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Free Enterprise and the
Proposed Moon Treaty

by Art Dula

I'he Agreement Governing the Activi-
tes ol States on the Moon and Other
Celesual Bodies ("Moon Treaty”) was

introduced in the United Natuon Commuit-
tee for the Peacelul Use ol Outer Space
(“COPUOS") by the USS.R.in 1971. On
July 3, 1979 a compromise draflt compri-
sing an introduction and 21 arucles passed
COPUOS by consensus and was sent to the
I'he
Moon Treaty is easily the most far reaching

General  Assembly  for  adopuon.

written. 1
Moon
control  the

international dgreement even

ratified bv the United States, the

I'reaty’s  provisions  will
activities of the United States, as well as
those of all US. citizens and organizations,
not onlv on the Moon, but also on every
celestial body in the solar svstem other
than Earth and in the wajectories around
and between them. It 1s hormbook law that
any S, law or regulauon contravening a
vatified wreaty is void. Thus planners who
he pe 1o 1'\;1|n|l Space resources comimer-
cially for profit through the [ree enterprise
system would be well advised 1o study this
Moon Treaty carefully and determine if 1ts
adopuon would be in the best interests ol
the United States and the free world.

I'he Rescue and Return Agreement, the
1972 1976
Registration Convention, and the Moon
I'reaty “Treaty ol

Principles Governing the Activities ol

Liability Convenuion, the

grew out of the

States in the Exploration and Use of Outer
Space Including the Moon and Other
Celesual Bodies” ("Treatv of Prine I|r|{'\" Iy
which the U.S. raufied in 1967. By 1979
over 100 countries had bound themselves
to abide by the “Treaty ol Principles.”
I'he history ol the Treaty ol Principles
demonstrates the basic conflict that exists
between the communist and capitalist
philosophies concerning the exploitation
ol space resources. As introduced by the
ULS.S.R. in 1962, the Treaty of Principles

lorbad free enterprise in space. T'he Soviet

view  was that only states should be
permitted 1o engage in space activities.
Alter the U.S, mooted this Soviet eltort by
chartering the Communications Satellite
Corporation, a resolution
passed the U.N
LS.
ficant barriers to the entry ol ree enterprise

COMPromise
and was ratufied by the

I'his compromise established sigm-

If ratified by the United
States, the Moon Treaty’s
provisions will control the
activities of the United States,
as well as those of all U.S.
citizens and organizations, not
only on the Moon, but also on
every celestial body in the solar
system other than Earth . . .

into space ventures. As ratified, the Treaty
of Principles requires that all ULS. space
activities, public or private, be authorized
and continuingly supervised by the ULS,
government and that the U.S. government
bear unlimited international liability for
damage caused by such ventures. Despite
its drawbacks, the Treaty ol Principles
expressly mentions the Moon in several
articles and thus clearly establishes a legal
the Moon that

order for i1s part of the

positive federal law of the United States

Summary of the Moon Treaty

I'he Moon Treaty is vague, lengthy and
complex. Many ol its critical terms are not
well defined. The language ol 11s most
important articles closely parallel similax
language in the 1970 UN resolution on the
deep seabed and the dralt law of the sea
treaty. The critical articles provide that:

Part 1

l. The celestial
bodies in the solar system excluding the

Farth.

treaty applies 1o all

2. All celesnal bodies and their nataral

resaurces are rln- “roammon hl']".l‘._:l' -Ii
mankimd.”
5. No  celestial

national appropriaton by any claim ol

body 15 ~I|h]l'tt (8}
'\ll\l']('jll_',l”\. i]\ 1I1|'.I|INHI LISC O 00 d II|!'.I.I[lII1
or by other means,

LoAn imternational regime must be es-
l.l!ill\l\l'l{

toy govern the -'\!il--ll.l]ln]l ol

natural resources on or denived [rom
celestial bodies belore these resources are
exploited [or other than scientific pur-
}][]\['\.

5. Neither the surlace nor subsurface ol
any celestial body nor any part thereol can
become the property of any state, corpora-
LHON OF Private person.

Neither the Moon Treaty nor anv other
authority  delines  the terms  “celestial
bodv™ and “matural resources™ as thev are

used i the treaty

“Exploitation” vs. “Use” of
Natural Resources

One reached
during the 1979 COPUOS session was that

the Sovier Union accepted o

reason  consensus  wias
Brasilian

formulation ol the weaiv's “common
heritage’ language. This language 15 now
in Article X1 ol the wreaty:

“T'he Moon and its natural resources are
the common heritage ol mankind, which
finds its expression in the provisions ol
this article and in particular in paragraph
5 ol this arucle.”

Paragraph 5 of Article X1 requires the
establishment ol an international regime,
second belore

presumably via a treaty,

exploitation ol natural resources from
space becomes leasible:
“States party to this agreement hereby

undertake to establish an international



regime, including appropriate procedures,
to govern the exploitation of the natural
resources of the Moon as such exploitation
isabout to become feasible. This provision
shall be implemented in accord with
Article XVIII of this agreement (which sets
up a ume table and mechanism [or
generating the regime).” (emphasis added)

Consensus was also encouraged in 1979
when a number of third world countries
dropped their insistence upon imposing a
total moratorium on all use of space
natural resources pending establishmemt
ol an international regime to govern
exploitation of such resources.

The United States, through Neil Hosen-
ball, NASA’s General Counsel and chiel
ULS. representative to COPUOS, made a
number of unilateral statements delining
the United States” interpretation ol several
parts of the Moon Treaty. Two ol these
statements seem intended to contradict the
clear language ol the weaty regarding
exploitation ol space natural resources:

I. “The dralt agreement—and 1 am
particularly  pleased about this, as a
member of the National Aeronautics and
Space Administration (NASA j—as part ol
the compromises made by many delega-
tions, places no moratorium upon the
exploitation of the natural resources on
celestial bodies, pending the establishment
of an international regime. This permaits
orderly atempts to establish that such
explontation 1s an fact  feasible and
practicable, by making possible experi-
mental beginnings, then, pilot operations,
a process by which we believe we can learn
il it will be pracucable and feasible o
exploit the mineral resources ol such
celestial bodies.”

The Moon Treaty is vague,
lengthy and complex. Many of
its critical terms are not well

defined.

2. "We also note with satislaction that
Article XI, paragraph 8, by releming o
Article VI, paragraph 2, makes it clear that
the right to collect samples of natural
resources is not infringed upon and that
there is no limit 1o the right of states’ partes
to utilize, in the course of sciemific
investigations, such quantities ol those
natural resources found on celestial bodies
as are appropriate lor supporn of thenr
missions,”

Mr. Hosenball's sttements were not
contradicted, They form a part of the
treaty's history,

The clear language in Arucle VI ol the
Moon Treaty specilically permits scientific
“use’” ol lunar resources. Conversely,
equally clear language in Article X1 states
L

that before “exploitation’ ol those re-
sources is [easible, a new international
legal regime must be negotiated. The ULS,
position contradicts this treaty language
by stating that the Moon Treaty places “no
moratorium on the exploitation of the
natural resources of the Moon, pending
establishment of an international regime.””

While the meaning of the Treary's terms

In addition to limiting the
“use” and forbidding the
“exploitation’”” of natural
resources from space, the Moon
Treaty goes to great lengths to
deny any possible legal entity
the capacity of owning any part
of these resources.

could provide grist for the mills of the U.S.
Federal Courts for years, ivis clear that the
Moon Treaty sets no moratorium on
screntific collection ov experimental use ol
lunar resources. The Treaty also specifi-
cally allows states to use lunar resources o
support their missions in the course ol
“scientilic  investigations.” The Moon
Treaty does not specifically  mention
“commercial” use ol lunar resources or
“use for profit” except insolar as itrequires
that an international regime be established
to control lunar resources prior 1o then
exploitation.” The difference between the
“exploitation” and “use” ol lunar re-
sources is critical. According 1o Black's
Law Dictionary, “Exploitation’ is:

“The act or process ol exploiting,
making use of, or working up, utilization
by, application ol industry, argument, or
other means of turning to account, as the
explontation of a mine or a lorest.” State
Finance Co. v. Hamacher, 17 P. 2d 610,
613. (emphasis added);

while “Use" is:

“To make use ol, of convert to one's

services, to avail one’s sell of, to employ.”
Hopkins v. Howard, 99 S.W. 2d 810, 812.

Thus, exploitation is use “trned 1o
account,” Le. commercial use that resulis
ma profit accruing 1o the user, The brame-
work of the legal regime to control exploi-
tation of space resources would he Laid out
by a “Law_ ol Outer Space”™ conlerence,
which parallels several “Law ol the Sea™
conlerences held over the past decade. The
[irst such conlerence 1s set lor 1982, The
1.S.5.R. has olfered to host the conlerence
i Moscow.

Property Rights in Lunar
Natural Resources

In addition 1o limitng the “ose”™ and
forbidding the “explottation™ ol nataral
resources from space, the Moon Treaty

goes to great length o deny any possible
legal entity the capacity ol owning any
part of these resources.

Article X1, Section 3 states:

“Neither the surface nor the subsurface
ol the Moon nor any part thereof or natural
resources in place shall become the
property ol any state, international,
intergovernmental or nongovernmental
organization, national organization or
nongovernmental entity or ol any natural
person.” (emphasis added)

On April 19, 1973 the U.S. representative
to the COPUOS legal subcommiuee
unilaterally contradicted the clear mean-
ing of the words “in place™ appearing in an
carlier working draft of the Moon Treaty:

“As is apparent [rom the text, this
working paper excludes the concept of a
pre-regime moratorium, References o the
words “in place™ in the st sentence of the
paragraph make this clear. More
particularly, the words “in place” . . . are
intended 1o indicate that the prohibition
against ascertation  of  property  rights
would not apply 1o natural resources once
reduced 1o possession through exploitation
cither in the pre-regime period or, subject
to the rules and procedures that a regime
would constitute, following establishment
ol the regime.”

These statements by the United States
drew no response, and this silence is a part
ol the history of the weaty.

Ratification

COPUOS agreed in July, by consensus,
to send the Moon Treaty to the United
Nations General Assembly, which con-
vened in mid-September. The General
Assembly has approved the Lunar Treaty
and has opened it for signature by states.
For the treaty 1o be legally effective in the
United States, the ULS. must sign the treaty
and the Senate must advise and consent to
it by a two-thirds majority.

If the Senate fails to ratfy the Moon
Treaty, it does not become positive law in
the United States. Despite this [act, signing
the wtreaty signilies the administration’s
intent to accept, and presumably abide by,
the Treawy’s terms. This intent  will
imnfluence governmental policy with regard
to the government’s authorization of space
resource exploitation by ULS. industry.
Because NASA has a monopoly on space
transportation, the practical results of the
L7.5.'s signing the Moon Treaty could be
just as lar-reaching as the cffects ol the
treaty's formal ratlication.

To be continued.

The Senate may vote on the proposed
Treaty as early as January. You can write
to your Senator to express your views al the
following address:

(7.8, Senate

Washington, D.C. 20510

[.-3 News, October 1979



Space Foxholes

or
Beetle Bailey in Orbit

by H. Keith Henson

Few people realize the extent of the
military involvement in space. Besides the
well-known military
communication and navigation depend on
satellites. At any given time, over a billion
dollars worth of U.S. hardware is circling
the Earth. The defense ol this stuff which
has become vital to the military has a lot ol

spy satellites,

people worried, To date, very litle has

been done about these worries because
there have been no really good ideas of how

(An

“good™ is a

to delend anything in

operational definition of

Space.

Six feet of common dirt
around the sensitive parts of a
spy satellite would make it
immensely harder to put out of
action . . .

do we gel
Military
acuvities are as constrained by economics

positive cost’benefit rato, i.e.

more out ol it than it cost.
as anything else,)

Given the array ol possible anusatellite
weapons, shrapnel, lasers, particle beams,
ordinary high explosives and nuclea
bombs, what defense methods would work
for all of I'he

would be the space loxhole or bunker. Six

them? obvious method

feet of common dirt around the sensitive

parts of a spy satellite would make it

immensely harder to put out of action by

any of these weapons. The problem is that
a 6-loot shell of dirt around an object the
size of a shuttle bay would weigh around
1000 tons. Boosting this much mass into
orbit would require about 70 shuttle
launches and would cost about 2 billion
dollars.

I'he advantages ol armoring satellites
are so great that it might be worthwhile
even at this cost. Putting things in holes or
under the sea where they are hard 1o knock
out has a nonaggressive image. (Why
bother if you are going to strike first?) The
alternate response to antisatellite weapons
is to threaten the other side's satellites with
your own weapons. Those of vou who read

Aviation Week and Space Technology

know that this 1s the path the U.S. 1s
currently taking. This approach has little
to recommend it, especially since the
differences between the U.S. and U.S.S.R.
spy satellites would make an exchange
much more costly to the U.S. Oursatellites
are large, expensive, and long lived. The
USSR tends to launch, on need, much
smaller and shorter lived satellites and,
unlike the U.S., keeps a ready reserve.
The use of exwraterrestrial materials has
(to knowledge anyway) been
seriously for military
applications. It is prewy obvious that if a

not my

considered

method were available to get thousands of

tons of dirt to the orbits used for spy
satellites, a ready market would exist. Asa
guess, the military might be willing 1o pay
2 or 3 billion for 3-4 parking garages in
orbit for its spy satellites, and perhaps hall
of that to armor its communication and

navigation satellites. If thisisa good guess,

The Earth and the Moon are
not the only sources of dirt in
the solar system. We have run
our remote fingers through the
sands of Mars and photo-
graphed the regolith of Deimos.

then the military market is the next largest,
alter (SPS).
Furthermore, the material needs litle or

solar power satellites
no processing to be useful.

It's a long way [rom military space
bunkers to what we are really interested in,
the human habitation of space, but other
than the SPS project, the space bunkers are

other
that

extraterrestrial
might be
Extraterrestrial resources are,
know,

the only resources

project economically

justifiable

as we well the key 1o space




Above: The surface of Deimos photographed by Viking Orbitor 2. A layer of dust makes
the surface appear smoother than the other Martian Moon Photos. Solar sails could
transport regolith from Deimos at rates of 100-200 tons per month.

Insert: A computer-generated picture of Deimos from a pair of images taken by Viking
Orbiter 1.

habitaton,

A 5 or 4 billion market, large as this is,
does not necessarily lead o an O'Neill-
{although 1t
would help il for example, an SPS project

style Space l|(‘\'t'|l)})lnt‘lll
were in the works). The Moon base ‘mass
driver cost estimates are in the range ol
three nmes the total market.

I'he Earth and the Moon are not the only
known sources of dirt in the solar system.
We have run our remote fingers through
the sands of Mars and photographed the
regolith of Deimos (the larger of the two
Martian moons). In the context ol sola
sails, Deimos may be one of the most

accessible objects in the solar system. Trip
umes for light sails would average fowr
months on the outbound leg and a year on
the inbound leg. Sail production rates ol
one per month would start returning
material at a rate of 100 tons per month. As
the sails begin to be reused, about a vear
and a half later, the rate would go up 1o 200
tons per month. Thissortol thing could go
on for a long ume belore we wok a
noticeable bite out of Deimos.

What would be needed for this project
would be a solar sail producuon facility,
remotely-operated
remote launch docking tug to move bags

carpet  sweeper,  a

ol regolith from the surface of Deimos o
attachment with the light sail, and the
kind of mission control we have recently
used for Viking. Imually this project does
not call for any people in space for long
periods of time, consistent with the “scaled
down' space People would
probably be
regolith with a binder and molding the

bunkers, but that should not ake more

pPrograr.

present  for mixing the

time than the shuttle orbit stay period ol 7
days.

I'here are numerous advantages to a
Deimos by remote

program to mine

control. The existence ol a transport

svstem of light sails would make the
wildest remote explorations of the outer
planets leasible. A one and a hall year [lyby
to Pluto would be one example. A Mars
sample return could be tacked on 1o the
program, probably at less cost than the
Viking program. Sample returns [rom the
asteroids would be easy as well.

The most significant advantage ol this
project is that it gives us a tochold in space.
Once we have a steady supply line for
extraterrestrial materials, we can build
shielded habitats where people can live
their lives without cosmic ray damage, We
will possess the raw materials to build
farms and lactories. We will have made the
hostile

being  visitors in a

environment to being homesteaders in the

promised land, D

1.-h News, October 1979
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How to Be a Successful

Inventor

“How? All it takes is skill, good advice, hard work and money”

by Carolyn Henson

Reprinted from Future Life Magazine, #13,
September 1979,

Many frustrated inventors write 1o me
because I'm president of the L-5 Society.
And they're right, I do know how o help
lone inventors. My husband is a full time
inventor; his devices labor away in candy
factories and tractor plants, monitor giant
mine trucks and protect water pumps. His
rescarch shows up in the major space
manufaturing technical works, as well.

I've had the pleasure of helping turn his
schematics into hardware. How? All 1t
takes is skill, good advice, hard work and
money.

Let's work on skill first.
studied college level physics? T don't mean
the creampuffl courses they offer premed
students; vou have to take the stufl that
requires calculus., Mechanics,
clectromagnetism, thermodynamics,
optics and acoustics are essential. Beat it
into vour head until vou can look at a
scheme and immediately determine
whether angular momentum is conserved
or whether it obeys the second law ol
thermodynamics. Nine out of 1en of the
schemes people show me violate the laws
of physics. They'll never fly.

Some kooks think the laws of physics are
a conspiracy by evil scientists to keep
reactionless drives and faster than light
starships off the market. These preople
remind me of the Tucson gangster who
bribed a building inspector to approve his
bowling alley design. However, the law of
gravity wasn't circumvented as easily as the
laws of Tucson. The bowling alley
collapsed.

Then there was the Arizona legislator
who proposed the repeal of Carnot's law in
order 1o save [uel.

Sharpen vour skills with plenty of math,
Leam 1o Fourier and Laplace
transforms, Bessel functions, Lagrangian
interpolation and more. Study numerical
analysis and how to get your computer to
do the calculating for vou. If you don’t
have something fancy on hand at least geta
calculator with trig functions and a decent
memorny.

I remember when [ independently
thought up the idea ol the tethered
geosynchronous satellite — the “'skyhook™
concept. That is, I got an intuitive grasp of

Have vou

st

the idea. But [ couldn’t determine whether
we had any maternials strong enough to
build the skyhook because the solution o
the problem involves integrating over a
diminishing gravity field, and I couldn't
integrate, My husband found an article in
Science [or me where the math had been
worked out. It was Greek to me. But I got
the message: 1 spent the next four years
buried in math books.

Yes, there are math kooks, too. I had 1o
throw an old man out of my office because
I vred of his demands that I join his

Could you sign checks and
write contracts when 9 months
pregnant and in labor with con-
tractions five minutes apart? If
the answer . . . is yes, you're
probably not too lazy.

crusade to declare pi equal 1o exactly 3.14.
“There are no irrational numbers in
nature,” he declared.

You absolutely must have good advice.
Many inventors go wrong because of
obvious [laws in their concepts that a
skilled friend could probably spot. One of
the major reasons 1o auend rechnical
conferences is that they are the perfect
place 1o make friends who can help you
turn that rough idea into real hardware
someday.

Don't let pride trip you up. No matter
how brilliant a researcher may be, he or she
always looks to [riends lor advice.

Next comes the hard work. Could you do
without vour vearly vacation in the
Bahamas? Do you mind working
Saturdavs? Can you survive on only six or
seven hours of sleep a night? Do you mind
scarfing down a cold taco and a warm soda
pop with your left hand while you type
data into the DEC-10 with vour right?
Could vou sign checks and write contracts
when 9 months pregnantand in labor with
contractions five minutes apart? If the
answer to all these is yes, you're probably

not too lazy.

Last we tackle the money problem.
People with sound, ingenious inventions
write and call me with the same old sob
story. “NASA won't give me a cent.” "My
wile left me because Ispentour life savings
on my invenuon.” “The aerospace
companies don't even answer my letters.”
So what else is new?

Peter Glaser, inventor of the solar power
satellite, promoted it four years before
getting a cent of NASA money. Gerard K.
O'Neill, world [amous space colony
rescarcher, wraveled around the country
pushing his ideas for six years belore
gewing his first grant.,

How about Peter Vajk, the space
industrialization pioneer? He lost his job
at Lawrence Livermore because he spent
too much time working on space colonies.
T.A. Heppenheimer was fired by Rockwell
for the same reason. But they didn’t waste
time feeling sorry for themselves.
Heppenheimer is now working [ull time
on space colonies as an independent
consultant, has writen a lucrative book,
Colonies in Space and has another, The
Colonists, about 1o hit the bookstands.
Vajk  was snapped up by Science
Applications, Inc., which needed a space
industries expert, and he wrote Doomsday
Has Been Cancelled in his spare time.

I enjoy asking the authors ol space
industrialization research papers who
funded their work. Ofien they reply “Oh, 1
did this research in my spare time. Hope
the boss doesn’t find out T swiped some
computer time.”’

When my husband started his
electronics company, Analog Precision,
had no money. But we needed a
building and tens of thousands of dollars
worth of test gear, circuit board lacilities,
machine tools . . . what a list of things! So
we cut our living expenses way down —
below the poverty line — remongaged the
house, borrowed up to our ears from the
bank and all our friends, borrowed the
equipment we couldn’t buy, and hustled
like crazy.

It worked!

It can work tor you, too. Reach lor the
stars!

wier



The Asteroid/Meteorite
Connection

by Stewart Nozette

I'he concept of a relationship between
asteroids, and the meteorites in ow
museums forms the basis lor one of the
most lascinating questions in
contemporary planetary science. Where do
meteorites come from? Answering this
may give us the

asteroidal utlizaton,

question basis  for

We all know that the cost of planetary
exploration is extremely high, Il the solar
system 1s to be thoroughly explored, and il
we are 1o make many direct observations ol
asteroids, an economic motivation must be

The imagination of
planetary scientists along with
the free samples residing in our
museums may help unravel the
secrets of the asteroids . . .

present. The asteroids may provide an

excellent resource base for [uture
industrial activities in space. However, a
gap in our knowledge exists concerning
nature ol

the physical and chemical

asteroids. The imagination ol planciary
scientists, along with the free samples
residing in our museums, may help unra-
vel the secrets ol the asteroids, and provide
the vital information useful in exploita-
tion ol extraterrestrial resources.
Meteroites may be divided into three
catagories: stones, 1irons, and stony-irons.
I'hese categories have been recognized
almost as long as people realized that rocks
could indeed fall fromthe sky. Of the stony-
type meteorites, the most abundant are the
ordinary chondrites, These are made up
primarily of silicate minerals with varving
amounts ol 1ron-nickel metal and iron
sulphide. Chondrites are distinguished by
the presence of millimeter-sized spherical
I'he origin of

highly

bodies called chondrules,

these chondrules 1s a debated
subject, but impact and igneous processes
may have been responsible. Some ol the
ordinary chondrites show evidence that
they have been geologically processed, i.e.
metamorphosed. The ordinary chondrites
are  thought 1o

represent  primitive

planetary material which never
experienced large amounts ol remelting.
Chondrites may be the building blocks of
planets.

Other types of stony meteorites include
the carbonaceous chondrites and  the
achondrites. Achondrites appear to have
produced by
similar to those found on the Earth and the
Moon. One group ol achondrites, the
Eucrites, appear to be pieces ol solidified
magma produced on a small planet. This
hypothetical planet is imaginatively called
the Eucrite Parent Body.

continued debate on just exactly where the

been IZNCOUS  Processes

Ihere 1s a

Eucrite Parent Body 1s, or whether 1t sull
exists at the present time. This mystery
arouses intense [ascinaton in the author,
I'o think that we ;Il[u.ilh POSSCSS preces
from the surface of a distant planet! This
planet mayv no
possibly

exist, having
been destroyed in a primeval

longer

collision.

I'he  carbonaceous  chondrites  olien
stumulate the highest level ol interest in

those interested in cconomic ventures in

Figure |

space, I'hese meteorites dppear 1o
represent the most primitve solar system
material we have seen. This is not 10 say

that they do not have complex histories,

To think that we actually
possess pieces from the surface
of a distant planet!

but  that they have

extensive

never  undergone

heatuing. The carbonaccous
chondrites would provide an excellent
source ol volatiles for space activites,
Some contain as much as 15% water by
weight. This water may be converted into
hydrogen for chemical propellent, and
oxygen which may be used [or life support
and industry. One small carbonaceous

make space industry

completely independent of terrestrial raw

asteroid  could

materials, except for special use items,
I'he iron-rich meteorites also represent a

A photomicrograph of a piece of carbonaceous chondrite in the Plainview

ordinary chondrite. This might have formed on the surface of an asteroid.
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mother lode of raw materials. That huge
hunk of iron which you may have seenina
museum is probably a piece of the core ol a
small planet which was shattered by
collision millions ol years ago.
Civilization may never want for metal if we
can utilize the source of iron meteorites.

The meteorites show evidence that they
originate on large planetoids. We must
now extract more subtile information from
meteorites to tell us what the actual
surfaces of these bodies are like.

When the first astronauts landed on the
Moon, they found a surlace composed ol

loose  broken-up material  known as
regolith,  The nature of  the  lunar
environment, with s  vacuum and

exposure 1o the solar wind, produces
distinct features in this regolith. These
include evidence ol impact, cosmic ray
radiation damage, and high abundances ol
solar wind gases, i.c. helium. The regolith
has been churned and broken over eons of
bombardment. This bombardment
produces special rock types called breccias,
characterized by angular mineral grains
cemented together with glass,

The surlace environment ol an asteroid
will be similar to that of the lunar surface
except lor the asteroid's lower gravity.
There are meteorites which show evidence
that they formed in a regolith. This
evidence  includes  brecciaton,  large
amounts of trapped solar wind gases, and
the presence of foreign fragments. Figure |
shows a piece of carbonaceous chondrite
found inside of an ordinary chondrite. The
carbonaceous  piece shows evidence ol
exposure of liquid water,
possibly by heating during an impact.

Using the lunar example and evidence
from meteorites, a  model has  been
constructed for asteroid surfaces. This
model gives clues to the type of surface
which may be found on an asteroid of a

produced

Civilization may never want
for metal if we can utilize the
sources of iron meteorites.

given size and age. The model suggests that
large asteroids around 300km. in diameter
will develop 2km. thick regolith blankets
in the first 2 billion years ol evolution,
Later the surface will erode and eventually
a collision will shatter the asteroid. A
smaller body, about 100km. in diameter,
accumulates much less regolith because
less crater ejecta is retained in the weak
gravity field. Smaller bodies lose nearly all
their crater ejecta because of their uny
gravitational fields. Asteroids 1 to 10km in
diameter are predicted to have very thin

Moderately Bright Albedo

Very Dark Albedo

| 31 I | 1 | |

Vesta
Basaltic Achondrite

Dembowska

Highly Metamorphosed Ordinary
Chondrite

Alinda

Slightly Metamophosed
Ordinary Chondrite

Athamantis

Stony-Iron

Pallas
Metamorphosed Carbonaceous
Chondrite

Psyche

Enstatite Chondrite

Eos

Primitive Carbonaceous
Chondrite

Iduna
Primitive Carbonaceous
Chondrite

3 A B A i B 9
Wavelength (Micrometers)

1.0 1.1

Figure 2 Asteroid and meteorite reflectance spectra. The points are astronomical
measurements; the lines are meteorite reflectance spectra.

layers of regolith. A small body made up of
weak material like carbonaceous
chondrites will have more regolith. This
model does a good job of predicting the
astronomical propertes of asteroids and
the mode of formation of the brecciated
gas-rich meteorites. A mining operation
may simply be able to scoop up thin 2m.
regolith layers. Thus, even a small body
may have an casily explonable surface,
We  have physical
properties ol the asteroid surface inferred
from meteorite evidence. What may we say
about the chemical properties of these
surfaces? Almost all of our current ideas
concerning  asteroid  composition  stem
from spectro-photometric
These observations are carried out by
Earth-based telescopes  equipped  with
sensitive light-measuring equipment. The
intensity ol light reflected by the asteroids
at dilferent wavelengths is measured. The
spectra obtained may  be compared 1o
laboratory spectra of meteorites. Figure 2
shows just such a comparison. The points
represent astronomical measurements and
the lines are meteorite These

discussed  the

observations,

spectra.

reflectance spectra are lingerprints which
allow us 1o make educated guesses about
what the surfaces are made ol By
examining ligure |, we can see a lairly
good match  between  asteroids  and
mMeteories.,

We still have a long way to go in
understanding the asteroids. The evidence
accumulated on the Earth will provide
[uture asteroid prospectors with their basic
information. The economic exploitation
ol these marterials will provide an almost
unlimited  resource  base  lor
generations and  allow  the  scientific
exploration of the solar system to proceed
with fewer budgetary restrictions.
Chapman, Clark R. “The Nature of the

Asteroids, “Scientific American, Vol 232

No. | (Jan. 1975).

Housen, Kevin R Wilkening, Laurel L;
Chapman, Clark R.; and Greenberg,
Richard. “"Asteroidal Regoliths,” Icarus
in press.

Stewart Nozette has recently recewved his
bachelor’'s degree in planetary sciences
from the Untversity of Arizona and will
begin graduate work at MIT in the fall.

luture
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Dr. Robent W,
nuclear propulsion, proposes that the nat-
ural evolutionary drive that led human-
kind to dominate the planet Earth will lead

Bussard, pioneer in

us to the stars. In an inspirational talk pre-
pared for the 15th Annual Propulsion Con-
ference held in the Las Vegas Sahara Hotel
on 18-20 June 1979, Dr. Bussard explored
our past and opened up wide-ranging
visions of our future destiny in space.

Three large professional engineering
societies engaged in ground, air, and space
propulsion: the American Institute of
Aeronautics and Astronautics (AIAA), the
American Society of Mechanical Engineers
(ASME), and the Society of Automotive
Engineers (SAE), jointly sponsored the
propulsion conference. Dr. Bussard was
one of the featured speakers at that confer-
ence's “Propulsion Concepts [or Galactic
Travel” session.

Bob Bussard pointed out that the rise ol
the human race as an intelligent toolmak-
ing animal has occurred over a remarkably
short time span. Billions ol years were
required for evolution that started in the
mud,
mammals and the greatapes, 1o yield homo

primordial passed through the
sapiens (us). Yet it only ook ten thousand
vears lor our imtelligence 1o control the
resources of an entire planet.

Bussard feels that the same drive will
lead us 1o the stars. It is only a matter ol
time, energy, and survival. If we do not
destroy our civilizaton in a global war,
then he sees us engaging in journeys
through the vast reaches ol intersiellan
civilizations on  other

space to  build

worlds.

The Bussard Interstellar Ramjet

This concept would provide a means for interstellar space travel. The large cone

depicted would scoop up hydrogen from the interstellar medium for use as fuel for a

thevmo-nuclear fusion powered rocket engine.

Dr. Bussard is aware of the dilliculties of
interstellar travel, He is also aware of the
great technological capabilities of the
human race that will make such journeys
possible. He points out that we already
know the technical directions o follow
which can lead to starships capable of car-
rying humans to other stars and eventually
throughout the galaxy.

Dr. Bussard's talk also raised an interest-
ing speculation on the uniqueness of the
human race. Calculations show that if an
intelligent species has a drive similar o
humanity's, and starts to explore other
stars, then within | to 10 million vears ( a
very short time compared to the 10 billion
vear age of the galaxv), the descendents ol
those first explorers would have explored
every habitable planet in the galaxy. This
leads him to speculate that perhaps it may
be that we are the lirst of the intelligent
species, and it is our destiny to explore and
populate the habiable planets in the
galaxy.

Dr. Bussard has worked on nuclear pro-

pulsion for aircraft and spacecralt since
1952, and has published two textbooks on
1960
paper, he proposed the now-famous Bus-

nuclear propulsion. In a seminal

sard interstellar ramjet. Prior to founding
hisown company in 1974, he was Assistant
Director of Development and Technology
for the U.S. Atomic Energyv Commission,
where he areated, directed, and managed all
engineering research and  development
acuvities in the U.S. controlled thermonu-
clear fusion program. He is Founder and
President ol Energy Resources Group, Inc.,
which carries out technical analyses and
design studies of nuclear, solar, and
advanced energy systems, and is Founder
and President of International Nuclear
Energy Systems Company, Inc., which car-
ries out research and development of novel
fusion power svstems. They are currently
working on a “throwaway tokamak."” This
15 a compact, low-cost, fusion reactor that
uses the design philosophy ol propulsion
engineering  rather than

power  plant

engineering,
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The Sunsat Energy Council’s
Letter to President Carter

July 13, 1979

The President
The White House
Washington, D.C. 20500

Mr. President

Encouraged by the positive [indings of
scientists and engineers throughout the
world, the Board ol Directors of the Sunsat
Energy Council has authorized me 10 urge
you to consider in your energy planning
one of the most promising concepts vet
developed [or harnessing a sale, renewable
source of electrical energy: the solar power
satellite. In a number of respects, this
advanced space technology affords the
United States an extraordinary
opportunity to accomplish several
national goals with a minimum of
economic or other risks,

Assuming the concept is as valid as
many leaders of the world technical
community believe, a single solar power
satellite in space could beam to Earth
usable electrical  energy  in amounts
ranging [rom 1710 to 10 times that which

might be generated by existing individual
fossil or nuclear power plants. There are,
of course, certain unknowns which would
have 1o be explored before any atempt o
put in place such a satellite could or should
be attempted. However, these unknowns
are fewer and less hazardous potentially
than those, for example, associated with
our initial commitment to the Apollo
program or those which sull exist in
connection with nuclear waste disposal or
the carbon dioxide elfects of burning lossil
fuels.

A federal expenditure of between $200
and $300 million over the next five years
would cover the rescarch necessary to
determine the safety and [easibility of
constructing  a power satellite.
Although the Sunsat Energy Council is
committed, by its charter, to foster the
exploration of such a satellite, none ol its
members would be so rash as to propose—
particularly in the light of the events of
recent months—proceeding  without  a
well-conceived research program which,
for example, would cover conclusively the

solar

effects of microwave, laser or other power
transmission means on communications
and the Earth’s ecology.

Although it would be unrealistic 1o
expect 1o have a solar power satellite in
effective operation much before the end of
this century, your announcement now of
our committment to move ahead with
deliberate speed on this project would have
immediate positive effects—on our nation
and the world.

It would reaffirm United States
technological leadership. As you know,
high technology products are among our
leading exports. Enhancing our prestige in
that lield could favorably alfect our trading
position. Based on the work being done by
the Department of Energy and the
National Aeronautics and Space
Administration as part ol the ongoing
evaluation program which addressed the
technical, economic, and societal issues
raised by the solar power satellite, you can
be assured that the known Lacts would back
up your words.

Such a statement by you at this time also
would restore 1o the people of this nationa
sense that the United Sutaes will move
actively and decisively to control its own
destiny, and that it is capable of dramatic
undertakings toward an objective which
could be of benefit to all nations,

In addivon, such a move could serve
notice to oil producing nations that our
dependency may not be everlasting and
that oil kept in the ground may not
necessarily remain as valuable as it is
today.

Even assuming, as we [rankly do not
think possible, that the solar
satellite does not prove feasible in the
projected uvime frame, the spinolls
resulting from the ininal work would
more than justify the relatively modest
rescarch expenditure required. For
example, new materials could  be
developed in space with applications on
Earth. Advanced solar cells developed [or
the solar power satellite could also be used
in commercial and residential buildings.
We could learn more about the capabilities
ol man to perform complex tasks in space
and more about the problems of placing
large pavloads in space.

I would be happy o provide any
additional informaton you may want
about the solar power satellite. And, il vou
would like 1o discuss the subject, my
colleagues and I would be honored to meet
with you at your convenience.

power

Respectiully yours,

Peter E. Glaser

President

SUNSAT ENERGY
COUNCIL.



Space Industrialization:
How to Design for Success

Current legislation reduces the risk of R&D by reducing the costs of failure. How could we turn the
process around to reward success instead of failure and to stimulate entry into space manufacturing?

by J. Peter Vajk

Communications satellites are accepted
today as a virtually “wraditional” sector of
the global economic system, It is difficult
to recall the struggle of the early 1960°s 1o
encourage the development of a global
communications satellite system in spite of
the [act that we could see the technological
feasibility and social desirability of deploy-
ing such a system. In 1963, Congress
enacted the Communications Satellite Bill
which created COMSAT, a private com-

The post-war economic
successes of countries such as
Sweden and Japan have been
predicated upon wvigorous
encouragement of technologi-
cal innovation by deliberated
government policy. For
whatever reasons, the United
States has not chosen to follow
that path . . .

pany to represent the United States in a
worldwide communications satellite sys-
tem. T'wo short years later, the first com-
mercial satellite, Early Bird, was launched,
mitiating private sector unprovement in
outer space.

Today we are struggling with the next
step in the economic use of outer space, as
we stand on the verge of space shuttle oper-
ations and consider the possibilities ol
manufacturing products in orbit. From a
technical point ol view, we realize that the
environment of low-Earth orbit offers
some unique advantages, including weight-
lessness, ultrahigh vacuum, biological 1so-
lation, a wide range of temperatures, and a
range ol radiation
These can be exploited in new processes for

wide environments.,
converting a variety ol raw materials into
finished products ol high intrinsic value
per pound. Among the hundreds of possi-
bilities considered thus lar (and the thou-
sands yet to be considered), we expect that
some will prove 1o be commercially suc-

10

cessful, providing new products, superior
products, or less expensive products than
we can manuflacture here on the ground.
The key problem which the Space
Industrialization Bill of 1979 (H.R. 2337)
attempts to deal with is what kinds ol new
institutional arrangements can most rapidly
and elfectively  bring the
government-lunded space research into

results  of

commercial use? The post-war economic
successes ol countries such as Sweden and
Japan have been predicated upon vigorous
encouragement of technological innova-
tion by deliberate government policy. For
whatever reasons, the United States has not
chosen to follow that path, and our leader-
ship and economic advantage in a number
of high-technologies has slipped so far that
flationary protective tarills have been
|)!np().~.t'({ to protect our domestic manufac-
turers from the reduced costs produced by
vigorous innovation abroad.

[am an advocate ol large-scale extension
of human civilization and human alfairs
mto outer space. My impression, from giv-
ing dozens ol lectures o civie group, col-
lege, high school, and elementary school
audiences over the last four years, is that
the grassroots will vigorously support a
space program geared 1o pragmatic, prol-
itable ventures with visible and prompt
benefits 1o people on Earth. Scientific
exploration of the solar svstem and of the
universe from space-based observatories
are also of interest, but these would be [
more acceptable in the presence of a vigor-
ous program designed to exploit our capa-
bilities, experience, and know-how. The
Space Industrnialization Bill of 1979 is a
valuable step toward this goal and I sin-
cerely hope that such a bill will be enacted
into law in the near future.

However, I am oflering some criticisms
of the Bill as presently dralted in the hope
that some modification will improve and
accelerate the desired effects of the Bill

In designing a new institutional ar-
rangement, we must be very carelul 1o
design it Tor success. To do that, it is
necessary to consider very carefully a long
string of “Whatil . .. ?" cases to determine

whether or not the proposed scheme will,
in fact, discourage failures, inhibit cheat-
ing, and reward success.

(A beautiful example of this type ol
analysis i1s The Federalist Papers written
by several ol the architects ol the United
States Constitution. This type of analy-
sis, which examined in detail how the sell-
serving interests of less-than-perfect politi-
Judges, and
factions could lead to various failures ol

clans, legislators,  states,
the whole system, resulted in the exquisite
svstem ol checks-and-balances which have
served this nation so well [or so long.)
Let me give one briel example—perhaps
controversial—ol a system which appears
1o be designed for [ailure rather than suc-
Many including such re-
spected economists as Nobel laureate Mil-
ton Friedman, have described the present

Cess. critics,

federal policy toward energy as just such a
design for failure. In a nutshell, the worse
the cnergy CTisis gets, the more .\ruu'\\,'m’
the Department of Energy (DOE) becomes.
Its appropriations, stall, and regulatory
power grow ever larger the further away
DOE brings us from a viable solution 1o
providing the energy we need and want.
Should DOE find a break-
through solution to the problem, its sur-
vival as an entrenched bureaucracy would
be severely threatened. Although all its
emplovees may have the best of intentions
and may strive sincerely to solve the energy

somehow

problem, the system is designed to reward
fatlure, not success.
It is my concern here that the Space

... the worse the energy crisis
gets, the more successful the
Department of Energy
becomes.

Industrialization Corporation as proposed
by the present draft of H.R. 2337 may in
part be designed for failure rather than
success. At the present time, space manu-
facturing is generally perceived by 1.8,
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industry to be “too risky” and it is the
legitimate aim of the present bill to reduce
that risk and thus to stimulate entry of the
private sector into this new lield of com-
mercial acuvity. As in gambling, risk
assessment in the business community
must consider two factors: (1) How much
can we alford to lose? (2) On a probabilistic
basis, what is our expected gain or loss
from this particular investment option? I 1
wager $1 on some particular number in a
roulette game in which the wheel carries
the numbers one through thirty-six, zero,
and double-zero, 1 have one chance in
thirty-eight that my number will win, and
thirty-seven chances in thirtv-eight that

[If] a . . . corporation did
invest the necessary funds to
bring a space product to com-
mercialization . . . the economic
returns would be modest because
of present tax laws. Thus the
returns would be no higher than
those of conventional, lested,
Earth-made goods.

my number will lose. If the payoll for win-
ning is thirty-eight 1o then my
expected winnings are exactly zero, and the
game is balanced evenly between the bettor
and the house. T have a 3738 chance of
losing my $1, and the house has 138
chance ol losing $37. The bet 1s “fair,” but
I dare not bet more money than Ican allord
to lose completely, no matter how fair the
bet may be.

Now consider the opportunity lor a
company to invest in R&D 1o develop a
new technology to the point ol commercial
profitability. Suppose market research
shows that the company could carn $50
million if the venture succeeds. Suppose
the chances of success are estimated
(strictly on an intuitive or “hunch’ basis)
to be one chance in five. On that basis, the
company would still break even on an
expected winnings basis if it had invested
$10 million in the R&D program. (I am
deliberately ignoring such subtleties as
interest costs and taxes o keep the basic
argument simple.) A prudent investor
would require that the R&D budget be
somewhat less than $10 million or that the
prospective earnings be somewhat greater
than 850 million before making the
investment in order to end up better than
event, that is, to end up with a profit, a
positive return on investment. He or she
would also check the overall hmancial
condition of the company to determine

one,

whether or not the company could alford
to lose completely the funds invested.

Il we now contemplate an investment in
anew, untried process for the manufacture
in orbit of a new or improved or reduced-
cost product, we must ask the same ques-
tions. How much can we allord o lose
complerely? What do we expect 1o gain
from the investment, weighing the chances
ol success against the chances of fatlure? In
the present environment, space manufac-
turing is generally
riskv.” The common perception in busi-
ness and industry today s that the devel-
opment costs lor space manulacturing
would necessarily involve millions ol dol-
lars of investmem before any chance ol
cconomic returns, and this sum is in many
cases more than medium-sized corpora-
tions are willing 1o lose, no matter how
large the pavoll may be. Yer a series ol
well-conceived experiments to develop and
test some space manulacturing processes

perceived as oo

would necessarily involve millions of dol-
lars of investment before any chance of
economic returns, and this sum is in many
cases more than medium-sized corpora-
tons are willing 1o lose, no matter how
large the payofl may be. Yet a series of
well-conceived experiments to develop and
test some space manufacturing processes
for products ol high intrinsic value could
be carried through for as little as $500,000
to $1 million, particularly il the red tape
requirements of NASA could be reduced.

Suppose, however, that a medium- to
large-size corporation did invest the neces-
sary funds to bring a space product to
commercialization. Unless the product
were totally new (implying much higher
risks of market acceprance as well as of
technical development), the economic
returns would be modest because of present
tax laws. Thus the returns would be no
higher than those ol conventional, tested,
Earth-made goods. In this context, given
the higher uncertainties of the R&D phase,
any prudent investor would rather put his
or her money into a more conventional
investment.

The proposed legislation under discus-
sion here today approaches the problem of
risk strictly from the viewpoint of reducing
the costs of failure, by forgiving the full
amount of a "loan’" from the Space Indus-
trialization Corporation. I believe thisisa
serious flaw; it rewards fatlure of the R&D
program by removing the pain of failure,
but provides no rewards, over and above
those modest returns of any conventuonal

*manufacturing enterprise, for a successful
effort.

Moreover, this approach encourages
cheating, especially by smaller companies,
Suppose a small company were formed for
the primary purpose of carrying out some

space manufacturing activities on a com-
mercially profitable basis, and suppose
this company received a loan from S.L.C. in
the amount of several million dollars.
Suppose that halfway through the planned
R&D phase this company realized that the
project would result in a fantastic new
product which will earn millions and mil-
lions of dollars within just a few years,

The temptation would be very strong to
begin at this point to maintain two sets of
books on the progress ol the work, espe-
cially with respect to flight experiments: In
one set, the true results and progress of the
work would be recorded, analyzed, and
elaborated. In the other set, forged results
would show (during the next 10% of the
total lunding available) ambiguous results
gradually dwindling down to a dead-end
failure. Under the terms of the loan [rom
S.1L.C., the remainder of the funding would
be cancelled, and the company's only obli-
gation would be 1o document the “fail-
ure,” and the loan would be forgiven. Soon
therealter, the company could dissolve
completely, and the principals in the com-
pany, possessing highly valuable trade
secrets, could form a new company which
completes the necessary R&D from entirely
private funding to go into business manu-
facturing the end product in space, with-
out the inconvenience of sharing their
secrets with anyone else or the inconven-
ience of repaving a loan of several million
dollars.

This is not to suggest that the private
sector is dishonest; but I think it is most
unwise to create an institutional arrange-
ment which rewards failure and provides
incentives for cheating,

How could we turn the process around
to reward success instead of failure and 1o
stimulate entry into space manufacturing?
First we should note that small companies
characteristically are more willing 1o

... it is most unwise lo create
an institutional arrangement
which . . . provides incentives
for cheating.

invest in risky ventures than are giant cor-
porations. If a small company makes
unwise investments, it can always file for
bankruptcy; a large corporation which
loses several tens of millions of dollars will
survive and have to face its irate stock-
holders at the next annual meeting. Il the
Space Industrialization Corporation has
an annual budget of $50 million initially,
it would be reasonable to expect that most
of its grants will [all between $0.5 and $5



million. On this scale, most ol the awards
would go to small- or medium-sized com-
panies; a few might go to the giants of
industry, but these are unlikely to be inter-
ested unless the prospective earnings in the
event of success are much greater than for
conventional alternative investments.

Profits and jobs resulting
from successful space ventures
would be additions to the eco-
nomic base; to refrain from tax-
ing these . . . would not take
away tax revenues since there
would otherwise be no profits to
tax.

Suppose, then, that S.1L.C. loans were
required to be repaid in all cases, preserv-
ing some of the pain of failure. (‘That pain
could be reduced somewhat by providing
the loans at low interest rates with long
periods allowed for repayment.) Large
companies would find such financing ol
the R&D costs appealing; small investors
would be sheltered from total failure by the
bankruptcy laws just as effectively as if the
S.I.C. totally forgave the debt. Yet the
incentives for cheating would be largely
eliminated,

To encourage
revenues [rom space manulacturing opera-
tions were granted tax-free status for, say,
ten vears beginning from the date of the
first operational Space Shuttle [light, and
75% exemption for the next five years, etc.
The profitability of space ventures would
immediately be more than doubled in view
of the 46% corporate profits tax, encourag-
ing participation by all sizes of companies.
The limitation of ten vears, say, belore the

success, suppose  all

extent ol tax forgiveness were reduced
into the
market in order to maximize gains before
taxation is phased in.

would encourage early entry

Some might argue that exempting prof-
its from space ventures provides an indirect
subsidy 1o industry at the expense of other
taxpavers. I would suggest that this 1s not
the case at all, because il no incentives were
provided for space manulacturing, no
profits or jobs in this field would material-
ize either. Profits and jobs resulting from
successful space ventures would be addi-
tions to the economic base; to relrain from
taxing these (at least in the carly stages)
would not take away tax revenues since
there would otherwise be no profits to tax.

What should the role of the Space Indus-
trialization Corporation be il we reward

12

success as | have suggested above? S.1.C.
should stll, 1 believe, provide “‘sced
money”' for the development ol
manufacturing processes, with low inter-
est rates in the event of failure and normal
interest rates in the event of success. Besides
financing the technological R&D effort,
however, S.I.C. can contribute 1o risk
reduction by funding careful market sur-
veys to determine the scale of earnings to be
expected if the R&D effort succeeds. Uncer-
tainty about the anticipated revenues in
the event of success is a major factor in the

space

present assessment of space manulacturing
as “‘too risky."”

I believe that S.1.C. would be most effec-
tive in carrying out the purpose of the Bill
if it were required to award 90% of its fund-
ing to private companies, with no more
than 10% spent in-house for administrative
costs, project review and coordination, and
R&D. In order to improve the efliciency ol
the organization, its employees should not
be included in the Civil Service system,
especially in view ol the intent 1o move the
Corporation out of the federal government
and into the private sector alter a lew years.,
In order to minimize the problems ol
entrenched bureaucracies, a “sunset” clause
should be added to the Bill, terminating
the Space Industrialization Corporation
not more than twenty alter is
formation.

In order to allow space industrialization
to grow as rapidly as it can, without ceil-
ings imposed by politically determined
impoundments, |
believe it would be most desirable to auth-
orize the Space Industnalization Corpora-
tion to issue long-term

vears

appropriations  and

“space  bonds”

Uncertainty about the antici-
pated revenues in the event of
success is a major factor in the
present assessment of space
manufacturing as “‘too risky.’

backed by the full faith and credit of the
U.S. Treasury. Given the requirement ol
full repayment of S.1.C. loans, and given
reasonable judgment by S.LCL in the selec-
tion of its investments, the actual subsidy
involved in the form ol loan defaults
would be quite modest. Once S.1.C. has
moved over into the private sector, it could
continue to obtain funding by selling cor-
porate bonds in the same manner, albeir
without federal subsidy.

I hn[n'llll'nt‘snggt'kliull\ will prove |l('|]r
ful. T am most concerned that, whateve

institutional  arrangement  results rom

these considerations, it should be designed
for success from the very start. T further
hope that increasing the benelits ol success
will be considered a more desirable way to
reduce risks than merely decreasing the
pain ol failure. Pain is valuable, and
should not always be anesthetized. Posiuve
incentives, I believe, will insure the success
ol space industrialization. D

‘Announcements:

Air and Space
Museum Marks 40
Years of Jet Aviation

Famous pioneers of the jet age will meet
tor the first time at a day-long symposium
on Oct. 26 at the Smithsonian's National
Air and Space Museum.

I'he symposium will mark 40 years of jet
aviation. Participants include:

® Brigadier General Charles “"Chuck™
Yeager, the first person to fly faster than
the speed of sound;

® Air Commodore Sir Frank Whittle,
first to successfully operate a wurbojet
engine;

@ Hans ].P. von Ohamn, developer ol
the engine for the first jet amwrcrali;

® Najech E. Halaby, former head of the
Federal Aviation Administration and Pan
American World Airways; and

® John E. Steiner, “father ol the Boeing
727."

Forty years ago, the firstaireralt powered
by the jer thrust of a gas turbine engine, the
Heinkel He. 178, lifted off the ground at
Marienche Airfield in Germanv., That
historic flight ushered in anew era—the jet
age. Fach speaker at the symposium played
a signilicant role in the development,
production and expansion of jet aviation,

A well-illustrated book containing the
lectures and five additional articles will be
published Oct. 26 by the Smithsonian
Insttunon press. Edited by Waler J.
Boyne and Donald S. Lopez of the
National Air and Space Museum, the book
spans the history of the jet age as recorded
by the people who made it happen. Other
articles are by Anselm Frantz, who [first
developed the axial {low jet engine, and
Gerhard Neaman, who was responsible for
many important engine developments.

The book also contains a significant
collection of historical photographs, many
never  belore  published, as well as a
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comprehensive
sources.

“Forty Years ol Jet Aviatuon: A Sym-
posium” will be held in the Museum’s
theater from 9:00 a.m.-4 p.m. Friday, Oct.
26. All lectures are free and open to the
public.

Included in the
National Air and Space Museum are the
Bell XS-1 (“Glamorous Glennie'), the
plane in which Yeager flew faster than the
speed of sound; the Messerschmitt Me 262,
the first operational jet fighter; and the
Bell XP-59A, the [irst American turbojet
atrplane to fly.

Beginning Sept. 4, the Air and Space
Museum is open seven days a week from
10:00 a.m.-5:30 p.m.

guide to bibliographic

collecion ol the

Antioch
Lecture Series

A lecture series on space exploration and
space colonies is being held this Fall at
Antioch College in Yellow Springs, Ohio.
The lecture  series  leatures  Princeton
Professor of Physics Gerard K. O'Neill
(author of The High Frontier—Human
Colonies in Space), Timothy Leary, and
Peter Vajk (pronounced “vike'), scientist
and author of Doomsday Has Been
Canceled. Other speakers include Barbara
Marx Hubbard, co-founder of the Com-
mittee  for the Stephen
Cheston, president of the Insutute for the
Social Science Study of Space in Washing-
ton, DC, and publisher of the journal “The
Space Humanizaton Series,” the Honora-
ble Edward Finch, ]Jr., chairman, Aero-
space Law Committee of the American Bar
Association and former Special Ambassa-
dor to the United Nations; and Michael
Michaud, author, lecturer, and an employ-
ee of the Department of State.

Anuoch College is the that
pioneered the work/study program, coed
dormitory living, social activist studies
and written evaluations in place ol letter
grades. Fall 1979 marks the first time in its
long history that Antioch will offer a
course and lecture series on the soaal,
political and scientific
space exploration.

Future; Dr.

school

implications ol

Already with a place on the space shuttle

reserved  for  experiments, Antioch s
developing an interdisciplinary program
in space stadies geared especially  for
the social sciences and hu-
from all

disciplines will be partcipating in the

students ol

manities.  Faculty academic
class.
Antioch College is also developing for

its students sp;l('t'-l't'lallt'd juh\ with com-

and instiiutions around the
country. The work/study

Antioch requires students 1o work as well

panies
program ol

as study in order to graduate. These space
related jobs will supplement the hundreds
ol existing employment opportunities
already open o Antioch students,

For further information contact Harrell
Graham, Anuoch College, Yellow Springs,
Ohio 45387 (513) 767-7177.

Errata

No Moon Glass Workshop Summaries—
In the Adugust 1979 L-5 News, an e
entitled “Moon Ghss™ appeared i the

announcements  section  ervoneoush
advertising o workshop sammuny, Fhere
are no o sunmaries avatlable for the “Glass
and Cerimmies Industry m Space Based on
Matenials™ workshop held e the

and Phanetoy Tnstitune.

L
L

New Button Available

© Jut 4,97

7@\ 7l .-V’I.efé.ucf -

\

[
X

Jon Alexandr, designer ol the “Conserve
Earth—Colonize Space”™ bumper sticker,
has now produced a button with a similar
message designed 1o prod people out ol
their normal mode ol thinking.

I he buntons may be punchased by nail
i quantities ol 15 (lor $5.00) or 335 (lon
STO.00) from the Bay Avea Chapterol the l -
5 Sociery. Ovders are particubarly invited
lrom other L5 Chapters and should I
Sent Lo

Bay Area Chapter L5

S1H Henderson Dyive

Richmond, CA 91806

LIS

Il vou voted in the LIS election but
didn’t ger the matling ol July 20, please
write in to the 1-) Society and let us know,
We will reinstate vou on the LIS mailing
|i\!.

Government
Publications

The following books are 1ssued by:
Superintendent of Documents
LS. Government Printing Office
Washington, D.C. 204102

Skylab, Our First Space Station

The vast accomplishments of Skylab are
almost oo profound o grasp. This
publication, through its many color
photographs, follows the three piloted
Skylab missions from launch to reentry,
providing key insights into the human as
well as the technical side ol the program'’s
triumphs.

Skylab base ol
factual data on which to base the design of
future space systems and the planning ol
future operations in space. This volume
narrates that episode of America's history.
1977. 164 p. il. $7.00. To order, write 1o
Superintendent ol Documents
LS. Government Printing Olfice
Washington, D.C. 20402

established a broad

“Careers in Space”
Conference Planned

“Where do T osign up?”
question ol would-be

is o lavorie

SPRce pronecrs,
Poday, however there’s no place wherevou
can just walk i and sign up lor a job in
space. But there’s hope on the horizon.,
With the US space shuttle about 1o begin
regulin Earth-1o-o1bi with the
Sovier Salvur-6 space station’s cosmonauts

SV,

conduc ting space manulacturing
experiments, the European Space Ageney
Spacelah nearly completed and a Japanese
the drawing  boards,

space shuttle on

experts  are predicting hundreds 1o
thousands ol jobs in space will open up in
10-20 ANy

space-related jobs on the ground,

the next vears, with more

What will these jobs be and how do we
get i hine lor them? The 123 Society and
the American Astonautical Sociery e
organizing  a three  day

“Careers an Space™ 1w be

conlerence,
held i San



Francisco in late June 1980 1o help answer
that question.

Topics 1o be covered will include what
careers will be opening up, how and where
to train for these careers, and — most
important — what we can do o push the
New Space Program which is going to
create these jobs in orbit,

The careers in space which interest me are:

space transportation

This conference will provide low cost
housing and food, so you won’t have to be
a fancy executive in order 1o atend. We
plan tutorial sessions (o provide you with a
basic buckground i several career arcas so
vou can better choose your occupation of
the future, Evenings will be reserved lor
fun!

space station/habitat design and construction

power satellites
communications satellites
remolte st'nsing
entertainment

food preparation
agriculiure

other life support

other (please list)

Let us know what vou'd like to get out of
this conlerence. Please send  the
questionnaire below and any additional
comments to:

Careers in Space

¢ o L-5 Sociery
1620 N. Park
Tucson, AZ 85719

materials processing

mining of Moon and asteroids
computers

law

management

mental health

medicine

— business

I would like 1o enjoy the following evening conference activities:

music (what kind?)

dance (what kind?)

exciting lecturers (who?)

other (please list)

I want to push the New Space Program by learning how to:

organize a local L.-5 chapter

conduct community education programs with displays, information booths, lectures, film lestivals, etc.

influence the media

influence politicians

develop private enterprise space activities

initiate a space education program at my local college or high school

other (please list)

My major areas ol interest are

My occupation is

My level of education is

14
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Inside the L-5 Society

The High Frontier
Trading Post

The High Frontiey Trvading Post is an
1.5 membey sevivce: each noncommereral
membey s entitled to ane free ad per year,
nat exceedimg H0 words in .’r'Hl_{h‘t. Fxitra on
longey ads wwill be chavged at a yate of 8 20
pevivord (ov 8430 per square tnch, Please
allevie 34 spesnnthis oy vomir ael toappear. . 1

ey are \Hh;rrf tey echitonial vesueie.

Call Tor Papers: H vou presented a paper it
VAN ASCEL SPS or other student chapter
meetings and would ke 1o be included i
Space Colonies: An Annotared
Bibliogiaphy, send an abstract 1o
Loompanics. PO Box 2610, Mason, MI

IN8O 1.

Cascadia Futuria:
A New Chapter

Futurists i Porthinud, Oregon, el
September 8 1o lorm Cascadia Futora, an
“T'mbrella

thought ol the

Organmizition” o promote

Tutmre and  futarist
activities. Phe Lise activity was 1o lorm 2
local L-3 Sociery chaptey and elect officers,
Futine meetings will be held in Room “E*
at the Multmomah County Central Library,
Portland, Oregon, 14:00 on October 6,
November 5, cond December 1 Also being
organized s an L5 display for the
ORYCON Saience Fienon Convention 1o
be held in Porthand, November 9-11.
Persons wishing  further inlormation
i contact Bryvee Walden, 159335 SE Mall,
Portland. OR 97236, or call the LightLine
(H05) 761-8768 and leave a message, o)
comtact the local L-5 chapter president,
Susan AL Waord, 71 H SW Oleson Road 275,
Portland, OR 97225, (503) 246-1132.

Jody Rawlev: We would like 1o send
vou tnlll|lllll|¢'l'l!.ll\ u’|lit'\. ol the
September News and thanks for vown
article. Burwe have norecord ol voun
address! Please write in 1o the nuan

ollice.— | A

Georgia L-5 Cosponsoring
“Issues for Tomorrow”

The Georgia alfiliation ol the 1.-5
Society is kicking off Fall with cospon-
soring “Issues lor Tomorrow,” the south-
ecastern regional conference of the World
Future Society, being held at the Georgia
State Umiversity Urban Life Center in
Atlanta (announced in August L-5 News).

Barbara Marx Hubbard, 1.-5 Board of
Directors member, will give a plenary
address on Friday morning, October 12,
the first day ol the two-day conlerence.
Konrad Dannenberg, 1.-5 Board member,
will lead an alternoon panel shared by
Richard Brown ol NASA-MFSC in Hunis-
ville, Gerald Driggers of the Southern
Research Institute and Jesco Von Puti-
kamer of NASA Headquarters Advanced
Planning. They will discuss “Space in the
Eighties—and Beyond: The NASA Pro-
gram and Space Industrializavon™ and
will describe the latest program of research
development, and

applications  of the
space shuttle 1o the extent of
planning horizon,

Bill Gardiner, President of the Georgia
I'ech Chapter L-5, will lead a panel shared
by Jack Spurlock and John Carder,
Research

NASA's

Associate Director and Senior

Scientist respectively of Georgia Tech's
Applied Sciences Laboratory; Garry Noves,
of the Environmental Engineering Sci-
ences Department of the University of
Florida; and Ina Jane Wundram, of the
Anthropology Department of Georgia
State University. They will discuss “Space
Settlements:  Reconstruction  Spaceship
Earth,” putting a current focus on the
prospects and problems of constructing
and maintaining closed ecological life
support systems (CELSS) in the space
environment,

Although the standard conlerence fee
increased on September 13 to $40, L-5
Society members registering  alter Sep-
tember 13 may stll pay the conference fee
of $30, spouse lee of $15, and student fee of
$5 by mentioning L-5 News with then
remitance 1o;

Division of Public Service
Registration Office
Georgia State University
University Plaza

Atlanta, Ga. 30303

For more information contact  Bill
Gardiner at (104) 873-6159 or 762-1986.

Georgia Tech Chapter members promote [.-5 alongside the doomed space shuttle
Enterprise. The Enterprise was at a stop-off in Atlanta on its way to California to be

scrapped.



To L-5 Members:

Some questions have been raised about
the functions and overall effectiveness ol
the 1-5 Society local chapters. It seems that
alter the inital steps ol organizing a local
chapter have been overcome, the members
are at a loss as to what to do next. Many
chapters seem to be content to have
meetings among  themselves o discuss
their individual views concerning space
humanization. Does this really serve the
purposes of the society?

I'he L5 Society istight now ata turming
point. In order 1o atract more members,
the quality ol the L-5 News needs 1o be
upgraded. In order o fund upgrading the
L-5 News., L-D membership must increase,
This is where the help ol Tocal chapters is
needed most. -5 members tend 1o assume
that the general public is not lacking
knowledge ol the space program, but
merely the support ol i, Having been a
member ol the general public inthe not oo
distant past, I cannot agree,

The logistics are simple. One cannot
support that of which one has no

knowledge. This is something 1.5 local
chapters can do. First, arm vourselves!
Read up on space colonies so you can
answer questions. Organize yourselves:
have headquarters send  vou  some
promotional  materials, then set up an
information booth in a conspicuous spot
(i shopping mall, cte.). Your presence will
arouse the curtosity ol passers=byv, Tell
them what vou and L-5 are all about.

The present civeulation of the L-5 News
15 close 1o 3600 copies per month, I the
number ol our members were raised 1o 1600
(that's one new member lor every three
currentmembers ), the L-5 News could stan
a program to promote newsstand sales,
Fach issue sold on the newsstands from
that point would convert to areduction ol
production costs. Once circulation is over
10,000 per month, production costs would
drop considerably, (This means the money
could be better spent elsewhere.)

One ol the major complaints about the
L-5 News is the habitual lateness ol
delivery 1o certain parts ol the country. An

increase  in circulation  would  help
alleviate this problem also, I there are ten
or more members who receive their L-5
News at the same Post Oflice,  the
magazines can be bundled ogether and sent
directly to that office. If, on the other hand,
there are only a few members inthe region,
the matl is sent through normal sorting
procedures, and we all know how long that
can take.

Humanization is the kev word, o
people will colonize space. The -5 Society
needs people Tor s support, L=5 national
is constantly seeking wavs to better serve is
members. Ino order 1o provide  more
services, more members are needed. In
order 1o prosper, inorder 1o be more
cliective in not only promoting b
reaching the goal ol the humaniztion ol
sparce, the -0 Society must grow,

Randy Clamons,
Admonstrator

L-5 Society Revenue and Expense Statement

Revenue

July 1, 1979 - August 31, 1979

ICTIS0S

Memberships
Donations - LIS
Donations - General
Merchandise Sales
Contract Services
Miscellancous

Total Revenue

LX)

11,908, 12
193.50
122,65
1,180.26
1.963.39
37470
19,342.92

Excess Revenue Over Expense

Give this membership form to a friend!

General Olhice

L-5 News

Legislative Information
Contract Services
Promotion
Merchandise Expense

Total Expenses
145.85

5,879.20
7.108.58
982.30
1,263, 14
3,772.32
191.53

19, 197.07

L-5 Society Membership Form

NAME:

(please type or print)

ADDRESS:

CITY/STATE/ZIP:

AFFILIATION/TITLE OR POSITION

(OPTIONAL)

lam___ am not ___ interested in being active locally. Phone (optional)
Please enroll me as a member of L-5 Sociely ($20 per year regular, $15 per year for students). A check or money order. is

enclosed. (Membership includes the L-5 News, the monthly magazine of the L-5 Sociely. Subscription of $12/year included in

membership dues).

L.-5 Society members who sign up for the Space Legislation Hot Line option receive frequent first class matlings on the actions of
Congress and the President which affect the space shuttle, space colonies, solar power satellites, space exploration and other space

projects,

1

Sign me up for the Space Legislation Hot Line.

1.-H News. Ocober 1979



L-5: A Place in Space

by T.A. Heppenheimer

I.-5 is the [ifth Lagrangian Libration
point. But what are libration points? They
are locations where a spacecraft may be
placed so as always to remain in the same
position with respect to the Earth and the
Moon.

The French mathematician, Lagrange,
in 1772, showed that there dre five such
points. Three of them lie on a line
connecting the Earth and Moon; these are
L-1, L-2, and L-3. They are unstable; a
body placed there and moved slightly will

L-2, located behind the Moon, is the site of
a catcher vehicle, which collects mass shot
up from the Moon by the mass-driver. The
“2:1 resonant orbit” is also a solution of
the restricted four-body problem (Earth,
Moon, Sun and satellite), as are the
kidney-shaped orbits around L-4 and 1.-5.
The orbit is roseate-like, and can be
thought of as an elliptical orbit which
precesses around the Earth very rapidly,
with a satellite in such an orbit returning
to the same location relative 1o the Earth
and the Moon every two months. Such an
orbit is  relatively swable, requiring
nominal station-keeping, and has the
advantage of a relatvely small “delia-vee™
to transter completed power satellites [rom
manulaciuring  flacility 1o

a  space

tend o move away, though it will not
usually crash directly into the Earth or
Moon. The other two are L-4 and L-5.
They lie at equal distance [rom Earth and
Moon, in the Moon’s orbit, thus lorming
equilateral  wrangles with  Earth  and
Moon. These points are stable. It is a
curious [act that they are stable because the
Moon is only 0.01215 tmes the total mass
ol Earth and Moon wogether, If the Moon
were greater that 0.03852 tmes the otal
mass, L-4 and L-5 would be unstable,

The situation, however, is even maore
complex than this. The Sun is in the
picture and it disturbs  the orbits of
spacecralt and colonies. It turns out (from
an extremely messy calculation done only
in 1968) that with the Sun in the picture, a
colony should be placed not directly at 1.-14
or L-5, but rather in an orbitaround one of
these points. The orbit keeps the colony
about 90,000 central
libration point.

In the colonization project, the colonies
may be located in the vicinity of L-4 or L.-5.

miles  [rom its

geosvnchronous or lower orbits, For this
reason some researchers believe that the 2:1
resonant orbit will be the site of the first
space manufacturing cities, rather than
[.-1 or L-5.

But the issue that has people excited 1s
not what orbit will be chosen but what
could be done there. Space industries in
one ol these orbits could manulacture solar

power satellites (SPS) from lunar o
asteroidal  resowrces,  Fach  SPS  could
deliver 1twice as much low cost,

environmentally sale energy 1o Earth, via
microwaves, as the Grand Coulee Dam,
and forty-five of them could meet the 1otal
present electrical power needs of the U.S.

This would tens ol
thousands ol jobs in space and on Earth
within as short a time as 15 years.

I'he L-5 News once proposed that we
disband in a mass meeting at L-5, but we're
not particular — the 2:1 resonant orbit
would do as well Geting
thousands ol us living and
somewhere in space is our goal.

ACtvity create

tens ol
working

Spread the Word

We ol the 1-0 Society ol New Bern have
found a very ellective method tor spreading
the news ol L4, his method involves only
L-0 buttons and membership Hyers,

Ihe adea s to o wear your L-H hutton no
matter where vou gll;llld Cary ale ML SO
membership flvers (the ones which tell
what 1-5 1s) 1 vour ¢, Wearing the
bution 15 an automatic attention-getier.
Fhe tist thing people will ask is whatis -
57 Explain brietly and ask il they would
Like some literature on the subject: that vou
just happen o have some i vour o, 1
they want 1o see the Tieranne, give them
one ol the membership Hyvers: Even il they
don’t, they have ar least heard ol 1-5, Some
may even become interested  enough 1o
atend one of vour mectings,

I'he beautibal thing about this method is
that 1
someone clse. We have sometimes faced

does not lorce vour wdeas on
open criticism and hostility when tiying 1o
volunteer information. When they popthe
dilfen

opimton, they wend 1o be more polie. We

t[m'klinll and  then from  vou
e not nving o discomrage other wavs ol

achieving L= goals, but vather

cncouraging o owav which requires no
planning, costs almost nill and brings a
Lnge comonnt ol people i contact with the

L.-5 drveam,

Danny Hill
1.-3 Society of New Bern

Letters

By innuendo, not worthy ol a schokarls

publication, the “News Briel™ appeanring
on page 15 of the Seprember L5 edition,
must logically conjure up in the minds of
vour readership some imaginary point
counterpoint ol opposing views on the
dralt Moon Treaty between mysell and S,
Netl Hosenball, the NASA  General
Counsel, In his federal  capacity, M.
osenball s depicred as “countering”
concerns about the Moon Freay registered
by Leigh Ratiner, while Lam portaved, in
my capacity as the NASA-Ames Chiel
Counsel,  as “retorting”  asainst, and
dissenting Irom, the views ol myv agency
SUPHIVISOL,

Lot me clear the aiv e the ouser by
stating that as o lawver, as a0 private
individual, and as anindependen
Moon

reany vnsovmd as o legal instrooment, But

researcher, T oconsider the dvali
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the disagrecments which 1 have expressed,
and comtinue 1o express, about the dral
Moon Treary and s possible fuune
adverse impact upon human nghis and
fundamental hreedoms in space arise lrom
conclusions set forth in prior research ol
mine published by U.C. Berkeley and
Columbia  University, long before any
existed e the TUNL Space
Commitcee on a single dralt Moon Trean
1ext.

CONSCNSUS

In delending my published works as a
legal scholar—and not as a federal oflicial
espousing i position—I have alwavs taken
meastnes o exclude the superlluons Lt ol
my lederal emplovment when responding
to questions. Consequently, when Carolvn
Henson phoned me o lew weeks ago and
asked whether the views and conclusions
ciannatng brome were lor
attrithbution, Toindicated then, as T alwavs
will, that they certnly e 1 did not
enteriin the notion, however, that the L-5
News  would
appear as il they emanated  rom some
imaginany policy debate with my NASA
supervisor, For the record, T have never, at
any  tme, had with M,
Hosenball concerning the Moon Preaty,
nor do I have any involvement, in oy
NASA  emplovment, natten
belove  the  United Space
Clomummtioe

resestnch

rework mv comments 1o

discussions

with  any
Nations

In the comrse ol our conversation, and in
all ol our prior contacts, there was ample
notice that my views and conclusions ol
Law were ollered entirely in my private
capacity and notas a fedeval ofticial. The
Columbia avncle that Tsent in, as aoresult
ol our conversation, makes norelerence 1o
my NASA employment. Al leters wrinen
by me 1o the L-h Sodiety appear on
mdividual stationery. Moreover, specilic
views ol mine registered in o the past and
published in the L-5 News, do not in any
way advert o the Tederal
cmployvment (see June 1978 edition, pp. 12-
1. So 1ihink that my sentiments on this
point had 1o be clearly known.,

In  closing.

Lt ol my

nothing
fuvther 1o be done except for you o print
this leter o alliay any misimpressions
crtertained by vour veaders, and for e 1o

there  remains

apologize 1o Neil Hosenball—non hecause
he is my NASA supervisor but vathe
because he has beena nusted colleangue and
Iriend ol many vears—fon the “cheap shot™

appearng i vour September edinon,
I. Henry Glazer, |.5.D.

San Francisco, CA

In response 1o Ken MoCormick's anticle
“Hhigh Fromtier Polinies™ inthe June issue
ol the L-5 News, I would Like o state than

I8

while SPS construction s certainly the
most atractive plan thar will lead 1o the
permanent human habitation of space, itis
important not o depend  on power
satellites exclusively as a justification for
this goal. In terms of services and industries
that can be conducted in space, SPS is one
ol manv. Teis trae that SPS does have the
greatest potental lor geting homanity
into space on a kge scale, however the
concept also has the highest visk. While
virtually all people agree that SPS s
wechnmically Teasible, many SPS supporters
state that there are questions ol economaic
pracucality sull 10 be answered. This s
why a vigorous program ol research,
development  and  evaluation,  which
Congressman Ronnie Flippo and ALAA
advocate, must be conducted belore any
commitment 1o SPS can be made. The 1-5
Sociery should ke an active role toensue
that the power satellite concept gets the
research funds that icdeserves, but Twould
he disappomted 1o see L3 close its doors il
continued SPS rescarch vesulis i negative
conclusions,

In orvder o maximize the probability ol
achieving  human independence
Earth, it 1s necessiny 1o promote and
cncourage  the doevelopment ol all
profitable space activities, In other words:
don’t putallol vour eggs in the SPS bhasket.
Although orbial manualbactoaring may have
lvom 14 1o 1710 the proln potentul ol
SPS, it is stll an amactive option in the
event that SPS proves 1o be impactical.

Irom

With regands 10 other Eirge-scale space
industries possibly companible 10 SPS,
Brian O'Leary of Princeton University has
stated  that  large orbital  agricultural
Lacilities could become a0 major space
sy in the near Tutares And there is
always  the Tuna and
asteroidal mining and ovbital velining s a
profitable ventre i asell.

William €. Rudoie
Rockport, M.

possibiliny ol

Who is working on the obvious
relationship  between  offshore  oil-field
construction work and space work?

The day-to-day work ol a saturation
diving team is very nearly the equivalent of
the work ol a space work crew. A sat team
lives in a chamber complex for a period ol
some weeks: The team remains pressurized
at the working depth pressure. Teams ol
two divers at a time are ferried 1o the work
at depth in a bell. These divers lock out ol
the bell, one ata time, and work about 1 1o
5 hours apiece.

Their shilt completed, they are ferried
back to the surlace, The bell is mated to the
chamber complex. The lirst two divers
return to the chamber, two more enter the
bell. These two divers now go to work thei

shift.

Work continues in shifts in this manner
24 hours a day until the job is complete,
Generally a team living in the sat complex
consists ol three two-person teams of
working divers, a “sat tender” 10 care [or
equipment, and possibly a medic. Sat
technicians work outside on deck, moni-
toring lile-support, serving meals, etc.

When large-scale projects are construc-
ted in space, the work will probably very
much resemble the acuvity of a sat job.

Il vou know of other people who are
interested in or are working on this
connection, please write to me.

Charles 5. Upp
SR Box 11385
La Quinta, CA 92253

Last February or so, I renewed my mem-
bership with L-5 until next April (1980). 1
also included a rather lengthy note in
which I made some comments and sugges-
tions concerning the Society. The only
response I received was simply a member-
ship card in an envelope. If you don’t feel
that my comments are appropriate, fine;
but I think that T deserve at least an
acknowledgement of my letter, A simple
letter to me would not require much effort
on your part, and it might retain a few
memberships; no one likes to be snubbed.

Richard Schultz
Seabrook, TX

L.-5 members, help! People such as this
often write in—heaps of these letters every
day. Any volunteers to help answer
mal?—CH

I must express my concern over the fact
that cert; members seem
jumping on the anti-nuclear bandwagon.
Nuclear fission is still the and
cheapest Large-scale  energy  conversion
system, Harrisburg notwithstanding, and
those technical problems it undoubtedly
has are likely 1o be far more tractable than
those we will run into with solar power
satellites (SPS). As to social constraints . . .
well, SPS is as vulnerable 1o phony
statisties and scare headlines as nuclear
lission.  Our  emphasis should be in
developing SPS as a cheaper energy source
than any competing one:  technically
better, not just socially more acceptable,
Besides, an energy-rich society is far more
likely to invest in space than an artihicially

1 L5 1o be

salest

CNergy poor one,

John R. Aynesworth
Shevman, TX
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