
FOUNDATION REPORT: 
ADVANCES IN COMMERCIAL AND GENERAL SPACE DEVELOPMENTS 

SPACE INDUSTRIALIZATION STUDY 
RESULTS RELEASED 

Rockwell, Science Applications, Offer Space Use 
Strategy to NASA 

Two eighteen-month studies on space 
industrialization have been completed for 
NASA by Rockwell International and 
Science Applications, Inc. Addressing both 
the "why" and "how" questions, these 
studies highlight world requirements and 
options concerning space for the next sev­
eral decades. 

Both studies believe that there is a major 
role for NASA in space industrialization. as 
well as for other governmental and interna­
tional agencies. While industrial participa-
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tion seems to be encouraged, and extensive 
use is made of cost/benefit analysis, it does 
not seem that the powerful role which can be 
played in space by private firms has been 
fully realized. 

However, even with this shortcoming, the 
studies are very useful adjuncts to the al­
ready extensive literature on space indus­
trialization potentials. They can be used to 
help convince investors that there is possi­
bility for realistic returns from space 
industry. 

This month in the Report we are profiling 
the Rockwell study, with the Science Ap­
plications investigation left for next month. 

According to Charles L. Gould. Project 
Manager for the Rockwell Space Division 
study, the study " ... highlights important 
future world needs and. trends in which 
space can potentially play a part. and iden­
tifies the specific recommendations for the 
evolutionary industrialization of space." 
The problem, as he sees it is " ... as we look 
toward the turn of the century, many people 
see an increasingly bleak future ... " while 
the Rockwell team asked itself: "Does space 
offer at least a partial solution, and if so, 
what is it?" 

Krafft Ehricke, former chief scientist at 

(Below) This Rockwell illustration shows an 
"add-on" power supply and space manufac­
turing module attached to the Space Shuttle 
Orbiter. This manufacturing module could be 
used in demonstrations of beam-building for 
large space structures or for materials pro­
cessing in space activity. 
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the Space Division, believes space offers the 
major solution in the long run , wltile Gould 
feels that space is exceeded only by food 
and energy in long-range importance to man­
kind. 

Table I. Attractive Opportunities in the Services Area 

As a practical matte r , however, long 
range solutions to overall world problems 
do not have easy access to the marketplace 
or a large constituency. The Rockwell study 
was funded by the taxpayer , Gould points 
out, who has a primary interest in the here 
and now. The taxpayer is interested in 
jobs-his-and his standard of living. Those 
people which satisfy those interests, like 
government officials, tend to get elected. 
Thus there seems to be a powerful negative 
force against long-range planning. 

However, viability in the marketplace 
generally depends on long range planning, 
along with access to low-cost energy and 
high productivity . The marketplace is of vital 
importance in our consideration of space 

Table 2. Attractive Opportunities 
in the Products Area 

Organic 
• lsozymes 
• Genetic engineering of hybrid plants 
• Urokinase 
• Insulin 
• New antibiotics via rapid mutation 

Inorganic 
• Large crystals 
• Super-large-scale integrated circuits 
• Transparent oxide materials 
• Surface acoustic wave devices 
• New glasses (including fiber optics) 
e Tungsten X-ray target material 
• Hollow ball bearings 
• High-temperature turbine blades 
• Separation of radioisotopes 
• High strength permanent magnets 
• Magnetic bubble memory crystal fi lm 
• Thin film electronic devices 
• Filaments for high-intensity lamps 
• Aluminum-lead lubricated alloys 
• Contil)uous ribbon crystal growth 

• Cutting tools 
• Fusion targets 
• Microspheres 

Table 3. Attractive Opportunities 
in the Energy Area 

Lunetta 
• Night illumination for urban areas 
• Night illumination tor argiculture 

and industrial operations 
• Night illumination for disaster 

relief operations 

Sol etta 
• Night frost damage protection 
• Local climate manipulation 
• Reflected light for ground 

electricity conversion 
• Ocean cell warning for climate control 
• Controlled snow-pack melting 
• Stimulation of photosynthesis process 

Other 
• Satellite power system (solar) 
• Fusion in space 
• Nuclear waste disposal 

Communications j 

Information Relay 
• Direct TV broadcast 
• Electronic mail 
• Education broadcast 
• Rural TV 
• Meteorological information dissemination 
• Interagency data exchange 
• Electronic cottage industries 
• World medical advice center 
• Centralized "distributed" printing systems 
• Environmental information distribution 
• Time and frequency distribution 

Personal Communications 
• National information services 
• Personal communications wrist radio 
• Voting /poll ing wrist set 
• Diplomatic U.N. hot lines 
• 3-0 holographic teleconferencing 
• Mobile communications rel ay 
• Amateur radio relay 
• "Telegraphing" per$::»nal communications systems 
• Worldwide electronic ping pong tournaments 
• Centra l computer service tfor transmitting 

hand-held calculators) 
• Urban/police wrist radio 

Disaster Warning 
• Disaster warning relay 
• Pre-disaster data base (earthquake) 
• Ear1hquake fault measurements 
• Disaster communication set 

Land Data I 
Agricultural Measurements 

• Soil type classification 
• Crop measurement 
• Crop damage assessment 
• Global wheat survey 
• Crop identification/survey 
• Agricultural land use patterns 
• Crop harvest monitor 
• Range land evaluation 
• Crop stress detection 
• Soil erosion measurement 
• Agricultural acreage survey 
• Soil moisture measurement 
• Soil temperature monitor 

Forest Management 
• Timber site monitoring 
• Logging residue inventory 
• Forest stress detection 
• Forest fire detection 
• Rural/forest environment hazards 
• lightning contact prediction/detection 

Hydrological Information System 
• Snow moisture data collector 
• Wet lands monitor 
• Tidal patterns/flushing 
• Water management surveillance 
• Irrigation flow return 
• Run-off forecasting 
• Inland water/ice cover 
• Subsurface water monitor 
• Water resource mapping 
• Soil moisture data collector 
• Irrigation acreage measurement 
• Aquatic vegetation monitoring 

Weather Data I 
• Atmospheric temperature profile sounder 
• Rain mon itor 

Ocean Data j 
• Ocean resources and dynamics system 
• Marine environment monitor 
• Oil spill 
• Shoreline ocean current monitor 
• Algae bloom measurement 
• Saline intrusion 
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Navigation, Tracking, and Control j 

Navigation 
• Publ ic navigation system 
• Global position determination 
• Coastal navigation control 
• Global search and rnc:ue locator 

Tracking and Location 
• Implanted sensor data collection 
• Wild animalfwaterfowl surveillance 
• Marine animal migrations 
• Vehicular speed limit control 
• Rail anti-coll ision system 
• Nuclear fu el locator 
• Vehicle/package locator 

Traffic Control 
• Multinational air traffic control radar 
• Surface ship tracking 

Border Surveillance 
• U.N. truce observation satellite 
• Border surveillance 
• Coastal anti·coll is ion passive radar 

• Underwater vegetation survey 
• Lake/river suspended solids 
• Sediment measurements (rivers) 
• Flooded area monitoring 

Land Management 
• Land capability inventory 
• Land use mapping 
• Wild land classification 
• Range vegetation mapping 
• Rangeland utilization/population 
• Flood damage assessment 
• Beach erosion 

Pollution Data 
• Advanced resources/pollution 

observatory • 
• Salt accumulations (irrigation) 
• Agricultural pollutant monitoring 
• Lake eutrophication monitor 
• Great Lakes thermal mapping 
• Effluent discP!arge patterns 
• Toxic spill detector 
• Air quality profilometer 
• Air pollutant chemistry (Freon) 
• Pollution detection and distribution 
• Mosquito control (wetlands flooding) 

Resource Measurements 
• Oil /mineral location 
• Drilling/mining operations monitor 

Geograph ic Mapping 
• Urban/suburban density 
• Recreation site planning 
• High-resolution earth mapping radar 
• Wildland vegetation mapping 
• Offshore structure mapping 

Global Environment J 
• Glacier movement 
• Ozone layer replenishment/protection 
• Highway/roadway environment impact 
• Radiation budget observations 
• Atmospheric composition 
• Energy monitor, solar terrestrial 

observatory 
• Tectonic plate observation 
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(Above) Multiyear space industrialization program option sum­
mary. The plan calls for full utilization of the Space Shuttle 
during the 1980's, and the development of advanced space 
transportation systems to provide /ow-cost service to earth 
orbit and beyond in the 1990's. (Below) An example of a large 
space structure is the microwave radiometer. Weighing 
500,000 pounds and measuring 260 meters by 200 meters, 
it would be used to measure short wave radiation reflected 
from the earth's surface. Among the measurements possible 
would be earth temperature to 1 degree accuracy, the amount 
of soil and atmospheric moisture, snow depth and sea ice 
thickness, sea surface temperature and salinity; wind speed, 
and hurricane / flood behavior. Rapid analysis of data would 
put valuable information in user hands quickly. 
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industrialization and its ramifications. The 
marketplace first serves as a source of re­
quirements and investment capital. and 
later, of course, is the place where a product 
is sold. The world marketplace was of funda­
mental importance to the Rockwell investi­
gators. along with the balance of payments 
between nations. 

The export of high technology services 
and products which space can provide can 
help the United States relieve future balance 
of payment deficits, while at the same time 
expanding the world marketplace. The study 
notes that world poverty deprives us of a 
market of two billion people (at least three 
billion by the end of the century]. This means 
that United States investments in space 
should be aimed at providing economic 
growth and increased purchasing power to 
as many developing countries as possible. 

With these thoughts in mind. the Rockwell 
study began with two parallel paths. First, 
one path looked into the future for trends 
and needs of the world marketplace. and the 
second searched for space opportunities 
that technological forecasting could foresee. 
Ultimately, this resulted in six major pro­
gram options. driven by use of the Space 
Shuttle, technology, and program cost. 

The program options range from crisis 
reaction to a "play-it-safe" approach. All 
the programs include space industrialization 
activities like services, products, energy. 
human activities and lunar industry. 
Overall Conclusions and 
Recommendations 

While the study points out that forecasting 
as far ahead as the year 2010 is always sus­
pect, Rockwell investigators believe some 
trends are fundamental. One of these is the 
predictability of some degree of population 
growth and where the people will be located. 
Barring major catastrophies, the vast major­
ity of the people of the world will be in de­
veloping countries. The relationship between 
the industrialized countries and developing 
countries is of paramount importance, be­
cause of the vast numbers of people and 

CIRCA 
1950 

e INDIVIDUAL HARD WIRED 
TO LOCAL EXCHANGE 

e EXTENSIVE INTER-EXCHANGE 
SWITCHING 

e HEAVY DEPENDENCY ON 
LONG DISTANCE !,AND 
LINES 

e TIME SHARING OF INDIVIDUAL 
CIRCUITS AT A MINIMUM 

e HEAVYINVESTMENTIN 
GROUND FACILITIES 

their major raw material resources. The energy in space. The largest benefit paten­

evolution of this relationship is one of the tial is long-range (1990's). There is a strong 
major determinants shaping national as . competing terrestrial potential in the form of 
well as global futures. The industrial utilize- "clean" breeder reactors and fusion reac­
tion of space is important to the nation, and tors which can mature in the same period 
facilitates the advancement of developing of 1995-2010. 
countries. It is both technologically feasible The development of operational tech­
and economically rewarding on a need/mar- niques in orbit for assembly, handling, and 
ket oriented basis. maintenance of large structures (beyond 

The most immediate rewards and the sizes needed for large antennas] should be 
most favorable investment conditions in the undertaken early in the 1980's. 
1980's are in the service area. both for in- Because of its great potential for advan­
formation transmission and acquisition. In cing and economizing space industrialize­
both cases the number of market oppor- tion. plasma research in orbit should be 
tunities is particularly large, while the initiated early with the objective of gen­
capacity to realize them can be met by a erating controlled fusion power in orbit and 
relatively small number of systems due to a on the moon and/or aiding terrestrial fusion 
high degree of commonality made possible research. 
by the Shuttle. The initiation of lunar industrialization 

The Shuttle/Spacelab combination pro- is likely to spring from needs associated 
vides an early first step toward a general- . with large space projects where advantage 
purpose manufacturing R&D facility. The can be taken of the weak lunar gravity field. 
prospects for meaningful production levels The largest potentials in this context are the 
of promising biochemical and directional SPS and Soletta structures. Associated 
solidification products by the mid-1980's with these are significant transportation 
are promising. Their development should be requirements. If oxygen/hydrogen propul­
pursued vigorously, since these products sion is used from ·near-earth space on out, 
are needed. contribute to U.S. pharmaceuti- large amounts or' oxygen must be delivered 
cal and technological leadership (and. from earth. In this case, lunar oxygen can 
hence, enhance U.S. export capability] and be an attractive substitute. 
are profitable to produce. Space industrialization should not be 

The energy area offers three near-term viewed as a competitor to science and ex­
benefits (1984-1990]: (1) products for use ploration; rather, a vigorous space indus­
on earth that help either conservation or the trialization program can be the main impetus 
identification/ exploitation of new deposits; upon which an expanding science program 
(2) generation of solar-electric power for can be carried. 0 
in-space use, especially services and manu-
facturing (25-250 kwe]; and (3) use of re-
flectors for night lighting (Lunetta) of urban 
areas, agricultural and other applications. 

Energy. of course, is the key to many as­
pects of the creation of wealth. Potential 
shortages in many things, including ma­
terials, can be related in the long run to the 
cost of energy. Space has enormous long­
range benefits. These are in three cate­
gories: reflected light, intercepted light 
converted to microwave energy, and nuclear 

(Below) Complexity inversion concept as ap­
plied to personal communications. Use of the 
complexity inversion concept means relative 
freedom of choice in geographical location of 
user; easy access to data, computation capa­
bility and other people; and larger world 
markets. 

• HEAVY TIME SHARING 
OF LONG DISTANCE 
CIRCUITS 

e EXTENSIVE SWITCHING 
AND MULTIPLEXING 

e LOW POWER SIMPLE 
SATELLITES 

e HIGH POWER -
COMPL~XITY 

e INDIVIDUAL HARD WIRED 
TO LOCAL EXCH~NGE 

e EXTENSIVE INTER­
EXCHANGE SWITCHING 

e LIMITED NUMBER OF 
FIXED ACCESS HEAVY 
TRAFFIC TERMINALS 

SPACE SYSTEMS 

CIRCA 
1990 

• INDIVIDUAL-TO-INDIVIDUAL DIRECT 
ACCESS THROUGH SINGLE EXCHANGE 

• LOW POWER-INEXPENSIVE USER 
EQUIPMENT 
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CONCEPTUAL COMMUNICATION 
SERVICES SATELLITE 

As one of the hardware initiatives of the Space In· 
dustrialization Study conducted by the Space Division 
of Rockwell International, a conceptual communica­
tion / information services satellite was proposed. Such 
a multimission platform has had other proponents, 
most notably Edelson and Morgan of COMSAT labora­
tories (Report, October, 1977). Using the principle of 
complexity inversion (see facing page), the platform 
would both provide new services and relieve crowding 
of select, high value orbital positions at geosynchron­
ous locations. 

The platform would provide five new services: 
1) Direct-Broadcast TV. (Five nationwide channels, 
16 hours per day.) In effect, such a system would add 
five new networks of broadcast capability, probably of 
educational and specialized programming. The con­
sumer would need a one-meter rooftop antenna and a 
converter costing about $1 00 to receive the satellite 
transmissions. 
2) Pocket Telephones. (45,000 private channels 
linked to the present phone system.) The user sets 
would be the size and cost of a good pocket calculator 
and would allow direct communications with any per­
son in the continental US who owned a similar set, 
even if the exact location of the receiver was unknown. 

ANTENNA LOCATIONS 

T.V. 

Calls could be made to and from conventional tele­
phones, and would cost 20 cents each. 
3) National Information Services. (This system would 
use the pocket phones hardware.) With the cost of 
nationwide calls reduced to an affordable level, each 
subscriber would have access to national, rather than 
local data, people, calculating power, etc. Many small 
businesses would supply specialized national data 
banks and other imaginative services. 
4) Electronic Teleconferencing. (150 two-way voice, 
video and facsimile channels.) This system YJOUid 
allow for as many as 1 50 color video teleconferences 
between anyone in the country. Multiple teleconfer­
ences from several locations at one time would also be 
possible. Such a service has already been demon­
strated by the Canadian-US CTS communication 
satellite . 

. 5) Electronic Mail. (40 million pages transferred among 
800 sorting centers overnight.) The mail would be sort­
ed by zip code or even internal mail codes of indus­
tries. Large companies would have fiber optic or micro­
wave relays connected to the nearest sorting center. 

The satellite would weigh 60,000 pounds and would 
have to be specially constructed in earth orbit. 0 

POCKET 
TELEPHONES 

AND NATIONAL 
INFORMATION SERVICES 

(SWITCHING CENTER! 
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FIRST PIONEER VENUS LAUNCHED, 
SECOND PROBE TO FOLLOW 
First Dual Planetary Probe Mission to Study Venus' 
"Weather Machine" 

NASA has launched the first of two space­
craft toward Venus this month for a detailed 
scientific study of that cloud-shrouded 
planet. 

Pioneer Venus 1, an orbiter, will reach 
Venus on December 4, 1978, and Pioneer 
atop an Atlas Centaur rocket. All systems 
are operating as planned. 

The second spacecraft, Pioneer Venus 2, 
will be launched toward the planet in three 
months, about August 7. 
Pioneer Venus 1, an orbiter, will reach 
Venus on December 4, 1978, and Pioneer 
Venus 2. a multiprobe spacecraft, will arrive 
five days later after splitting into a bus and 
four atmospheric entry probes, 13 million 
kilometers (8 million miles) and 20 days out 
from the planet. 

The flights may shed new light on some of 
the most puzzling questions in planetary 
science, such as the following: 

• Why do two planets with about the 
same mass, probably formed out of similar 
materials and situated at comparable dis­
tances from the Sun, have atmospheres that 
have evolved so differently? 

• Why is the surface of Venus baked by 
a searing heat, while Earth luxuriates in a 
climate friendly to life? 

The answers to both of these questions 
depend on an understanding of the factors 
that govern the evolution of a planet's atmos­
phere. 

Information gathered by the two instru­
ment-laden Pioneers at Venus may also help 
us learn more about the forces that drive the 
weather on our own planet. 

The flights a re the first ones devoted pri­
marily to a study of the atmosphere and 
weather of another planet on a global scale. 
They will employ the largest number of 
vehicles ever used in such studies, and make 
measurements at the greatest number of 
locations. 

The flights a lso will seek to learn more 
about the characteristics of.Venus's upper 
atmosphere and ionosphere, as well as the 
lower atmosph'ere·. They will study the inter­
actions of these regions with the solar 
wind-the continuous stream of ions and 
electrons flowing outward from the Sun­
and the solar magnetic and electric fields. 

Circling the planet for at least eight 
months, the Pioneer Venus Orbiter will 
make the longest observations yet of Venus. 
It will be the first U.S. spacecraft to orbit 
the planet. 

To reach Venus,•the Orbiter will fly more 
than half way around the Sun on its seven­
month journey, some 300 million miles. tra­
veling outside the Earth's orbit for the first 
three months, and inside it for the last four 
months. This wide-swinging flight path will 
allow a slower approach to the planet. per­
mitting a smaller orbital insertion motor and 
more spacecraft weight. 

At Venus , the Orbiter will follow a highly­
inclined (75-degree). 24-hour orbit plan-

ned so that spacecraft events are timed with 
those on Earth. At periapsis (orbital low 
point), the spacecraft will dip as low as 90 
miles altitude, entering Venus' thin upper 
atmosphere. Its orbital high point or apoap­
sis will be 41,000 miles from the planet. 

The Orbiter will make daily pictures in 
ultra violet light of Venus' clouds for studies 
of their four-day rotation. 

Experimenters will use precise orbit 
measurements to chart Venus' gravity field 
for calculation of planetary shape and den­
sity variations. The 12 Orbiter scientific 
instruments will make a variety of other 
remote-sensing and direct measurements of 
the planet's atmosphere and surrounding 
environment. 

The Orbiter 's primary mission of eight 
months in Venus orbit will cover one com­
plete rotation of Venus on its axis- 243 
Earth days. It circles the Sun in 225 days. 

The Orbiter's companion spacecraft , the 
Mult iprobe, is made up of a transporter 
Bus, a Large Probe and three identical 
smaller probes. 

These spacecraft, including the Bus. will 
enter at points spread over Venus' entire 
Earth-facing hemisphere. about 6,000 miles 
apart. The Bus will obtain data on the com­
position of the upper atmosphere before 
burning up. The other four probes will mea­
sure the atmosphere from top to bottom as 
they fly down to Venus' searing surface. The 
probes are not designed to survive after 
impact. 

Scientists believe that these coordinated 
atmospheric missions combined with similar 

VENUS ATMOSPHERE 

WEAKLY 
IONIZED 

UJ 
a: 

MAIN a:"' .,:r 
I ON IZATION ~!}; 
WEAKLY =>§l IONIZED 
I.AYC:AS 

,_. 
~ "' 
,_. 
r 
Cl w U"'EA r HAZES 

TAOf'Of"AUSE H CLOUDS 

WINO 
SHEA A 

LOW HAl($ 

)·' 
AEROSOLS 

OUST wi 

C LE AR 
s:e. 
oo 

ATMOSPHERE -':> 
SURFACE ,_. 

" 
WINO SPEED mls 

ones to Mars, Jupiter and other planets, will 
lead to a better understanding of atmos­
pheric mechanisms in general. Studies of the 
interactions of temperatures, pressures, 
composition, clouds and atmospheric dyna­
mics different from Earth's should provide 
insights into important mechanisms which 
are often prominent on just one planet. Such 
findings may help us better understand the 
Earth atmosphere and its complex weather 
machine. 

Scientists think Venus may be an unusual­
ly good place to study the mechanics of 
atmospheres because the planet rotates 
slowly and there are no oceans. The atmos­
phere appears to be a relatively "simple" 
weather machine, and the important a tmos­
pheric circulation motions appear to be 
global. Hence. continuous measurements 
from orbit, combined with those of the 
probes from many points in the atmosphere, 
could provide at least a rough picture of 
Venusian weather processes. 

The Orbiter spacecraft, like the Multi·­
probe bus, consists principally of a spin­
stabilized, 8-foot-diameter. flat cylinder 
containing most spacecraft systems. 

Above the cylinder, on a 1Q.ft. mast align­
ed with the spin axis, is the despun, narrow­
beam, parabolic dish antenna. The dish is 
used for high-speed data transmission and 
faces toward the Earth throughout the mis­
sion, while the spacecraft spins beneath it. 

Within the cylinder is a thermally-con­
trolled equipment compartment, which 
houses the 12 Orbiter scientific instruments, 
a million-bit data memory and the communi­
cations and data-handling systems. Other 
Orbiter systems are the Sun and star sen­
sors for spacecraft orientation; thrusters to 
make spin-rate, orientation and course cor­
rections; the solid-fuel orbital insertion 
motor; and the battery and power system. 
The exterior of the cylinder is coated with 
power-generating solar cells. A 15-ft. boom 
extends radially outward to place two 
magnetometer sensors beyond spacecraft 
magnetic fields. 

The Orbiter's launch weight is about 
1,280 pounds with 100 pounds of scientific 
instruments. Weight in orbit after motor 
burn will be 820 pounds. 

The Orbiter's destination, Venus, is the 
second planet from the Sun. and the closest 
one to Ea rth. Because of its highly reflective 
cloud cover. Venus is the brightest object 
in the sky after the Sun and the Moon. Its 
year is 225 Earth days. Its mean distance 
from the Sun is 67.2 million miles. This is 
nearly three-quarters of Earth's distance 
from the Sun. 

When Venus is closest to Earth, directly 
between Earth and Sun, the planet is only 
26 million miles away. While Earth and 
Venus are almost twins in size and mass, 
they are extremely different in other ways. 
Eartb is a water-rich planet on which life 
thrives. Venus is a dry and desolate world, 
apparently without life. Scientists want to 
know how two similar planets can evolve so 
differently and if there is any chance of 
Earth becoming like Venus. 

Available evidence suggests that Venus 
has a dramatically rugged surface, but it is 
less mountainous than Earth and Mars. Its 
surface temperature is hotter than the melt­
ing points of lead and zinc, about 900 de­
grees F., and the atmospheric pressure is 
about 100 times that of Earth . Surface fea­
tures on Venus can never be seen because of 
its permanent cloud cover. The atmosphere 
of Venus appears to be predominately car-
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bon dioxide-about 97 percent . Only minute 
amounts of water vapor have been detected 
in it. . 

Venus has no significant magnetic field. 
So the planet's upper atmosphere interacts 
directly with the solar wind. Venus is one of 
the three planets in our solar system which 
has no moons, the others being Mercury 
and Pluto. 

The mass, diameter and mean density of 
Earth and Venus are almost identical. 
Venus' high overall density suggests a dense 
core something like Earth's nickel-iron core. 

Venus receives almost twice as much 
solar radiation as Earth. But without the 
trapping of solar heat by its atmosphere, 
the planet's polar regions would have habit­
able temperatures. This trapping is called 
a greenhouse effect, which means that 
Venus' atmosphere allows passage of in­
coming solar radiation, but restricts radia­
tion of heat outward. 

The temperature at the poles of Venus is 
only about 18 degrees F. less than that at the 
equator. Both its day and night hemispheres 
have the same temperature. Hence, Venus' 
massive atmosphere contains circulation 
mechanisms which distribute solar heat 
evenly over the whole planet. 

In addition to carbon dioxide and water 
traces, Venus' atmosphere also has some 
carbon monoxide, hydrochlqric acid and 
hydrogen fluoride. 

Venus' permanent clouds are very ten­
uous, something like terrestrial smog. They 
are almost twice as deep as Earth's cloud 
layer, about 11 miles thick and are believed 
to be composed mainly of sulfuric acid 
droplets. 

Somewhere below the bottom of the main 
cloud layers, the temperature becomes great 
enough for the sulfuric acid droplets to 
evaporate into water vapor and sulfuric 
acid vapor. A clear atmosphere results. 
Enough sunlight gets through the clouds so 
that the surface appears as bright as on an 
overcast day on Earth. 

From the Mariner cloud photographs in 
ultraviolet light, it appears that the strato­
sphere of Venus is in continuous high-speed 
motion. The clouds seem to move about 220 
mph, circling the planet in four Earth days. 
However, the Soviet Venera landers showed 
that wind speeds in the deep atmosphere 
are extremely slow. In the region between 
atmosphere top and bottom, an abrupt 
change in wind velocity appears to take 
place. This seems to occur at about 36 miles 
above the surface, between the base of the 
clouds and the clear atmosphere below them. 

Some major questions relating to Earth 
and Venus are these: 

• Like Venus, the Earth has a "green­
house effect" which appears to be growing 
due to increases in carbon dioxide in our 
atmosphere. These increases come from 
large-scale burning of fossil fuels since 
1850. Could the Earth's greenhouse effect 
become strong enough to cause serious, 
permanent rises in temperature? 

• Since Venus presumably formed as 
close to Earth as it is today, we might ex­
pect Venusian oceans like our own. Yet there 
is almost no water on Venus. Where did the 
water go, if it ever existed? 

One theory is that greater solar heating 
vaporized any oceans, and forced water 
vapor into the stratosphere. There it would 
have split into hydrogen and oxygen by solar 

continued on page 38. 

news notes ... 
SPECIAL SPACE AD SECTION ... New York ... Business Week 
magazine, a McGraw- Hill publication with 780,00_0 __ _ 
subscribers, will run a special advertising sect i on 
in it's Septemb e r 25th, 1978 issue on the topic of 
Space Industrialization. The special section will 
contain text written by the world's leading author­
ities o n space , as well as advertising from compan­
ies affiliated w~th the building and use of the 
Space Shuttl e . According to Business Week, the 
sect i o n will illu s trate the v·alues of lndustrial ­
ization in space with 24 pages of display ads and 
12 pages of text. The objectives of the section 
are: l) to reach potential new users of space to 
inform them of the availability of the Shuttle and 
the potential benefits from the application of 
space industrialization to the development of new 
products, processes and services for business; 2) 
to provide a description of existing space tech­
nology from the businesses that contributed to t h e 
building of the Space Shuttle, from the businesses 
which will use the Shuttle to launch satellites , 
and from the businesses that build satellites ; 3) 
to develop qualified sales leads for companies 
that advertise in this section; and 4) to inform 
Business Week's readers of the potentials o f space 
1ndustry . Among the contributors to the art ic l e 
will be John F . Yardley, Associate Administrator 
of the Office of Space Flight, NASA (writing on 
the Space Transportation System - A Public Invest ­
ment), Congressman Don Fuqua (D-Florida) (writ i ng 
on NASA's Scientific , Research and Development 
Role in Business Uses of Space), and Gary C. 
Hudson, Foundation, (writing on National Security 
and Space : The Business Implications). Additional 
topics will include the Commercial Uses of Space, 
A Forecast of State and Local Government Uses of 
Space - New Business, and Advanced Materials Pro­
cessing Technology - New Products from Space. 
Business Week has already published a seven- page 
art1cle on space industry as a cover story in the 
August 22, 1977 issue. 

ROCKWELL FUTURES . . . The May 29 issue of Business 
Week magazine reported on Rockwell International's 
corporate strategy, concentrating on Rockwell ' s 
cons umer b usiness ventures but noting " One place 
Al Rockwel l is sure his company will continue to 
go is into space ... Rockwell has plans to capitalize 
on its orbiter and satellite experience through 
the eventual industrialization of space - manufac ­
turing in a weightless, sterile environment, for 
example . And Al Rockwell sees the space shuttle 
program providing profits for Rockwell until at 
least the end of this century ." 

OTRAG DEVELOPMENTS .. . Zaire ... It is not known if 
the recent invasion of Shaba province by rebels 
oppos~d to the rule of President Mobutu of Zaire 
will affect the planned second flight of the OTRAG 
modular launch vehicle. This flight , which is to 
test the staging theory of the booster , was sch ed­
uled for June . The fighting in Shaba was some 250 
miles south of the OTRAG launch site . 

NEWS NOTES continued . .. 
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NEWS NOTES continued . .. 

FOUNDATION ARTICLE PUBLISHED ... Boston ... An article 
titled "The Commerce of the Solar System" has been 
published by Galileo magazine as "Beyon d Earth" in 
the May, 1978 (#8) issue. The article , condensed 
from an essay in the forthcoming book "Beyond 
Earth" by Gary c . Hudson , is a discussion of the 
need for advanced transportation systems for the 
large scale industrialization of space . It includes 
a discussion of Solar System Spaceships similar to 
the article which appeared in the Report in t he 
April lst, 1978 issue . 

CORRECTION .. . The Report has b een advised by the 
Earthport Project that their press release titled 
"Astronaut t o Lead Site Visit Group " (Report, May, 
1 978) was in error . The sixth paragraph should 
read: " Chapman became a scient i st'- astronaut in 
1967 and helped prepare for the Apollo 14 mi ssion 
in 1970 . His responsibility included crew train­
ing and coordination experimentation ." 

FOUNDATION CONTRACT ... St . Paul ... Foundat i on has 
been awarded a contract to prepare educat ional 
material f or the NASA Marshall Space Flight Center 
in Huntsville,Alabama. The material will assis t 
NASA staff in their attempts t o educate the U. S . 
business community concerning the progress and 
potentials of Space Processing of Materials. 

PAPER TO BE PRESENTED ... St. Paul ... A paper titled : 
"Advanced Propulsion Systems and Solar System 
Spaceships " will be presented at the Propulsion II 
symposium o f t he International Astronaut ical Fed­
eration meeting in Dubrovnik, Yugoslavia by Gary 
C. Hudson . The eight day meet ing, beginning Oct ­
ober lst , 197 8 , is an annual international space 
conference r eporting progress in astronautics from 
all countries and future plans. 

SPACE , EARTH PHOTOS ... California ... Pilot Rock, Inc., 
a California based firm , is offering more t han 
30 , 000 images from earth sensing and other NASA 
observational programs for sale to the general pub­
lic. Covering topics f rom oceanography to urban 
land use, th e photos can be purchased individually 
or in sets with handbooks for educational purposes. 
A catalog is . available from Pilot Rock, Ind., P.O. 
Box ZZ , 934 H St ., Arcata , CA 95521, or call (707) 
822-4851 . 

NASA COMMERCIAL BROCHURE . .. Huntsville ... A brochure 
is available from the Commercial Processing in 
Space Development T.ask Team at t h e Marshall Space 
Flight Cel).t~r tit led : " Commercial Materials Pro ­
cessing in Space ... A New Horizon for Industry." 
The brochure answers the questions: What makes the 
space environment unique? ; What are some of t he 
applications of the observed phenomena in space? ; 
What is NASA doing to facilitate commercial use of 
space for mat erials processing? ; and, What avenues 
are open to commercial firms interested in s pace 
processing? Information about the NASA program 
and a c opy of th e brochure can be obtained from 
Commercial Space Processing Developmen t , Mail Code 
PF 12, Marshall Space Flight Center, AL 35812 . 
Telephone: (205) 453 - 4880 . 

SHUTTLE COSTS SCARE EUROPEANS ... Washington ... The 
Director of West Germany's Dept . of Space and 
Transportation testified before a House committee 
that costs · f or the Shuttle/SpaceLab combinat ion 
are ruling out participation by private German f irms 
in early space processing activities. 

PIONEER VENUS 
continued from page 3 7. 

ultra-v iolet radiation. The light-weight 
hydrogen would then have escaped to space 
leaving the oxygen behind. But there seems 
to be so little free oxygen left. that scien­
tists wonder where it all went. 

NASA's Office of Space Science has as­
signed project management of the two Pio­
neer Venus spacecraft to Ames Research 
Center, Mountain View, Calif., and the 
spacecraft will be controlled continuously 
from the Mission Operations Center a t 
Ames. The spacecraft were built by Hughes 
Aircraft Co., El Segundo, Calif .. and the 
scientific instruments were supplied by 
NASA centers, other government organiza­
tions, universities and private industry. 0 

The Report is published monthly, 
and has a subscription price of $20 per. 
year ($15 per year for students, $25 
per year for institutional and library 
subscriptions and $25 per year for 
overseas airmail). Back issues are 
available at $2 each from September, 
1977. Xerographic copies may be sub­
stituted as stocks are depleted. Ad­
dress all correspondence to Founda­
tion, 85 East Geranium Avenue, St. 
Paul, MN 55117 or call (612) 489-4466. 
Editorial Direction: Gary C. Hudson ; 
Special Assistance: Resident Fellows 
E. Anne Roebke and T.A. Brosz; Staff 
Artist: David Egge. The Foundation 
Report accepts VISA/ Bankameri­
card and Master Charge. Please give 
us your full credit card number, ex­
piration date , and the four digit Inter­
bank number (Master Charge only). 
Your signature is also required on 
mail orders. Phone orders accepted at 
(612) 489-4466. No collect calls please. 

The Foundation was incor­
porated in 1971 as a non­
profit 501 (c )(3) Minnesota 

lllAN" ®Corporation. The company 
is a diversified research and develop-
ment organization formed to engage 
in advanced scientific and technology 
studies. Funds are provided by con­
tract research for industry, as well as 
by donations, gifts and internal busi­
ness profits. Capabilities include 
theoretical research and study, sys­
tems research and development of 
services and products. A high level of 
effort is presently being expended in 
astronautics, especially the com­
mercial utilization of outer space and 
the need for economical space trans­
portation. The Foundation has a per­
manent and consulting staff of pro­
fessionals to call upon including en­
gineers, designers, scientists, com­
munications experts, management 
specialists and the like. Corporate 
headquarters is presently in St. Paul, 
Minnesota. The Foundation Report is 
a concentrated effort to report all 
areas of private and industrial initia­
tives in the development of space. 
We hope it will stimulate ideas by 
raising questions and offering innova­
tive concepts contributed by acknow­
ledged leaders in the field. If you have 
any comments, ideas or requests for 
information or articles, we encourage 
you to contact us. 
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