— —
Observation| Planet - — —_
Exploration

SEVEN
DATA SHEETS
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CIVILIAN OBSERVATION SPACE SYSTEMS

) SYSTEMS
FUNCTIONS CURRENT NEAR-TERM (1980 % 5} MID-TERM {1990 £ 5) FAR-TERM (2000 % 5)
FCOCl FCOl-1 FCOl-1G FCOl-IN FCOl-1M FCOL-1F
ERTS LANDSAT-E {LANDSAT-IL LANDSAT-IIL
RESOURCES ~ pasolve - operational ERTS e same as LANDSAT-I but wath e same as LANDSATII but
POLLUT[ON' « multiapectral - Worldewide real time = better resolution - add active laser
- low altitude readout - correlated wath astive - correlate with radat +
~ low resoclution on-board radar optical gensors
= vory high reasclution
0.2 0.4-0.6 0.9-1.2
FCQ)-2 FCOl-2N FCOI-2ZM FGCQl1-2F
SURFACE INTRUSION ALARM-I INTRUSION ALARM-II INTRUSION ALARM-LI
- large sensors ~ many large sensoras = VeI'y many sensors
OBSERVATION BOUNDARY NONE = leased channel comaat = direct readout « wrist-radio (small} genson
readout - multibzarmn antenna satellite - voery large cormaat
- central medium smize = diroct readout
antenna texminal on
ground 0.1 0,25 . 0.4
FCOl-3 FCO1-3N FCOl-3M FCOl-3F
DISASTER CONTROL -I  |DISASTER CONTROL-I] TASTER fg’nﬁm‘m‘m
» SEASAT-I e forest fire detecthion . LA}I‘I?SAT-III
e Hilitar Uses - passive IR, syach,equat. e M 1Twr
DISASTERS NONE e LANDSAT-I Data |e SEASAT I i
. From]e Mili 1’1
e LANDSAT-II .
FCOZ FCO2-1 ! FCQ2-1N FCOZ-1M FCOR-IF
|SEASAT-1 SEASAT-II SEASAT-IIL
SEA STATE, « active radar « game as SEASAT-I but & same as LANDSAT-III
CCUEAN PHYSICS NONE ¢ low altitude - higher power (F.EOI-IF]
o low powor ~ better resgolution . 1 e
OGEAN Dataifi'om: - rhlr"tm' * bl 1
* Hilitan . '
OBSERVATION . . . Filirary _ 0.2 0.3-0.4
FCO2-2 i rcoz-2r
COLLISION AVOIDANGE
COLLISION ~ space radar (Jluminator -
acttve
AVOIDANCE NONE NONE NONE - ship radar receivers -
pagsive
- bistatic mode
- coastal coverage
1,1
Rt -
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CIVILIAN OBSERVATION SPACE SYSTEMS {Continued)
[]

' SYSTEMS
FUNCTIONS CURRENT ; NEAR-TERM (1980 & §) MID-TERM {1990 £ B} FAR-TERM (2000 £ 5)
FCO3 FCO3-1 FGO3: 16 FCO3-1N FGO3-1M
TIROS, NIMBUS, SMS, ITOJ;_ METSAT-1 METSAT-II
¢ passive optical and LWIR |# SAME AS CURRENT but |e itmproved Metasat-1 for
- medium resolution - Tagher resolution = more resolution
WEATHER ! -~ more channels {includey - more spoctral channels SAME
« passive optical EQS, SES, 5PS, ¢ synchronous equatorial Metasat
ATMOSPHERE - sync equatorial TIROS, SMS) - high resolution
OBSERVATION - low resolution . le solar flix satellite 0.3 - 3-5 ft optice 0. 35-0. b
FCOO3-2 FCO3-2}.L FCO3-2N FCO3-2M FCO3-2F
: ATMOSPHERIC PROFILOMETER
ATMOSPHERIC ' « laser radar
PHYSICS SAME AS FGO3-1C SAME AS FCO3-1N - low orbit SAME A3 FCO3-2M
' ~ temperature and pressure (,34.
) gradients (profiles) directly g, 5
FCO4 FCC4~1 FCO4~ 1& FCO4- 1N FCO4-1M PCO4-1F
., | ASTRONOMY-I ASTRONOMY-II ASTRONOMY-III
o QAQ e LST ¢ VLST #{3-10 meter) e 240 moter telescope -
ASTRONOMY - optical, UV, partlcu- ~ 2 meter optical e large radio observatory optical
late flux telescope e focusing x-ray obsexrvatory e 100 kilemeter radic
- ¥, X=ray s 0OSO o SPS # large solar observatory telescope
s 0SO, Explorer s Explorer # large radio obscrvatory » advanced solar observatol
SPACE » HEAO 1.0-1. 5 ® focusing x-ray telescope, & advanced focusing %-xa
:0-3. 0 teloncops ﬁ 5-¥.
OBSERVATION FCO4-2 EGO4-205 FCO4-2N FCO4-2M
. GEODETICS-1 GEQDETICS-II
' « OGO | | » SEASAT-I
s GEOS i | « LAGEOS « laser, SAME AS GEODETICS-1
GEQDETICS ! geodetic satellite - Improvements SAME
¢ GRAVSAT - gravity sat.
¢ MAGMON - magnetic
field monitor
) + GEOPAUSE 0.8-1.2 1.%-1.5
!
i
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CIVILIAN OBSER VATION SPACE SYSTEMS (Centinuved)

SPACE OBSERVATION (Continued)

SYSTEMS
FUNCTIONS GURRENT NEAR-TERM {1980 % 5) MID-TERM (1990 £ 5) FAR-TERM (2000 % 5)
mes——|
FCPL FCPI1-C ‘FCPE-N FCP1-M FCPLI-F
s Helios e Viking Orbiter/Lander # Surface Sample return + GSatellite Sample return
e Prioneer Venus # Venus bucoyant station
s Inner Planct follow-on + Mercury orbnter
INNER PLANETS/SUN ¢ Venus radar mapper ¢ Venus Large Lander
=
g 1.0 ' 1.0-2. 1.3-2. 3
;: FCP2 FCP2-C FCP2-N FCP2-M FCP2-F
Q
Wl : ¢ Pioneer Jupiter flyby e Mariner Jupiter/Uranus | ¢ Pioneer Jupiter Probe e Juplter/Saturn
& ¢ Vilkang Mars 75 T flyby » Mariner Uranus/Neptunc orbiter-lander
] OUTER PLANETS * Mariner Jupiter/ » Pioneer Jupiter /Uranus flyb s Pluto flyby
5 Satura 77 s Mariner Orbiter Saturn ¢ Pluto lander
e # Pioneer Saturn Probe '
é , s Pioneer Saturn/Uranus
13 fiyby
= * Mariner Jupiter Orbiter
; 0.9 0.9.1.8 Laadl
FCP3 FCP3-C + FCP3-N FCP3-M FCP3-F
e Dual Comet flyby » Halley flyby ¢ Comet sample return
COMETS + ASTEROQIDS NONE o Encke slow flyby ¢ Aptercd rendezvous * Asteriod sample return
e Encke rendezvous
0.2 0,2-0.4 0.4-0.7
FCP4 FCP4-C FCP4-N FCP4-M FCP4-F
» Explorers # Gravity + relativity sat. { @ Helio + interstellar satellite * Cosmc ray lab,
@ Environ, periurb, sat,
W FHYSICS PROGRAMS « [high energy astro-
3 physics
o
i
[N
0,3-1.0 0.2-1,2 1.2-2.2‘

67



CLVILIAN COEM.MUNICATIONS SPACE SYSTEMS

SYSTEMS
FUNCTIONS CURRENT NEAR-TERM (1980 * 5} MID-TERM (1590 £ 5) FAR-TERM {2000 % 5}
FCC1 FCC1-Cl FCCl-N FCC1-M FCCl-F
US~-USSR HOT-LINE - 1 INTERGOVERNMENT~-1 INTERGOVERNMENT -1 INTERGOVERNMENT-IIE
- dedlecated channel on « Hotline-II = Hotline=III s integrated international
) commeon-user satellitis = dedicated Comsat ~ dedicated large Comnat ~ all section users
INTERGOVERNMENT LINKS » DSCS«II/ MOLNLYA T - a few large terminals awitch = small terminals
- teletype -~ pmall user terminals throughout
! ~ ane for each natien
. ~ pecure coded
» National Information Services
= large multibeam sateliite
' » 0.25 - amall international usexrs 9, 5l0. 7 0.6-0.8
o IR
' Fccz FCG2-N FCC2-M FCC2-F
VOTING-POLLING-I YOTING-POLLING-II INTEGRATED COMMUNIC,
GOVERNMENT-TO-PEOPLE LINKS NONE o {= 1cased channels on oxist- |- dodicated or shared large SR IO form oft
ing Comsats multibeam Comsat F -M, *
» Precingts tied to govern- |~ persgonal '"wriet radio” terminaly FCC3-M, FCC4-1M,
ment computer ~ wotoe collection, polling the FCC4~2M !
opulation
0,05 FOP 028 Q/er 0. 5-0.8
FCC3 FCC3-M
PERSONAL COMMUNICATIONS (INTERGRATED COMM.
T SERVICES
. - large dedicated multibeam SERVICLS
Comaat ~ Same ag FCC2-F
FEOFPLE-TO-FEUPLE LINKS NONE - porsonal "wrist radie" terminaly

- voice channels between wrist
radios or 1nto telophone
netwerks

3-D CONFERENCING

= video - audio - hologram
confarencing 0. 35
- large Cornsat small tertninals

o0/or 0,67
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CIVILIAN COMMUNICATIONS SPACE SYSTEMS {Continugd)

SYSTEMS | *

ENTERTAINMENT/COMMERCIAL LINKS

COMMON CARRIER

TV BROADCAST I

- Comaats Integrated Into
ground networks for
eommerclal traffie

o _

- limuted application
~ few channels

TV BROADCAST-I1

~ all TY traffic
- all channels

INTEGRATED COMMUNIC,
BERVICES

= large terminal antennas - amall usor antenna SAME
{12 ft) 0.3 0,5-0,7 0/or 0.95
— _

FUNCTIONS CURRENT NEAR~TERM {1980 £ 5) MID-TERM (1950 % 5) FAR-TERM (2000 & 5)
Fecs FGC4x1 FCC4-IN ECC4-1M FCG4-1F
Experuments 1n TWX ELECTRONIC MAIL~1 ELECTRONIC MAIL-IT ’ INTEGRATED COMMUNIC,
postal service delivery L. leaged channel on Comsat |- large dedicated multibeam FERVICES
- seclected mail between Comasat
post offices - all mall - all gost offices
ROUTINE - large terminals - smmall terminals Same 23 FGC2-F
INTRASOVERNMENT INFORMATION LINKE INFORMATION SERVICES .
- leased channel for medica}- medical, library, FBI, ete.
LINKS Library data data ’ .
o1 - dedicated Comasat 0. 38-0, 55 0for 0,8
4-2 FGG4-2N -2 -
Eoea-z, EMERGENCY -1 EMERGENCY. =~ SoCi2:M FCo4-28
SEARCH AND RESCUE ® Disaster control INTEGRATED COMMUNIC,
- global ® Urban C&C SEEVECE'S
EMERGENCY NONE - Emall weer terminals - Snasrch and éeggl;clN Same ag FCC2Z-F
- Same as -
- dedicated Comsats w Information Services
0.27 - Sama as FCC4-1M 9,5-0,7 . 0/or 0.95
T N S S, A L
FCC5 FCC5-C FCC5-N * FCC5-M FCCS.F
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CIVILIAN SUPPORT SPACE SYSTEMS

Fis

L

70

SYSTEMS
FUNCTIONS CURRENT NEAR-TERM (1980 z 5) MID-TERM {1990 % 5 FAR-TERM (2000 £ 5)
FGS1 FGS51-1 FGS1-1N FCS1-1M FC§1-1F
USE INITIAL GBS USE oPS USE GPs
T
« U,5,A. - global - Same, but less expensive
VEHICULAR NONE - adcurate receivers
- high speed users
NAVIGATION - eXpensive user sets
' FC51-2 FCS1-2N FE51-2M FCS1-2F
] PER'SONAL NAV-1 PERSONAL NAV-II | PERSONAL NAV-III
PERSONAL NONE - didicated small - dedicated large satellite » Add directlon + speed
. Ialcllntcs - wrist radios - cheap to wrist readout
- campacl radio user sets - [ - 100 ft accuracy
Lexpensive
‘ - anllc accuracy 0.1 0.4
- 1
- FCs2-M FCS2-F
Fosz FCSZ-N | 70 ANSPORTATION-1L TRANSPORTATION-HT -
TRANSPOR TATION-1 e AIR TRANSPORTATION » AIR TRANSPORTATION
o« GPS (imteal) SERVIGES-1 SERVICES-I
» AEROSAT -~ sgurveillance - survaillance
¢ MARISAT - navigation - navigation
TRANSPORTATION AID/CONTROL NONE B - Z=way data communication « 2-way voice and data comn
s URBAN TRAFTIC CONTROL | URBAN TRAFFIC CONTR
N . = wvelicle maxuynum speeds con- |- Same
trolied posihively
- commandable engine goveraors | ® GOASTAL RADAR
« determune car speed - then ~ passive coastal radar
: command - large, powerful gatellite
t . 0.1 0.6-1.2 |- passive users 1.7-2.3
’ FCS3-1F
FCs83 FCs3-1 ‘ DELIVERY -1 _—
& Nuclcar
! e Solar
DELIVERY NONE NONE NONE e RTG
= microwave beam
delivery
ENERGY ! - large, heavy gpececraf
1
) } N 10.0-15.0
FCS3-2 ‘ FGC53-2N FCS31-2M FCS3-2F
. == MANAGEMENT-1 MANAGEMENT-1I -
» CONSOMPTION MONITOR NN -1
MANAGEMENT NONE * 5 12 Shime as i, bat mare {}"‘O‘ljnl SAME
1 » NUCLEAR FUEL LOCATOR
R 0,15-0,25 [~ tracks fuel rods everywhare 0.4-1,0
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CIVILIAN SUPFPORT SFPACE SYSTEMS (Caontinucd}

FUNCTIONS CURRENT NEAR-TERM (1980 £ 5) MID-TERM (1990 * 5} FAR-TERM (2000 + 5}
FC354 FC54-1 FCS4-1M FCS4-1F
QZONE LAYER-] CZONE LAYER-II
ATMOSFHERE NONE NONE « replenish/protect & Add other compounds
« apray chemical from shuttle
= deactivate frcon radicals
1.6 2.0
FCS4.3M FGS4-3F
Fcs4-3 . ILLUMINATION~T  ~ | ILLUMINATION-TL
s CITY NIGHT ILLUMINATOR |*® fiﬁf%nsf;‘:,ﬁﬁmmﬂ'r
- large thm film mirrors -
ILLUMINATION NONE NONE = polar reflection - Igg;;&zrﬁgg’t 5 faminate
~ synchronous equatorial orbit selected regions on
command
L1 ¢ CITY NIGHT ILLU \. TPR
b— re— m
FCS5-1 FCS5-M FGCS5-F
E—sé WASTE-I WASTE-IL WASTE-O1 _—
! + SPACE DEBRIS SWEEPERs NUCLEAR WASTE ¢ NUCLEAR WASTE-
DISPOSAL AND CONTROL OF WASTES NONE = tug reaident in orbait (EXPERIMENTAL) OPERATIONAL
- deorblt gpace debria e SPACE DEBRIS SWEEPER shuttle payload + tug
eacape orbits for waste
» SPACE DEBRIS
0.13 0.2-0.3 Same 0,5-0,6
FCS6 FCS56-1
LOW EA EXPENDABLE SHUTTLE SIN . v
RTH INGLE~-STAGE-TO
ORBIT ] ORBIT LASER BOOSTER
TRANSPORTATION
DEVELOPMENT lx I X I x !x
FCS6-2
HIGH » LARGE MARNED TUG
EARTH EXPENDABLE TUG ‘SEPS LARGE SEFS
ORBIT
|Y | ¥ . ] h'd l b's
X+Y = 1B X+Y = 5.0 X+Y = 10.0.15,0B- X+Y = 15.0-30.0B
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systems data sheets are omitted
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SECTION 3

FUTURE ENVIRONMENTS, NATIONAL GOALS,
AND RELATED SPACE OBJECTIVES
1980-2000
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1. INTRODUCTION

In the future, in contrast to the past, the space program will not be severely

limited by the state of technology. ©O

exceed the prudent capacity of the nat

r capability for space activities will undoubtedly

ion to afford them. It is necessary then to examine

what we really should do in space, rather than catalog simply what we could do.

To treat what we should do, £
which we believe will dominate the ac

With these trends in mind a set of ide

is appendix first considers broad trends in the future
tivities in our society for the 1980-2000 period.

al goals is proposed -- goals to strive for even when

predictions are discouraging. Then a variety of space functions or opportunities are

suggested leading towards those goals,

Both military and civil goals are treated here, the latter somewhat more fully.

By seeing the total picture of space activities, we may be able to discern common uses in

the civil and military areas.

2, DYNAMICS OF FUTURE INTERNATIONAL POWER

RELATIONSHIPS

This section discusses import

AND U, S. NATIONAL DEFENSE

ant trends in international relations which could

affect the balance of military power in the world. By understanding these trends, the

U. S. may better plan those aspects of its space program which contribute to its

military capability. By knowing the
the future, the U, S. may make more
common requirements for both milita

requiréments in support functions.

The details of the military go

classified version of this report.

nost significant military applications in space in
economical use of its space facilities by exploiting

ry and civil space activities, particularly common

als and applications are only included in the




2.1 FIVE REGIONAL GREAT POWER CENTERS

From the end of World War II until about 1970, international relations were
dominated by the positions of restrained conflict of the two great military powers of the
world, the U, 8. and the USSR, Inthe future, international relations probably will be
much more complicated, because the group of great powers will be enlarged. Already the
PRC has attained considerable military power, and its capabilities, particularly in
strategic weapons, will continue to increase. The complexities of the relationships which
will grow up among the three nations, the U, S., the USSR, and the PRC, and the serious
consequences of any nuclear conflict, will generally preclude the use of extreme force.
The influence of purely military power in international relations will be limited, and
instead other types of power -- economic, technological, even cultural -- by other nations

and by geographical areas, will gain important leverage.

Today five areas, only three of which possess gignificant nuclear force, are
emerging as regional great power centers: (1) the U, S. and Canada, (2) Western Europe
and Britain, (3) the USSR and its western border satellites, (4) the PRC, and (5) Japan.
The basis of their future strength is suggested in Table 2 ~-1. With the exception of Japan,
these areas have the potential for long term economic strength based upon a combination
of rich land and favorable climate for agriculture, abundant natural resources, population
balanced for industrial production and internal food supply, high capital investment in
productive industrial capacity, high level of technology and educated population capable of
exploiting it, and internally stable governments and institutions. Japan is a Spe}:ial case,
for it is a country lacking in fertile land and natural resources, Nevertheless, Japan has

rapidly expanding industrial productivity fostered by specific traditions of cooperation of
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labor, business, banking and governmeﬁlﬂ. Barring a major international war, all the five
areas should continue as great power centers into the 21st century.
Table 2-1. Year 2000:| Regional Great Power Centers =
Sources of Strength
% A &
& A 4 S0 o
o @ A, & ! 9] () vy
& é‘? éﬁ ~ S & c'? o I o 5
o N & y Ie) 2
g & ;8T B 3 5 il &
< 954/ & & ¥ o & @
| SR dai v <7 & &
1. U, S, and Canada + 0 + + + + +
2. Western Europe . 0 + - 0 + +
and Britain '
3. USSR and Eastern + + + + + + +
Europe
4, China 0 - + - + + 0 ?
5. Japan - - + - - + ¥
+ Unusual strength, 0 Moderate strength, - Low strength, ? Unknown
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The remainder of the world is now fragmented into many small political and
economic units, only a few of which are progressive or productive of economic surplus.
Most of the units are economically marginal, and some way be operating at a net pro-
ductivity deficit. In the future, while the gross production of these areas will increase,
and may even increase on a per capita basis, the productivity will continue to lag so far
behind that of the surplus areas that the economic gulf between the developed and under-

developed areas will widen.

2.2 BASIC CAUSES OF STRESS IN INTERNATIONAL RELATIONS

The past three decades have seen strong tensions in international relations, and
although there has not been a serious threat of major war, several intermediary scale
conflicts and many minor violent changes of government have occurred., Future prospects
for reduced tensions do not look good. While some of the present ideoclogical causes for
tension may be reduced in their effects, other causes probably will grow in importance --
demographic, racial, cultural, technological and economic. The world is becoming more
complicated and more interdependent economically. The pace of cultural change is
straining the adaptability of advanced societies. The underdeveloped areas of the world
will have real as well as seli-perceived causes for dissatisfaction, ranging from serious
food shortages to the disappointment of rising expectations. The great power regions,
while enjoying an era of high and increasing wealth, will be faced with real international
competition for raw materials, for markets, and for technology. Some further illustrations
of the basic causes for stress between nations are given in Table 2-2, Although we cannot
predict when or in what specific form stress will develop, nor which regions will be affected,

we have little doubt that the stresses will be both widespread and severe.
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1

Table 2-2. Basic Causes of Stress

Affecting Less Developed Areds

e
b.
C.
d.
€.
f.
2.
ho

1.

Food-population maldistribution
Depletion of natural resources
Natural catastrophes -- floods, drought, biological condition

Unstable markets for raw

materials

Difficulty of rapid cultura]l adaptation to modern civilization

Cultural or ethnic clashes

Disappeintment of accomplishment compared to rising expectations
Direct great power economic or military pressure

Great power involvement

lAffecting Great Power Areas

a.
b.
C.

‘dn

e,

f.

£

Competition for raw mate
Competition for markets.
Competition for advanced
Delicate interdependence

.Reluctance to accommoda

Small country conflicts as
for advantage.
Idelogical antagonism

in local troubled areas

ridls and industrial supplies

technology

of great power economies.

te to changing power positions.
vehicles for great power maneuvering




2.3 COMPLEX PATTERN OF INTERNATIONAL RELATIONS 1980-2000

The general pattern of international relationships which will develop in the last

two decades of the 20th century is shown in the diagram of Figure 1-1. In striking contrast

to today's bipolar world characterized either by confrontation or detente between the U, S,

and S, U, alliances, tomorrow's world will be essentially multipolar, The five regional
military-economic great power centers will vie for political or economic as well as
military advantages, As a result, there will be many transient coalitions, arranged for
specific situations, dissolving and reforming as situations change. Japan, for example,
now so closely tied to the U, S., may move towards China as a natural source of raw
materials, particularly oil, and as a natural outlet for consumer products, industrial
equipment, and possibly even venture capital. New Chinese leadership after the passing
of Mao possibly even may cover over at least temporarily the present ideological gap
between the two communist superpowers, the PRC and the USSR. But also as Chinese
"crop yields fluctuate from years of scarcity to years of sufficiency, China, to arrange
agricultural imports, may alternately seek or reject rapproachment with the U. S. The
maneuvering will be complicated, the alignments temporary, the results will be not so

much power instability as shifting successive conditions of power balance,

Strategic nuclear war could of course destroy any of the super powers. Each
region will seek to protect itself, the nuclear great powers by direct deterrence of some
form, the non-nuclear great powers by ententes with the nuclear powers. Towards the
end of the 20th century the three nuclear powers will all be advanced enough technologi-
cally to devise such protection, and determined enough nationalistically to maintain

such protection. As a result, a fairly stable nuclear stalemate will be maintained,
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perturbed sometimes by real, and more often by perceived, technological developments
or force deployments that temporarily upset the nuclear balance. The nuclear stalemate
will not only preclude any severe nuclear war among the five regional great powers, but
it will deter any serious conventional war as well., However, limited military action by
one great power in which the vital interests of the others are not involved will not only be
permitted, but actually encouraged by the incredibility of full nuclear reaction under

stalemate conditions.

The complicated relationships between the great power centers and the remainder
of the world are indicated fay the jagged lines in Figure 1-1. Not all the countries are listed here,
just examples of three types, the economically viable, the marginal, or the underdeveloped,
In the less developed regions of the world there will be ample cause for severe conflict,
and ample opportunity for military action to occur. The nuclear stalemate will exercise
no restraint on these conflicts. Instead, unfortunately, in the multiparty maneuvering of
the great power centers, the legitimate local conflict situations may be exacerbated by
great power involvement. Local conflicts will not be rare. According to past experience,
in unstable developing areas such as Latin American and Middle Africa, the time between
more or less violent changes in governments or local wars is only a few years in each
country. Among the many national units in such areas and over the next quarter of the
century, there could be hundreds of conflicts at some level of intensity. Wisdom in great
power actions will be needed to prevent, to ameliorate, to limit, or at the least not to

inflame such conflicts.
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2.4 POSSIBILITY OF SCARCITY -\OPPORTUNITY FOR PLENTY

As just discussed, internationJ»l relations in the multipolar world will be very much
more complex than in today's bipolar world. The nature of these relations will depend
very much on overall world conditiong. -- on whether the future develops as a world of
potential plenty or of definite scarcity, There are some indications of impending
scarcity -~ continued rapid population|growth particularly in underdeveloped regions,
almost ‘co:n’nplete utilization of prime farming lands, decline in productivity of fisheries,
relative scarcity of some industrial rJLW materials, shortages in energy supply, and
partial destruction of the general envilronment. In such a future, international relations
might be viciously competitive, since [one power can enrich itself only at the expense of
its neighbors. But there is promise of a world of plenty. Population growth has slowed
wherever it was apparent that large families were not needed for parental economic

security. Industrial productivity is still increasing at least linearly with capital plant,

and capital plant investment is increasging exponentially with time in the great power
centers., Scientific knowledge and technology are also exponentiating, and the applications
gap of technology to industrial productivity is now much less than a human generation.
Basic energy resources in coal and injnuclear fission are adequate for centuries, even
though not immediately available becalise of lack of capital plant; and solar energy, hot
rock geothermal energy, or nuclear fision energy, each of which might be exploitable,

all are virtually unlimited. The combination of advanced knowledge and large supplies

of energy can repair the environment,| expand the agriculturally profitable land area, -

and eliminate shortages of industrial raw materials, Where there is potential for plenty,




international relations can emphasize cooperation and fair play, because increasing

total productivity will enlarge everyone's fair share,

It appears plausible that during the last quarter of the 20th century, the world
may actually have the choice of whether the intermediate future is one of plenty or one
of scarcity, Inthe fear of scarcity, the great power centers could expend their resources
and energies in frantic competition including wasting military conflicts, and so reduce
the net world productivity, The lack of surplus would result in diminished capital growth,
further loss in productivity, and so bring on just the scarcity which was feared.
The expectation of plenty could likewise become a self-fulfilling prophecy, as wise
ecc;nomic cooperation increases overall productivity, which generates surpluses for
capital investment, which in turn increases production.

2.5 MAJOR CONCLUSIONS AND MAJOR U, S. GOALS
IN INTERNATIONAL RELATIONS

We have just outlined our view of the general dynamics of interational relations
for the remainder of the 20th century. The dynamics gives the framework but stops
short of predicting the details of what will occur. Just because it is general, not specific,
we have some measure of confidence in its predictions. But knowledge of the dynamical

relations without specifics, nevertheless can be useful in setting our national goals,

Major conclusions based upon this viewpoint of international relations lead to

four major goals or policy guidelines.,
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set of goals for the U, 8. in internati
for the 1980-2000 period.

Maintenance of Balance of Power

The world will have five regio

nal power centers. The U.S. should seek to

preserve the multipolarity of the relationships among the five by maintaining

a balance of power in the shift
foster the doctrine of ""rule of
unilateral action,

Increased Global Economic P1

ing alignments that will develop, We should
the concurring majority' rather than that of

roductivity

There is the potential but not Lhe historical necessity for a world of plenty.

The U, S. should foster econo

mic cooperation and keep political competition

bounded to increase global economic productivity.

Non-Prejudicial Avoidance of

Local Conflict Involvement

'Minimize Great Power Confro

Throughout the world there wi

11 be hundreds of more or less violent changes

in goveérnment, revolutions, mainor international military actions, local wars,
Generally the U, S. should avpid direct military involvement in the local

conflicts. However the U, 8.

should uphold its position of leadership and good

influence among nations by maintaining the capability of credible intervention

when required,

ntation in Minor Conflicts

The large number of minor co
maneuvering which unfortunat
involvement should attempt to

The viewpoint developed here

nflicts could provide a field for great power
ely will be exploited to some extent, U. S,
be non-confrontation and non-escalatory.

will be used later as a basis for a rather complete

onal relations and accompanying military objectives



3, EVOLVING FUTURE PROBLEMS - CIVIL AREA

3.1 COMPLEXITY OF LIFE PATTERN

In future international relations, a general dynamic behavior has been discerned,
the pattern of labile coalitions in a multipolar world., From this pattern, independent
of the details of the future developments, many important goals for U, S, policy can be
obtained. In the field of internal affairs, however, no comparable general pattern has

emerged to guide us towards a set of national goals.

Instead it appears that U. S. society will become both more fragmented and more
complex. The early 20th century melting pot ideal which was leading to 2 homogeneous
society has been replaced by a pluralistic ideal. But this ideal is confronted with the
pressure towards conformity of a nationwide market economy and of nationwide press
and communications media. In this conflict of the pluralistic ideal with the real world,
the strength of diversification in the culture, could be lost while much of the divisiveness

will remain.

The complexity of the society also, instead of being a source of richness, will
probably be largely a source of frustration. The former patterns of personal life, --
a stable family, dependable church ideals, a steady structl;red job -« are disintegrating,
and definite new patterns have not emerged. Even the tremendously productive American
economy may become stalled by this complexity. At present neither the tools nor the
techniques of production, either industrial or agricultural, pose any great problems.
But rapidly changing technology is making our capital plant obsolete, while rapidly

changing marketing preferences are straining the adaptability of our distribution systems.
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Some significant problems arela listed in the following Table 3.1,

Table 3~1,

INTERNATIONAL

B W N

Overpopulation - Los:
Limited Natural Reso
Disaffection of World
Stress, Conflict and V

NATIONAL

5.
60
70
3.
9.
10.

Some general trends, particu]
Table 3-2, While the details may nof

pattern may well be,

Significant {Problems of the 1980-2000 Period

3 of Expansion Space
rees

with U, S. Affluence
Varfare

Local, Not Global Opi
Stable Energy Supplie
Agricultural Manage

Government Responsi

simization of Industrial Activity
s at Adiabatic Price

ent at Adiabatic Price

ility for Health and Safety

Feeling of Exclusion from ""The Establishment"

Frustrated National C

]

ireatness, National Morality

larly in our attitudes are suggested in the next
: be confirmed by future history, the general




1.

Table 3-2. Some General Trends 1980-2000

World of limited horizons. Pessimism and pragmatism replace optimism and
idealism.

Popular faith and support of central goveranments low, Government stability low,
although regional stability good.

In emerging nations political parties, civil service, business organization all
weak., Center for organization is likely to be military forces., Practical
exercise of government gravitates to military.

Trend away {rom idealistic or pragmatic internationalism.

- Trade wars.

- Dog-in-the-manger control of resources.

-  Hard-hearted as well as hard-headed approach to
international aid.

- Technology hoarding.

The pressing problems of the future appear to demand flexible organization and

management of our economic system and our social institutions so that the plurality of aims,

including conflicting goals of other nations can be accommeodated. In this era, information

and information management will be key tools, replacing in importance industrial produc-

tion and political control. Because space facilities are well suited for acquiring large

amounts of information, and routing it in very flexible fashion, space operations could
play a crucial role in helping the world through the difficult period of the late 20th
century.
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' 4.
|

U.8. GOALS IN SPACE EXPLOITATION 1980-2000

The% set of trends, and possible developments, that may characterize the last

part of this century that has just be

n discussed in this appendix form an amorphous

|
background of material on which to develop rational goals for a space program of the

1980-2000 beriod. Actually in this Tvork 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

"

significant lfor human welfare under

The following sections of this

The set of lgoals selected are respo
i

dent of the ‘particular problems.
ideals, but{these ideals may be wort
the reéal world. So many of the goal
general "miotherhood! statements.

we have attached relatively specific

l

One purpose of establishing ¢
sources to |specific programs. The
aid in this task. To make progress
and u'rgenc!y of the goals should be e
the prier discussion of the dynamics

systems, and then ordered under logical categories

almost any projection of historical circumstances,

appendix discuss the national goals which should

‘serve as a'basis for planning the space program for the remainder of the 20th century.

sive to the views of the key problems of our society

" that have just been discussed. However, the goals are to a considerable extent indepen-

By

their nature, goals represent somewhat distant

hwhile under a variety of imperfect conditions of

s, both in the military and in the civil areasg, are

They are worthwhile for planning nonetheless, since

space functions or objectives to the general goals,

+ set of goals is to aid in assigning priorities and re-
goal structure here is too general and inclusive to
in assigning priorities, the relative importance
stablished, and that has not been done here. However,

of international relations and of the problems in the

civil area can help in generating some perspective on the importance of the various goals,




While still quite general, the goals selected form only a subset of the goals for the
future society, a subset chosen because these goals may be significantly affected by space
activities. Particularly emphasized here are goals due to newly developed needs that can
be satisfied by the opportunities presented by the world's emerging space capability,
Among the new needs is the care of our planet earth -- man's activity is reaching the
level where he may seriously disturb the physical as well as the biological equilibrium
in nature. Space platforms provide a matching opportunity for monitoring these disturb-

ances on a global level while they are still small and hopefully correctable.

The military goals will be treated first in outline form, Space applications are
suggested by most of these goals so much so that we believe space systems can vitally
affect the balance of military power. Then the civil area goals are discussed in somewhat

greater detail,
5. U.S. GOALS IN INTERNATIONAL RELATIONS 1980-2000
5,1 GOALS
A. General

1. Continuity of U. S,: Continuance of U, S. as a national entity with self-

determined political institutions conforming to its constitution.

2. Defense of homeland: Protection of U, S. homeland from damage by

military force.
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3., Climate of peace: Pr:omotion of climate of international peace to relieve

burden of fear of war from all nations, and reduce burden of excessive armaments
engendered }Jy that fear.

4, International leadership: Maintain a position of leadership in international

community.

5. Evolutionary development; Promotion of evolutionary development of

nations by peaceful means.

i
6. Limited reaction to revolution: Case by case determination of U. S,

reaction to revolutionary changes in foreign political structures (including changes brought
about by local international military forces), based upon principle of U, S. enlightened
self-interest,

7. Protection of U. S. citizens abroad: Protection of U, S. citizens in
foreign 1a.ndé;; from unlawiful force,

B. ]l*]conomic
!

8. Secure foreign supplies of materials; Securing of stable supplies of
materials from foreign countries at cilose to free market values.

4

9. Reciprocal trade for U, §, farm produce: Management of U. S. farm

product surpluses to secure brderly ‘*orld markets in those commeodities, and fair
reciprocal s'?.pplies of materials to the U, S.

10, Expanded vegetable px]otein: Encouragement of worldwide vegetable

protein prod?ction -~ 80y beans, new |forms of corn, future developmental crops.




11. Ocean resource exploitation: Foster international exploitation of ocean

resources.

12, Space exploitation; Foster international economic exploitation of space

for communications, meteorology and earth resources development,

13, Intermational nuclear plant regulation: International regulation of nuclear

electric power plant operation to promote safety, control fission products and radioactive

by-products, and prevent diversion of dangerous nuclear materials.
C. Political

14, Multi~-power international community: Development of a true multi-power

international community. Power centers probably as follows: {a) U, S. (b) Western
Europe including Britain., (¢} S. U, (d) P,.R.C. (e) Japan, Institutionalize the "rule of

the concurring majority'' in determining international relations.

15, True detente with S, U,: Agreements to be based upon practical mutual

advantage, not merely to foster a spirit of detent. Mutual reduction of offensive strategic
nuclear armaments, perhaps by agreement to scrap overage force elements on a substan-

tially equivalent basis,

16. Normalized relations with P.R.C.: Full normalization of relations with
P.R.C. Substantial mutualtrade with P.R.C., Negotiation of trade benefits and U. S. to

P.R.C. technology transfer contingent upon Chinese restraint in entering nuclear arms

race,
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somewhatianalagous to European ¢
Middie Ea{st, Oceania.

| 18. Organization of As

17. Pattern of regional common markets: Support of regional associations,

mmon market, in Latin America, Middle Africa,

ian states: Development of an organization of Asian

states wit}I} major policy determinaf

i

19. Economic viability

ions left to.the Asian community.

of Indian peninsula: Support of India and Pakistan on

a goal orielnted program to achieve

D. !‘ Geophysical

substantial economic self~-sufficiency.

!
| 20, International envirgnmental agency: Establishment of international

commissio!in to prevent deteriora.tiorf of geophysical environment, Initially the commission

should have purview over radioactive contamination, but eventually over inorganic chemical
poisons, and organic chemical poisons as well.,

|21, Law of weather alteration; Negotiation of international agreements,

and develo;;!ment of international law on weather alteration,

l522. Study of long-term

environmental deteridration: Establishment of inter-

national geci)physica,l study agency to

predict long term environmental deterioration

¢

release.

possibilitie:ls such as co,



5.2 PROJECTED U.S. MILITARY QBJECTIVES 1980-2000

(These objectives are found only in the

classified version of the report.)

6, GOALS AND RELATED SPACE OPPORTUNITIES ~ CIVIL AREA

The goals are grouped into three categories, representing different aspects oi
human nature. The categories are (1) materialistic, (2) humanistic and public service,
(3) intellectual. Under each general goal, some specific contributing space functions

or opportunities are listed.
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6.1 MATERIALISTIC GOALS

1. Promotion of international peace

1.1 UN space based 1|:ruce monitoring system
1.2 International treaty verification.

1.3 Complete system

of heads of state '"hot line'!

communications for crises avoidance

2. Position of world leaders

hip for the U, S.

2.1 Space developments indicating technology

' leadership

2.2 International space enterprises with major
U. S. contribution

3. Optimization of industrial

activity

Industrial productivity|will continue to be one of the pillars of our social

well being towards the end of the 20th century. Techniques of production per se will be

more than adequate, But management of production -- matching production to the needs

and desires of the consumers, balan

ing efficient exploitation of resources against

conservation dnd preservation of desirable envir onmental characteristics, and arranging

for effective distribution -- will beco

me much more complex and difficult. In management,

information, gathered from all over the country, and to some degree from 211 over the

globe, will be the key; and space can

provide the natural platform for obtaining this infor-

mation. The following list includes general space functions which will be significant

in contributing to-the goal of optimizi

ng industrial activity. In every case specific space

initiatives as described in the body of this report are available to support these functions.




3.1 Exploration for land resources
‘3.2 Dis¢overy and management of industrial

ocean resources
3.3 Monitoring industrial activity and wastes
3.4 Overseeing and controlling ground transportation
3.5 Overseeing and controlling ground energy distribution
3.6 Possibly providing for energy distribution via space links
3.7 Weather prediction and warning
3.8 Provision of wide variety of communication capabilities.
3.9 Prediction of ionospheric disturbances and management

of communications to lessen their efforts.

4, Agricultural, Forest, and Fishery Management

World food supply will be critical in this future period, and the U. S.
should continue to produce a local food surplus. While individual farming efforts in the
U. S. are now extremely productive, farming as a business is cyclical, unpredictable,
and risky due to weather. World fisheries are now poorly managed, locally overfished
for highly desirable species, but globally underutilized as a source of protein, Forests,
as a source of lumber and as a valuable stabilization of watershed, will always be subject
to disease, insect infestation and fires. Management of all these resources could be
aided by world-wide information, and space platforms by their global c\overage could be
an efficient medium for getting this information, General space functions in support of
this goal are

4.1 Long range weather prediction for agriculture

4,2 Short range weather prediction of heavy rains for
agriculture and of lightning storms for forest
fire prevention -
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Short range wealther prediction and warning at sea

Worldwide crop|surveys and prediction

Forests surveys for general ecological effects

Early forest fire detection

Survey of fisher%r resources and monitoring of
fishing activily and catches

Ll S
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5, Provisions of New Resolirces from Space

In principle space sources might be useful in supplying new resources to
earth, particularly once economical“‘supplies on earth are exhausted. For the remainder
of this century it appears premature to attempt to supply materials from space. But
in this time period solar energy could be converted to microwaves and beamed to earth
possibly to supply bulk electric power needs. The technical method exists, essentially
unlimited solar energy is freely avallable, space generation eliminates hazard and
pollution accompanying energy genenation on earth -- the question is whether space power
can compete economically with earth supplies. A valid goal for space activity in this
area ig therefore
5.1 Verification of edonomical bulk power generation
in space and transport to earth.

6. Exploitation of Space Environment for New Technological Capabilities

The future will see requirements for '"high technology' at least in some
areas. The unusual qualities of the space environment may prove economically useful in
development or in production in some aspects of high technology application. A valid

goal for the remainder of the 20th ceptury is a modest, limited, balanced industrial



exploitation of the space environment with due consideration for ground alternatives.

Particularly promising space functions appear to be

6.1 Use of extremely high vacuum in large volume for
industrial exploitation

6.2 Use of extremely pure surfaces, stable for long
periods

6.3 Preparation of carefully tailored multi-layer surfaces

6.4 Exploitation of zero-gravity effects in industrial
processes.

7. Use of Space to Remove Hazards from Earth

Chemical and nuclear technology have already advanced to the point where
some processes and some products pose hazards on earth, Biological technology may
soon pose even greater hazards, Space can provide an effective isclation from the earth.

Potentially useful space functions then could be

7.1 Chemical processing, which on earth poses unacceptable
environmental hazards i

7.2 Similar nuclear processing

7.3 Similar biological processing

7.4 Disposal of hazardous waste products ~-- chemical,
biological, and particularly radiocactive waste
from the nuclear power industry

8. Preparation for Space Habitation

As the economic utility of space grows, so will the need for some manned
functions in space -- not so much as scientist, researcher, and explorer as in the 1960's

and 1970's, but as a worker, assembler, service technician, Limited space habitation
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is considered as a reasonable goal for the end of the 20th century. It is too early to have
any informed perspective on the colclnization of space -- space settlements as a home
rather than as a hotel for space worl‘cers. Limited experimentation to provide some facts

for decision on space colonization, however, appears appropriate. Space habitation goals
are then

8.1 Development of space habitation for temporary residence
of support perronnel for orbital assembly and supply

yards

8.2 Development of space habitation for space research
facilities L

8.3 Limited experimentation leading towards long term
space habitation.

6.2 HUMANISTIC AND PUBLIC SERVICE GOALS

1. International cooperation

1 Internatiocnal s pace laboratory

2 International space communications systems
3 International hazard warning system

4 International energy sharing

2. Aid to General Safety

Even more than in the|past, the U, S. citizens will look to their national

and local governments to provide for|their general safety in an increasingly complex and

hazardous world. It will be expected|that expenditures for safety far greater than those
strictly justifiable on economic grounds will be allocated on humanistic grounds,

Space
systems can provide some measure of

government response to this public requirement,
in those cases where the large area i}]_(ormation gathering or dispensing capability of



of space platforms are useful in aiding the general safety. Some of those cases are

Hurricane prediction and warning
Flood condition prediction -~ months
Flood warning, short term - hours
Tsunami location, prediction of size, warning
Trangportation safety
air collisioh avoidance
ship and small beat monitoring
railroad safety
2.6 Earthquake prediction
2,7 Management of disaster aid

MV N
[ - -
o WO IV =

3. Protection of the General Environment

As economic development progresses, some deterioration of the environ-
ment will undoubtedly occur. More and more it has become the responsibility of govern-
ment to regulate this deterioration as a public service. In many cases, space systems
can provide the information for regulatory action more easily than ground based systems.
Some areas for space application are

3.1 Monitoring of industrial atmospheric pollution

3.2 Monitoring of water pollution on a river system scale.
3.3 Monitoring large scale ocean pollution

3.4

Monitoring and preservation of the atmospheri¢
ozone layer
3.5 Diagnosis of large scale climatic changes

4, Aid to Individuals in Peril

As a humanistic goal, the goveraments in the U, 8. will be expected to aid

individuals endangered or in distress. In this particular category only non-criminality

99



100

relatéd perils are considered. Butlas we develop a2 more mobile and more individualistic

society, more and more people will|engage in potentially hazardous activities -~

backpacking, mountain climbing, personal aircraft flying, small boating, hang glidering --

over widespread areas, Space systems can aid in search and rescue operations of world-

wide scope.

They can also obtain and transmit information to aid in avoiding particularly

hazardous circumstances. Significgnt space functions that might be provided are

5.

4
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Emergency personal communications

Search for lost privlate aircraft, boats, people
Direction of rescuejoperations, worldwide
Hazard warning communications

Provisions of perso'nal navigation capability
Navigation aid to small boats and light aircraft

Aids to Crime Control

Unfortunately crime in the U. S, will not disappear with the continued develop-

ment and even with the increased well being of the nation. Particularly distressing are

the crimes of personal violence. Space concepts to prevent such crimes, or to aid

victims are

o gr 1 Ul
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Emergency personzl communications

Police communications systems

Command and control of police operations
Liocal area surveillaince aided by space systems
Monitoring burglar Tarm systems

Night illumination



6. Aids to Internal Security

6.1 Border surveillance to prevent illegal entry

6.2 Limited area gurveillance for physical security

6.3 Control of fissile or radioactive materials to prevent
diversion and blackmail

7. Improved relations of citizens to government

7.1 Improved communications systems
7.2 Instant referendums

6.3 INTELLECTUAL GOALS

Only a sample of these activities is given since intellectual goals are in principle
limitléss., Here we emphasize those questions which are so basic as to interest many

non-technical people, not only the scientific specialists.

1. Aid in determination of origin and early history of the solar system

Planetary exploration and geology
Nature of asteroids
Cometary research

2. Aid in understanding of galactic structure and dynamics

Infrared astronomy using wavelengths from
5-500 ym.
UV astronomy
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3. Aid in understanding cosmpology

X-ray astronomy

Observations of distant ob;ects - all electromagnetic
frequer‘lca.es

Intergalactic material - particles, atoms, and ions,
molecules.

Low noise mezsurement of 3K universal background
bla.ckbody radiation

4, Verification of physical laws in the large

General relatil/ity experiments

Invariance, spatial and temporal of velocity
of light

Homogeneity oF "empty' space
Isotropy of "empty" space in the large

5. Precision measurements to verify physical laws in the small

Precise value of gravitational constant
Equivalence of inertial and gravitational mass
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SECTION 4

RELATION OF INITIATIVES TO GOALS
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F-0326

Not unexpectedly, there is a go
which were outlined as requirements in th

selves, and in fact, as is seen in the next

Td correlation between the space functional goals
e first part of the work and the initiatives them-

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 releYa.nt to the problems of society and this country

in this time period.
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F-0326R1

- _RELATION OF INITIATIVES TO DESIRED GOALS

'PUBLIC SERVICE AND
HUMANISTIC GOALS

INITIATIVES

PROMOTION OF INTERNATIONAL | CC-10 Diplomatic/U. N. Hot Lines
PEACE CC-8 National Information Services
CO-1  Advanced Resources/Pollution Observatory
CO-6 U.N. Truce Observation Satellite
CS-8  Multinational Energy Distribution
CO-5 Multinational Air Traffic Control Radar
AID TO GENERAL SAFETY CC-3  Disaster Communications Set
CO-3  Water Level and Fault Movement | ndicator
‘| CO-7  Nuclear Fuel Locator
CC-5 Transportation Services Satellite
CS-10 Vehicular Speed Limit Control
CS-13 Rail Anti-Collision System
CS-9  Energy Monitor
CO-9  Coastal Anti-Collision Passive Radar
PROTECTION OF THE GENERAL CO-1  Advanced Resources/Pollution Observatory
ENVIRONMENT CS-4  Nuclear Waste Disposal
CS-1  Energy Generation - Solar/Microwave
CS-2  High Efficiency Solar Energy Generation
CS-3  Energy Generation - Nuclear/Microwave
CO-4  Ocean Resources and Dynamics System
CS-11 Space Debris Sweeper
C0-13 High Resolution Earth Mapping Radar
CS-12 Ozone Layer Replenishment/Protection
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RELATION OF INITIATIVES TO DESIRED GOALS (Continued)

PUBLIC SERVICE AND

HUMANI STIC GOALS INITIATIVES

4, AIDSTO INDIVIDUALS AND CS-7  Personal Navigation Wrist Set
CRIME CONTROL CS-16 Near-Term Navigation Concept
CC-9  Personal Communications Wrist Radio
CC-1  Global Search + Rescue Locator
CS-6  Night Illuminator :
CC-2  Urban/Police Wrist Radio
CC-3  Disaster Communications Set
CC-14 Burglar Alarm/Intrusion Detection

5. PROMOTION OF INTERNAL C0-8 Border Surveillance
SECURITY CO-7  Nuclear Fuel Locator

6. IMPROVED RELATION OF CC-7  Voting/Polling Wrist Set
CITIZENS TO GOVERNMENT, CC-8 National Information Services
AND ENHANCEMENT OF CC-6° Advanced T.V. Broadcast
SATISFACTION
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RELATION OF INITIATIVES TO DESIRED GOALS

MATERIALISTIC GOALS

INITIATIVES

CO-1

Advanced Resources/Pollution Observatory

AID IN INCREASING
INDUSTRIAL ACTIVITY CO-4  QOcean Resources and Dynamics System
CO-12 Synchronous Meteorological Satellite
CC-3  Disaster Communications Set
CC-8 National Information Services
CC-11 3D Holographic Teleconferencing
CC-12 Vehicle/Package Locator
CS-1  Energy Generation - Solar/Microwave
CS-3  Energy Generation - Nuclear/Microwave
AlD IN AGRICULTURAL, CO-4  Ocean Resources and Dynamics System
FOREST, AND OCEAN CO-13 High Resolution Earth Mapping Radar
RESOURCES MANAGEMENT CO-2  Fire Detection _
CO-12 Synchronous Meteorological Satellite
CO-1  Advanced Resources/Pollution Observatory
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RELATION OF |NITIATIl/ES TO DESIRED GOALS (Continued)

MATERIALI STIC GOALS ‘ INITIATIVES
3. PROVISION OF NEW CS-1 Energy Generation - Solar/Microwave
RESOURCES CS-2  High Efficiency Solar Energy Generation

CS-3  Energy Generation - Nuclear/Microwave
CS-4  Nuclear Waste Disposal

CS-5  Aircraft Laser Beam Powering

CS-8 Multinational Energy Distribution
CS-15 Power Relay Satellite

CS-6  Night [fluminator

4,  AID IN MAINTAINING U. S. CS-8  Multinational Energy Distribution
POSITION OF WORLD CS-1  Energy Generation - Solar/Microwave
ILEADERSHIP CS-2  High Efficiency Solar Energy Generation

CS-3  Energy Generation - Nuclear/Microwave
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RELATION OF INITIATIVES TO DESIRED GOALS

SCIENTIFIC AND INTELLECTUAL GOALS

INITFATIVES

1.  AID IN DETERMINATION OF
ORIGIN AND NATURE OF SOLAR
SYSTEM, GALAXY, AND
UNIVERSE

CO-10
Co-14

Astronomical Super Telescope
Interplanetary T. V. Link

2. AID IN UNDERSTANDING
TERRESTRIAL PROCESSES

Co-4
C0-13
CO-11
CO-3
CO-1
CO-12

Ocean Resources and Dynamics System
High Resolution Earth Mapping Radar
Atmospheric Temperature Profile Sounder
Water Level and Fault Movement Indicator
Advanced Resources/Pollution Observatory
Synchronous Meteorological Satellite
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WEIGHT AND COST ESTIMATION

L. INTRODUCTION

The purpose of this appendix

for size, weight, and cost estimation of

II. LAUNCH VEHICLE ELEME}\ITS_

is to present data pertinent to the ground rules used

the initiatives.

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 combina-
tions are listed in Table 5-1, together with their estimated gross payload capabilities. The

payload weights represent deployment ¢

The candidate launch vehicle

considered to be sufficiently comprehen

All launch vehicle elements 3

follows:
Element A

A standard shuttle with charal
shuttle configuration,

Element B

A lLarge Launch Vehicle (LLY
20 times the payload capabilit

nly; the costs represent launch costs only,

element set is by no means exhaustive, but is

sive to serve the objectives of the Study 2.5 activity.

re considered to be reusable and are identified as

cteristics approximating to the NASA April 1974

7}, not defined in detail, but providing approximately
y of Element A to low-earth orbit,
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Table 5-1. Candidate Launch System Payload Capabilities (lb)

VO Bove >
B o TVNIERD

Low Altitude High Altitude Launch Veh.

Item Launch Vehicle Gombination Code Low High Cost/Flight
Inclination | Inclination | Elliptical Geosynch. | Translunar | $x 10
1 Shuttie A 60, 000 30,000 - - - 12,0
2 Shutile + Tug A+C - - 15, 000 7,000 6, 000 13,6
3 Shuttle + Tandem Tug 2A +2C - - 37,000 18, 000 15, 060 26,0
4 Shuttle + Large Tug A+D - - 24, 000 11,000 10, 000 14,0
5 Shuttle 4+ Large Tandern 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 + NuéJ:ear A+G - - 42,000 20, 500 17, 00O 15.0
8 Shuttle + Tug + SEPS A+CH+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 LLV B 1,200,000 | 600,000 - - - 15.0
11 LLV + Large Tug . B+D - - 300, 000 140, 000 120, 000 17.0
12 LLV + Large SEPS B+F - - 420, 000 200, 600 170, 000 16. 0
13 LLYV + 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

CCDE: A = Shuttle

= LLV (Large Launch Vehicle)

= Tup

= Large Tug

= BEPS (Solar Electric Propulsion Stage)
= Large SEPS

= Nuclear Stage

o8 HDOW
1

»
Does not include amortization of RDT&E costs
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Element C

A standard tug upper stage ha

ing performance capability approximately equivalent

to the Interim Cryogenic Space Tug described in NASA Baseline Space Tug Docu-

ment (see Reference 1).

IElement D

The Interim Upper Stage can be considered roughly
equivalent to this element if operated in tandem.

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

in payload capability to geosyn
combined with the standard shi

Element E

chronous orbit over the A + C combination, when
nttle.

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 d

eta11 but when combined with the LLV, providing

20 times the payload capability to geosynchronous orbit ag the A + E combination,

Element G

A nuclear upper stage which utilizes an advanced nuclear orbital propulsion system

having an Is, comparable to th

e solar electric propulsion stage, but a thrust level

comparable 2%o present-day chemical rockets,

In order to permit investigatio
it is assumed:

h of the potential utility of SEPS from low-earth orbit,

a. By the time period interest, solar cells will be developed which are

highly resistant to radiation degradation.

b. Yoong transfer times
most of the initiative

{280-350 days) to final orbit are acceptable for
S. .



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 orbital configuration is large.

d. The SEPS and the nuclear stage are available on orbit for extended periods
of time and do not require refurbishment after every use. The coséts listed
in Table 5-1 reflect this assumption.

I1I. MISSION EQUIPMENT ADVANCED TECHNOLOGY

During the course of the study, a m:;mber of new mission equipment con;:epts were
identified which would require technological advances to develop and deploy. In'additioh 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 struc#ural assemblies in space. These structural assemblies

may or may not need to be rigid structures.

The hierarchial structure is illustrated in Figure 5-1, together with the code numbers
of typical 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 pro-
vides a large aperture rather than a small spot size and therefore a surface quality
considerably below the diffraction 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 househeeping 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
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Large, Lightweight Space
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Structures

Apr——

Optical

hamqmn——

Solar Cel

1 Array

Microwave =

[ Low quality, low temperature,
plane, optical reflector
(Type 1)

Low quality, low temperature,
parabolic, optical reflector

(Type 2)

High quality, low temperature,
plane, optical reflector

(Type 3)

High quality, high temperature
optical reflector

(Type 4)

Passive microwave reflector
(Type 5)

_Passive microwave antenna

(Type 6)

Active microwave antenna
(Type 7)

Bootlace lens multibeam antenna
(Type 8)

Dielectric lens multibeam antenna

| (Type 9)

Figure 5-1. Large, Lightweight Space Structure Applications
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Ico-14

Cs-5

CO-5
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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 subsystems, 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, probably 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 nec-
essary housekeeping subsystems are attached to the mirror., The mirror may or
may not be gimbaled,

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 gimbaled.

Type 5

Type 5 is a simple microwave reflector constructed of a very lightweight open
metalized graphite epoxy 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, .The structure may be monolithic or consist
of independently stationkept subarrays. A housekeeplng subsystem package is
required.

Type 6

Type 6 is a microwave antenna, constructed in a similar way to Type 5, but contains
receiving components and is electronically more complex to allow beam formation
and is therefore heavier and more costly.
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1i8

Type 7

Type 7 is an active microwaye antenna which radiates microwave energy generated
in orbit. The antenna is electronically controlled for beam formation and steering.
The structure may be monolithic or consist of independently stationkept subarrays.

Type 8

Type 8 is a near~term technology multibeam antenna which utilizes the bootlace

lens concept. Conceptually,
Aircraft Company (See Refer

Type 9

Type 2 is a far-term technol
and incorporating a dielectri

TYPE 1 CONCEPTUAL DESI

A, Design

Detailed design is o

it is similar to a configuration studied by the Hughes
ence 4),

ogy multibeam antenna using very lightweight structures
c or wave delay lens.

GN

utside 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 5-2,

Figure 5-2 illustrates a triangular planform shape of reflector which is

based on previous study acti

for supporting the three side

ities described in Reference 5., The method used

of the reflector in tension uses a catenary support .

concept. Support is provided at each of the three corners of the reflector by booms

that deploy from the central

spacecraft structure. The primary difference between

Figure 5-2 and the configuration shown in Reference 5 is that the concept presented
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Figure 5-2, Type 1 Optical Reflector
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makes use of a complete triaTgular film reflector in contrast to a three segment

reflector.

The single reflector eliminates the necessity for supporting the radial

edge members of the respective segments.

The reflector is assumed to be fabricated from 0, 00025 in. kapton polyimide

film in contrast to the present state-of-the-art polyimide film thickness of 0.0005 in.

The edges of the triangular shaped film.are connected to the edge cable (catenary

support) by means of a myraid of separate cables which forms essentially a continu-

ous attachment that eliminate
the film.
be stressed at 10 psi.

undesirable side forces which would tend to wrinkle

Based on information contained in Reference 5, the kapton is assumed to

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 surf

_ mum stress (Reference 5) rectuired to remove wrinkles in the material,

loads that were derived, usin

to have a 100-ft sag, were co

A thermal excursion

contraction dimensional. changes in the kapton film.

of 2.0 x 10”7 in. /in. /°C, the
to vary £ 3 ft,

member for adjusting the boo

with maintaining a taut reflector surface.

length = 4 ft), and internal pr

nce, 'The 10 psi stress level is defined as the mini-

The corner
the 10 psi stress level and assuming the catenary

mputed to be 260 1b at each corner,

of = 425°F was as sumed to derive the expansion/
Based on a thermal expansion

length of each corner of the reflector was estimated

Detail C shown in Figure 5«2, shows a pressure cylinder and sliding

m length to accommodate the £ 3-ft deflection associated
The cylinder dimensions, (diameter = 3 ft,

=ssure, (10 psi), were selected to minimize the force

variation that would occur at the end of the sliding member due to the expansion/




contraction of the kapton. The maximum and minimum end loads computed for the
fully extended and retracted positions were 234 and 286 lb respectively, based on
the assumption that the temperature of the pressurant would remain constant, It
was further assumed that the pressurant can be maintained at a constant tempera-
ture 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 leakages 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 lb 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 5-2, 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
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the enclosure during deployment,

The three booms, equally spaced about the

canister, are hinge-supported from the equipment enclosure. An a&apter structure

attached to the equipment enc
characteristics and identifies

due to the launch environmen;

B. Weights

Two weight statemer
Tables 52 and 5-3, Table 3

losure is also defined teo indicate typical interface
a method that may be used to react loads introduced
tl

its for the concept described above are given in

-l assumes conventional attitude control tliruster clusters

located at the apexes of the triangular structure. However, although insufficient

resources were available to aonduct a dynamic analysis, it is suspectéd 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
SATELLITE LIFETIME

Satellite lifetime parameters

in Table 5-3.

that are of interest are as follows:

2. system useful life

b. satellite design life

Ca satellite MTBFE

d. Satellite MMD

e. Satellite resupply or service period {for satellites which are
resupplied on orbit)

f. satellite module lifetimne parameters {(for satellites which are

modularized fo
on orbit).

r replacerment of failed subsystem components




Table 5-2. Type 1 Conceptual Design Table 5-3, Type 1 Conceptual Design

ALTTVOD 9004 J0
SI EDVd "TVNIDIFO

Weight Statement - Chemical Thrusters Weight Statement - Distributed Ion Thrusters
3T/ E: 1680 ft side SIZE: 1680 ft side
1A PE:; Triangle HAPE: Triangle
AREA: 1,000, 000 ft2 ATEA: 1,000, 000 £t
R FERENCE: Thin kapton film; chernical thrusters REFERENCE: Thin kapton film; distributed ion thrusters
at triangle apexes '
= i i ,
Cost* ' Costw
Weight Weight Ratio | . Weight Weight | Ratio
{lb) (1b} | \ (k) k)
STRUCTURE 7602 8142 0.604 I ' STRUCTURE 6371 7327 0,136
ELECT, POWER 242 278 0.019 | ELECT, POWER 33, 086 38, 048 0.709
TT#C 150 173 0.012 | i TT&C : 150 173 0.003
AUID, & NAY, 1222 g " GuID, & NAV. 3t0
1455 0,101 N 1277 0. 024 i
ACS INERTS 44 | . ACS INERTS oo
ACS PRODELL, 445 512 0,035 ATS PROPELL, 3084 3546 0.066
i
MISSION EQUIP, 2888 3320 0,229 VISSTON EQUIP, 2888 3321 0.062 i
I'E SUPFORT - - - ' e R SUPPORT - - - !
CONTINGENCY 1888 - - | CONTINGENGY 7003 - - :
H .
TOTAL WT, 14, 481 14,481 1. 000 "OTAL WT, 53,692 53,692 1. 000
UNET WT. = 0,001185 Ib/£t° . UNIT WT. = 0.04393 1b/£t?
. | |
13 -
Distributed contingency Digiributed contingency
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Associated with each of the abs

achieved., Of secondary importance are

>ve characteristics is a probability that it will be

the probabilities associated with assembling, on orbit,

a satellite which is composed of separately launched subassemblies and with achieving an

operational state.

Lifetime parameters for futur
in any case, a detailed reliability investi
this reason, the following judgmental fac

the initiatives of interest.

Digcussions with industry pers
communication satellites is possible in t

close to the system useful life,

I

systems are notoriously difficult to estimate and,
g For

tors were used to assign lifetime characteristics to

ation is inappropriate for the Study 2.5 effort.

onnel have established that a 10-year design life for

he near-texrm. For DoD satellites, 10 years is very

Optical component degradation on some observation satellites

tend to limit their lifetime to about five years, and to consider deploying a 10-year observa-

tion satellite would involve provisions ha

critical components, and so on.

Space servicing studies have i
reasonable compromise, considering lau
satellite serviceable in space, and the u

understanding of the general concept of s

" For the purpose of the Study 2

ving to be made for cleaning lenses, replacing

hdicated that three-year servicing intervals are a

nch costs, increased costs required to make a

ncertainties associated with the current lével of

rpace servicing,

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)

Exceptions to the above rule a

124

and a three-year service period.

re as follows:




a. Observation satellites utilizing large apertures or extremely
complex electronics which need adjustment by man. These are
serviced at one-year intervals.

b. Manned systems, which are serv1ced at one-year 1ntervals
c. Highly survivable systems, which are not serviced.
d. Very large, high cost space-assembled satellites, which

are considered to be capable of being updated by on-orbit
block changes and therefore have virtually unlimited life.

VI. WEIGHT ESTIMATION

In order to estimate the weights of the approximately 100 initiatives of interest
with the lindited 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 technology and
utilize non-traditional mission equipment advanced 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 extrapoldted to determine the weights of other satellifes
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 5-4 which identifies the contractor
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Table 5-4,

Large Space Structure 'I‘ypés

Type

Number Description Contractor Reference
1 Optical Reflector - Thin [Film Mirror Reference 5.
2 Optical Reflector - Double Thin Film Mirror 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 Pagsive Microwave Antenna Reference 8
T Active Microwave Antenna Reference 9
8 Bootlace Lens Multibeam| Antenna Reference 4
9 Dielectric Lens Multibeamn Antenna Reference 4
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references used to construct typical weight statements for the nine generic types. These

weight statements are given in Tables 5-5 through 5-13,

A certain amount of interpolation between present-day technology and year 2000
technology was necessary. The way in which this was accomplished to aid in deriving power
system weights is illustrated in Figure 5-3. Figure 5«4 through 5-9 illustrate the relationship

between size and weight for the different types of mission equipment, -
VIL INITIATIVE MISSION EQUIPMENT

An examination of each initiative was made to determine what kind of mission
equipment would satisfy its primary mission requirements. Basic descriptions for each

satellite were determined.
VIII, INITIATIVE WEIGHTS AND COSTS

Weights for the whole spectrum of initiatives were developed using the weight

models described in Section VI.

In accordance with the scope and depth appropriate to this study, the data irom
Table 5-1 was utilized to come to a judgmental decision on launch vehicle combinations
appropriate to each concept. 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 shuttle flights identified for a single initiative was 120, 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 initiative was 500,
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Table 5-5. Type 1 (Optical Reflectox
Thin Film Mirror) Typical Weight Statement

-

SILE: 400 £t side
SLIAPE; Triangle
o) AREA: 69, 200 £t2
= REFERENGE:  Thin Kapton Film
o2 .
4= -
8 B . Cost .
V{lel::}ght W&:l;%ht Ratio
8r = .
E o STRUCTURE 693 796 d. 680
P ELECT. POWER .20 23 0. 020
:3 £ TT&C 10 12 0.010
GUID, & NAV, 90
} 115 0. 098
ACS INERTS i0Q
ACS PROPELL, 40 46 0, 039
MISSION EQUIP, (FILM) 156 179 d. 153
LIFE SUPPORT - — d...
CONTINGENCY 152 - i
TOTAL WT. 1171 1171 1L 000
UNIT WT. = 0.016922 Ib/g”

“Distributed contingency
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Table 5-6, Type 2 (Optical Reflector - Double

Thin Film Mirror) Typical Weight Statement

SIZE: 400 ft side
SHAPE: Triangle
AREA: 69,200 £t

REFERENGCE: Thin Kapton Film

UNIT WT. = 0.01965 Ib/gt%

Cost*
Weight Weaght Raftio
_{(1b) (1b)

STRUCTURE 667 767 0. 564
ELECT. POWER 33 ‘38 0,028
TT&C 10 12 0. 008

GUID. & NAV, Y104
133 0.098

ACS INERTS 12
ACS PROPELL. 46 53 0,039
MISSION EQUIP, {FILM) 311 358 0,263
LIFE SUFPORT -—— amen | eem——
CONTINGENCY 117 U
TOTAL WT. 1360 1360 1.000

*Distributed contingency




Table 5-7, Type 3 (Optical Reflector -

Cool Graphite Epoxy Mirror)
Typical Weight Statement

SIZE: 16,4 ft dia
SHAPE: Circular
AREA: 21t.2 £t

REFERENGE: Codl Mirrors = 10 Ib/ft”

Table 5-8. Type 4 (Optical Reflector -

Hot Graphite Epoxy Mirror)
Typical Weight Statement

SIZE: 16,4 £t did
SHAPE: Circular
AREA: 211.2 ft°

REFERENCE: Hot Marrors = 30 1b/ft*

CosL‘"'=
Weight Weaght Ratie
(1b) {lb)

STRUCTURE 558 642 0,115
ELECT. POWER 60 69 0,012
TT&C 80 57 0. 009
GUID, & NAV, 300

1665 0, 297
ACS INERTS 1148
ACS PROPELIL. 650 747 0,133
MISSION EQUIP, (MIRROR) 2112 2429 0.434
LI SUPPORT ——— cmen ] mmmmw
CONTINGENCY 731 P N
TOTAL WT, 5609 5609 1. 000
UNIT WT. = 26,54 Ib /ft%

¥Distributed contingency

Costm
Weight Weight Ratio
(1b) {Ib)
STRUCTURE 1836 2111 0.177
ELECT. BOWER 50 69 0. 006
TTYE ¢ 50 58 0.008
GUID. & NAV. 300
1665 0.139
ACS INERTS 1148
ACS PROPELL. (2 YRS) 650 748 0.063
MISSION EQUIP, (MIRROR) 6336 7286 0,610
LIFE SUPPORT ———- I
CONTINGENCY 1557 S S
TOTAL WT. " 11,937 11,937 | 1.000
UNIT WT. = 56,573 Ib/gtZ

“Distributed contingency
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Table 5-9 Type 5 (Passive Microwave

Reflector) Typical Weight Statement

UNIT WT, = 0;01041 Ib/it?

SIZE: 4500 x 4500 ft (62 modules)
SHAPE: . Square
AREA: 20, 250, 000 £t°
REFERENCE:
Cost*
Weight Weight Ratio

H (b} (k)

z 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.p28
MISSION EQUIP.(REFLECTOR)| 39,488 45,412 0.216
LIFESUPPORT = | emmccce | amcmnea P T
CONTINGENCY 27,496 | mmmmo-e- b
TOTAL WT. 210,804 | 210, 804 1.000

] L s
Distributed contingency
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Table 5-10,

Type 6 {Passive Microwave

Antenna) Typical Weight Statement

51X 8 88,6 x 16,4051t
SHAPE: Rectangle

AREA: 1,453,500 £?
REFERENCE: Ion Propulsion

UNIT WT. = 0,018437 Ib/ft°

Cm.l.x
Weight Weipght Ralio
{1b) (i)

STRUCTURE 9907 11, 393 0,427
ELECT, POWER 700 805 0.030
TI&C 100 115 ] swe--

GUID, & NAV, 400
1840 0.069

{ ACS INERTS 1200
ACS PROPELL, 3668 4218 D.158
MISSION EQUIP. (ANTENNA} 7329 8428 0.316
LIFE SUPPORT [ [ [
CONTINGENCY 3495 | ereeeme ] aew-a
TOTAL WT, 26,799 26,799 1.00Q

*Distributed contingency




Table 5~11. Type 7 (Active Microwave " Table 5~12. Type 8 (Bootlace Lens.

Antenna) Typical Weight Statement Multibeam Antenna) Typical Weight Statement

SIZ E: 3,261 & dia SI%E: 131,23 £t dia

SLAPE; Circular SiLA PE: Circulax

AREA;: 8,450,500 ft2 AREA: 13,537 g%

REFERENCE: Ion Propulsion REFERENCE: Bootlace Lens |

. -t wx ! 1
' Cusi l f Cost :
! Weight Weight Ratio Weight Weight | Ratio
! {ib) {10} ] (b} {lo)
1 I i
\ STRUCTURE 593,477 682,499 0.116 i , SYRUCTURE 623 717 0.018
! ELECT. POWER 574,069 660,179 0.112 | ' BELECT. FOWER 150 173 0,004
e 100 15 | owaeee , L orree 220 253 0. 006
| GUID. & NAV. 6,500 ' GUID. & NAYV, 525
| 352, 475 0, 060 [ 932 0,023
i ACS INERTS 300, 000 I | ACS INERTS 285
! ACS PROPELL, 21, 320 24,518 0. 004 3 ALS PROPELL, 1245 1432 0,036
| MISSION EQUIP, (ANTENNA) [3, 630,000 &, 174,500 0.708 I MISSION EQUIP. (LENS) 31,947 36,737 0.913
j ~IFE SUPPORT | wmmemme | oscmmmaa | caeee i LiFEBUPPORT @ | cccmme | mmnawe | oean
, CONTINGENCY 768,820 | w-mm-nn | cmaa- ; ' CONTINGENGCY 5249 LT T -
i Z !
i A
f

! |

TOTAL WT. G, 894, 286 15, 894, 286 1.000 | | ToraL wr. 40, 244 40, 244 1.000

UNIT WT. = 0.697508 1b /ft? ! | UNT WT. = 2.9729 Ib/&?

t i
“Pistributed contingency *Distributed contingency
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Table 5-:13. Type 9 (Dielectric Lens
Multibeam Antenna)
Typical Weight Statement
SiZE: 131, 23 ft dia
SHAPE: Gircular
AREA: 13,537 2
REFERENCE: Dielectric Lens
Cost*
Weight Weight Ratio
(1b) {1k}
STRUCTURI 1041 1197 0. 200
ELECT. POWER 150 I 0.929
TT&LC 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 c—m- U -
CONTINGENGY 780 ———— ————
TOTAL WT, 5981 5981 1.000
UNIT WT. = 0441826 1b/°

¥Distributed continfency
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Weight (1b)

107 ~

10" —

107 ~

107 ~

107 —

GROUND RULES:

1. Solar arrays fully-oriented

2. Below 1 kW use current technology .
3. Above 10 MW use Reference 3 technology 10, 000 MW Station
4, Use curve between 1 kW and 10 MW [Reference 3)

SKYLAB {Less all fairings)
Current Technology

SKYLAB (Deployed in space}
Reference 3 Technology

@
\- SKYLARB (Constructed in space)
Reference 3 Technolopy

[] - 1 [{
10%. 10° 106 107

Power (Watts)

] T
108 107 1010

Figure 5-3., Electrical Power System Weight vs. Power Level
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TR
Equivalent Diameter (ft)

Figuré 5-4, Thin Film Reflector W)
vs. Equivalent Diameter

eight

10

Weaght {Ib)

1 13 i
Egquivalent Diameter (ft)

Figure 5-5, Optical Mirror Weight
vs. Equivalent Diameter



Wesghe {1b)

107,

10° 10° . | 10
Equivalent Diamecter {ft)

Figure 5-6, Passive Microwave Antenna/
Reflector Weight vs. Equivalent Diameter

Weight {lb)

10? 10° ot
Equivalent Diameter (£t)

Figure 5-7,+ Active Microwave Antenna
" Weight vs. Equivalent Diameter
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Figure 5-8, Multibeayn Anténna We:
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Figure 5-9. Large Space Structures Weight
vs. Equivalent Diameter



Recurring costs of the concepts were estimated utilizing cost estimating
relationships varying from $200/1b for type 1 systems to $20,000/1b for type 9, the
exact cost used for any concept being dependent on the IOC year, the magnitude of that
effort, and the kind of system concept, R&D costs were estimated at 1-4 times the
recurring satellite costs. Transportation costs were calculated from the type and
number of flights discussed above;' Costs for several concepts in which the weight

of the subsystems could be confidently identified were calculated using an existing

computer program.,
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APPENDIX A

CONTAC'TS

Discussions were held by the study team with a number of individuals during the

early portion of the study in order to obtain a cross section of ideas and experience to add

to those of the team members., The following people had significant impact on the perspec-

tive of how to operate in space, on types of initiatives which might be meaningful, on re-

quirements, or on all the foregoing.

NAME ] AFFILIATION NAME | AFFILIATION
Washington Area California Area
Bob Cooper ODDRE Gerry Sears Rand
Dan Brockway i Russ Sharpe "
Howazrd Barfield " Joe Mate "
Jim Wade " Ted Parker "
Joel Bengston IDA Ernie Martinelli RDA
Rex Finke " Dr. Bhatachari "

Charlie Lerch
Frank Edelman

Jasper Welch

Sys. Plan. Corp.
8]

OSsD

Boston

Area

Gerry Dineen
Dan Dustin

John McCarthy

Lincoln Labs

1

MIT

New York/Phil

adelphia Area’

Herman Cahn
Don Brennan,

Dick Garwin

Hudson Inst.
1

IBM

Freeman Dyson
Mal Ruderman
Steve Weinberg
Ken Watson

Ben Alexander
John Ise
Dick Holbrook

Jame s Baker

Milt Birnbaum
Tom Hartwick
Tom Taylor

JASON GROUP

It

IND.

1

Aerospace Corporation




