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by

SPECIAL SCIENCE FEATURE

Challenge:
From Satellites to a

.jv[enry Koﬂ

Research Engineer

HE SKY HAS NOT changed
greatly over the few thousand
years that men have observed

it. It has not altered much until
this past year. In that year men
looked into the sky with mingled
awe and fear; for the first time in
their history they were seeing some-
thing which had not been there be-
fore, which was man-made, and
which, for better or for worse, was
to alter their role in the universe.
Like the discovery of fire, agricul-
ture, the wheel, the steam engine,
and atomic energy—satellites are
the precursors of men into space.
We have previously discussed the
fantastic power of the gravitational
chain which binds us to this planet
and the equally astonishing power

of the rocket engines which will
liberate us. This article proposes to
consider the first faltering but posi-
tive uses which will be made of the
rocket to construct a stepping stone
from which astronauts will go to
the Moon, the planets of the Solar
System and ultimately—the stars.

The first question is: “What is a
satellite? To what in our experience
does a satellite conform?”

Hitherto a satellite has meant,
“a planetary body which orbits a-
round another planetary body, the
Moon around the Earth, the Earth
around the Sun.” October 4, 1957
changed that however. It is likely
that to most of us, the word “satel-
lite” will stand exclusively for an
artificial object designed to circle



Scientists agree first Space Station will be “wheel-shaped” as above.

the, Earth and which will be thrown
into that position by rocket motors.

In principle the establishment of
a satellite is simple. The satellite,
whether it weighs ten or ten thou-

7

sand pounds, is mounted in the
nose of a rocket. The rocket carries
it to the desired altitude. At that
altitude the rocket tips into a
tangential position with respect to
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a circle of the radius of its height,
accelerates the satellite to a pre-
ordained velocity and then releases
it to course around the Earth while
it, the rocket, returns to Earth.

“In principle” the words had it.
Actually this is an exceedingly dif-
ficult thing to do. Nevertheless it
has been done.

We shall assume only circular
orbits in this article although they
are the most difficult to establish.
They also are the most desirable,
and as we become more sophisticat-
ed in the techniques of rocketry,
they will be the orbits actually
used.

It has been established that for
any altitude above the Earth’s sur-
face outside the Earth’s atmosphere
there is a specific tangential velo-
city which a body must have to
remain in a circular orbit precisely
as a stone swung at the end of a
string remains in a circular orbit
about the swinger provided he sus-
tains its motion at a certain and
requisite velocity.

Figure II shows the relationship
between velocity and altitude above
the Earth’s surface for circular or-
bits. It is merely a plot of v against
r from the formula previously de-
rived, which equates gravitational
force to centrifugal force.

The mechanics of orbits in gravi-
tational fields have been considered.
All we require to know is the rela-

tionship described in Figure II. The
weight of the satellite which can
be placed in a circular orbit is de-
pendent upon the size and power of
the step-rockets which launch it.
Given these instruments, satellites
of any physical size can be con-
structed, piece by piece if necessary.
We shall see later that an inhabited
satellite undoubtedly will be built
in this manner. It is much less
costly in terms of rockets and fuel.

The satellites already established
are modest affairs compared with
what ultimately will be set up, al-
though Sputnik II was astonishing-
ly sophisticated for the time in
which it kept. its canine passenger
alive.

The main reason for establishing
a satellite of any magnitude—and
manned—is to use it as a central
core for the construction of a space
station which in turn will be used
as a jumping-off point for rockets
to the Moon and to the planets.
But before we consider the space
station, let us examine the sequence
of events which will lead to it.

The series of satellites now exist-
ing in their temporary orbits about
the Earth have—and will continue
—sent invaluable information on
the shape of the Earth, the varia-
tion of air density with altitude, the
intensity of cosmic radiation, the
density of meteoric dust, and in-
numerable vital other intelli-
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height above tangential velocity re-
Earth's surface quired for circular orbit

200 miles 16700 miles /hour
4200 * 11850 »
8200 b 9600 e
12200 *° 8450 "
16200 ¢ 7500 "

26200 *° 6080 "
46200 *° 4750 ’”
This. table is computed from the formula
v 3 & R 2
tangential g —
r
which is found by equating the centrifugal force

on a satellite with the gravitational force on it,

Figure 2

gences.

It requires very little more power
and skill to send up a satellite
equipped with a television tranps-
mitter, powered by solar cells, into
a permanent and more nearly cir-
cular orbit than were the original
suptniks. Satellites of this type will
be sent up to various altitudes in-

cluding undoubtedly the altitude of
22,000 miles above the Earth. The
characteristic of this altitude is that
it provides a twenty-four hour or-
bit, coinciding with the period of
the Earth so that the satellite
would remain at one -point fixed
with respect to a point on the
Earth. To an observer on the Earth
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it would be fixed in the sky. Arthur
Clarke points out that a chain of
such satellites could serve as tele-
vision and radio relays capable of
blanketing the Earth—and only a
few would be needed.

Remember that we are still
speaking of wun-manned satellites.

The military aspects of such
satellites are obvious, although it
seems hardly necessary to point out
that the capability of establishing
such a satellite automatically in-
cludes the capability using un-
stoppable intercontinental ballistic
missiles. In the view of many ob-
servers, military considerations of
satellites are not worth discussing
simply because the present state of
rocketry, aircraft and hydrogen
bombs have already made the con-
cept of war as an instrument of
national policy absurd—such a
thing as a war of the World War
II character can mean only the
destruction of most living things
on Earth—victor and vanquished.
Nevertheless, we can think of rock-
ets and satellites in terms of “mas-
sive deterrents” if we like, although
it is hard to imagine the irrational-
ity of war at all in an age of cur-
rent weapons.

Un-manned satellites in perma-
nent orbits, equipped with com-
municating-devices will be then the
nuclei for the establishment of the
space station. Prior to this there

will be short-lived flights of human
beings in semi-permanent satellites,
perhaps for days or weeks. The
animal-carrying satellites will have
already supplied all the necessary
information about the environment
that must be sustained in order to
accommodate other living things.

THE STATE of rocketry is pro-

gressing so rapidly that by the
time this article appears in print,
many of the aspects of satellites we
have been discussing, likely will
be established fact.

A project longer of attainment
but just as certain, is the space
station. This conception which has
a history as old as rocketry, is
the most important idea of all,
after the rocket itself. The reason
for its importance is that it breaks
down the jump into space into
steps. Great stress is laid on the
fact that to shoot a rocket to the
Moon or to Mars, even a multi-
step rocket, is an incredibly diffi-
cult undertaking because the gravi-
tational chain is so powerful. The
space station breaks this chain.

It will be remembered that gravi-
tational force falls off as the square
of the distance. Imagine a satellite
set into an orbit at ten times the
radius of the Earth. With respect
to the Earth’s gravitational field,
gravity has one one-hundredth its
value here of its value at the sur-
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face of the Earth. To project an
object—say a space-ship—into es-
cape velocity to the Moon or to
another planet—say Mars—re-
quires only a trivial additional velo-
city because the Earth’s gravita-
tional field here is essentially noth-
ing. Of course nothing has been
gotten without cost. It still takes
enormous energies and velocities to
lift objects to the space station.
The law of conservation of energy
does not permit us to get some-
thing for nothing. How then does
the space station aid us?

To raise tons and tons of space-
ship in one jump is incredibly dif-
ficult, but if we break down the
space-ship into small packages,
raise them one at a time and then
assemble them at 'some central
point—the space station—the job
is infinitely easier. It is the pur-
pose of the space station to be this
rallying point.

Every bit of mass that is put
into space, either in an orbit or
in escape, must be paid for with
fuel—that fact is inescapable.

Doing this piece-meal is many
times easier than doing it in one
effort. It is precisely the reason
for the step-rocket. A single-stage
rocket for massive satellite work
would be gigantic. A three-step
rocket becomes manageable. Simi-
larly a single jump to the Moon
is very hard. But a jump to the

Moon in two steps, first from the
Earth to an orbiting satellite and
then from the satellite to the Moon
is a reasonable endeavor,

Let us then consider the estab-
lishment of a manned satellite, a
space station.

To begin with let us assume that
a twenty-four hour satellite (height
22,000 miles) has already been lo-
cated in orbit. This fixed det in
the sky, undoubtedly lighted, would
be the star toward which we would
aim our efforts. We can regard
this as being located at a suitable
height for a space station. Escape
velocity for an object from this
altitude would be about 2 miles
per second, a modest speed con-
sidering that escape velocity from
the Earth’s surface is about 7
miles per second.

This unmanned satellite which
will serve as a focal point of the
space station effort would be as
large as it conveniently could be
made since it would eventually be
cannabalized for metal and parts
as the space station evolved. The
object now would be to send up
rocket after rocket, the first few
manned, to intersect the orbit of
the unmanned satellite. Intersec-
tion of course is not enough. The
ascending rockets must match di-
rection and velocity with the satel-
lite. The technicians sent up with
the first rockets would easily be
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able to accomplish this operation
for the accuracies needed are not
insuperable. They could “home”
either on the satellite’s light or its
radio beacon. It is assumed of
course that the state of rocketry
would enable the ascending rockets
to be placed reasonably close to
the satellite. Subsequent manuever-
ings to match velocity and direc-
tion would not be difficult.

Every bit of material sent up to
this focal point would be used.
Except for the one or two ferry
rockets that might return to Earth,
everything ascending skyward—
except the technicians—would be
going one way—spacewards.

In the beginning, the construc-
tion of a space station would re-
mind one of a cosmic junkyard or
a stellar autowrecker’s. Once di-
rections and velocities of cargo
rockets had been matched with the
satellite, the “junkpile” would be a
super-satellite.

Naturally everything related to
this operation would have been
very carefully planned. In princi-
ple again this sounds easy and from
one point of view, would be. But
there would be a myriad of details
to be watched. Every bolt and nut,
every scrap of wire, every can of
food and water would require the
expenditure of an enormous amount
of fuel. Hence, careful planning.

Everyone has seen innummer-

able pictures of this hypothetical
space station. Imaginative.planners
have given it the form of a gigan-
tic bicycle wheel (von Braun) or
the shape of a huge umbrella.

Opinions for the requirements dic-
tating shape may change with time.
There is good reason for consider-
ing the shape of a wheel since ro-
tation—and hence artificial gravity
—could easily be arranged with
this form. Whatever its initial
form, it is not hard to imagine its
growth by a process of accretion.
Since nothing sent up would be
thrown away, after a time the space
station might look like ‘“nothing -on
the Earth—or of it.”

The materials from which it
would be constructed as well as its
mechanical structure might strike
one, accustomed to conventional
engineering practice, as peculiar.
Because gravity need not be con-
tended with, materials could be
flimsy by Earth standards. Wire,
thin sheet metal, impregnated fi-
ber-glass, plastic-film, and mater-
ials of the sort which are good in
tension but not in compression,
would be used. Living quarters
might be distended balloons.

The outlines though, of structure
of this kind are not dim. We can
think of the space station as a
large torus, a spacial doughnut,
compartmented, delicate in struc-
ture, but adequate. A new-comer
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to such a place might be struck by
the abundance of wire, the use
of nets, the ubiquitous antennae.
(See figure I)

The purpose of the satellite is
to serve as a rallying point, a way
station, a depot, a housing project,
for men and space-ships on their
way to the Moon and eventually
to the planets. It would have fuel
storage tanks as well as rooms for
food. It would have elaborate
transmitting and receiving equip-
ment for all radio bands as well
as for television. It would eventual-
ly house a telescope, (infinitely
superior to any on Earth by virtue
of its operation in space, not air)
and of course in time there would
be laboratories of all kinds, for
physical, chemical, biological and
medical research.

An extravagant development like
this would not take place over-
night. Rather its growth would be
over a course of years. Undoubted-
ly more than one such space sta-
tion would be erected.

Remembering that each kilogram
of mass in the satellite represents
thousands of kilograms of chemical
fuel supplied by Earth, it is not
hard to realize what a costly un-
dertaking this would -be. But it
will be done whatever the cost.

All of this activity is predicted,
as was the story of the rocket, on
the use of chemical fuels. But

technology has a way of coming
up with turning points—I’m think-
ing of developments in atomic en-
ergy and hydrogen fusion—which
might ease the costs considerably.

With the exception of the per-
sonnel of the space station and the
ferry rockets, we think of the traf-
fic between the Earth and the
space station as one-way, at least
until men intend to bring with
them samples from the Moon and
planets.

ET US LOOK a little more
closely into the basic needs

of the space station. First, there is
the matter of food, oxygen, and
water. Arthur C. Clarke has point-
ed out that for a crew of twenty-
four men, for a period of one year,
these three vital requirements
would total little more than seventy
tons, a quite reasonable figure. The
techniques provided by the various
“space-medicine” groups assure us
that men could live comfortably
in a “closed-system” given these
supplies. Absorption of carbon di-
oxide from the air, provision of
oxygen by growing plants or by
actual supply from Earth, re-cycl-
ing of body wastes—all these things
are done today on a laboratory
scale or simulated in submarines.
The question of heat of course
has so often been discussed that it
needs no more than mention here.
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A space-ship or space station can
be regarded as a superior vacuum
bottle—temperature control is a
trivial problem.

The other major requirement for
a space station is, naturally, power
—power for communication, light-
ing, perhaps subsidiary heating,
welding, and in general for the
multiplicity of tools and machines
which would be in use, from cigar-
ette lighters to machine tools.

We can imagine that this need
will be met in any of a number of
ways. Until recently, the favored
method suggested was the use of
a solar mirror of large but flimsy
construction which would supply
the heat energy by focusing the
rays of the Sun on a mercury vapor
boiler which in turn would be used
to drive a turbine to power an elec-
tric generator. Theoretically there
is nothing wrong with this idea,
but as has been mentioned, ad-
vances in science come at such a
furious pace, that the idea seems
outdated already.

Photo-electric cells of remark-
able power and efficiency already
are available. By the time the
space station is a reality, these di-
rect convertors of sunlight to elec-
tric power will have been so well
developed that intermediate meth-
ods will be unnecessary.

It is also perfectly feasible that
a small atomic power package

might then be developed, and of
course there is the encouraging
possibility that hydrogen fusion
will be well out of the laboratory
stage.

In a phrase, power for the space
station is no problem at all.

A number of potential dangers
to space station crews must be
considered. Cosmic radiation still
remains somewhat of an unknown
quantity about which satellites are
providing information. It is rea-
sonable to expect that cosmic radia-
tion however will not be an insur-
mountable obstacle.

The statistical study of meteoric
impact has assured us that the
danger of a space station being
struck by a meteor capable of in-
juring the ‘“place” or its crew is
negligibly remote.

While we do not yet know the
full story of “Laika” the inhabi-
tant of Sputnik II, everything that
so far has been learned leads us
to believe that not only can man
endure the state of “free-fall” or
weightlessness, but he can operate
most effectively in it. Air Force
tests have confirmed this also. Our
physiology has nothing inherently
in it which forbids the human
body from functioning without
gravity.

A space station set into its orbit
cannot expect to remain there per-
manently. Perturbations caused by
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the asymmetry of the Earth and
presence of the Moon can be ex-
pected to shift the orbit. Correc-
tions for these effects can easily
be taken care of with small rocket
impulses of the correct thrust, di-
rection and duration. In fact an
automatic system for this purpose
can be devised.

The purely mechanical problems
of matching the velocities and di-
rections of arriving space-ships and
ferry rockets to that of the satel-
lite, the transfer of men and goods,
and other matters of a similar kind,
can be regarded as relatively simp-
le. While it is true that the velo-
city of the satellite will be measur-
ed in thousands of miles per hour,
all that really concerns the pilot
of the arriving space-craft is the
relative velocity between his ves-
sel and the satellite. In some re-
spects, because of the large margin
for error provided by the very vast-
ness of space, attaching to a satel-
lite is simpler than the case of one
jet plane re-fueling another.

Communications between space-
ships and satellites, over the dis-
stances we are speaking of—thou-
sands, tens of thousands, and hun-
dreds of thousands of miles—is a
straight-forward problem in ap-
plied radio and radar techniques.
The power of ordinary present-day
transmitters and the sensitivity of
familiar receivers such as are used

in communications on Earth, are
adequate for the purpose suggested.
The send-reflect of the radar sys-
tem used to make contact with the

Moon is orders of magnitude more
difficult.

ITH A MANNED satellite

in position, the trip to the
Moon and back—and even the
Martian and Venusian round trips
—assume less frightening propor-
tions. Ferry rockets will carry
small quantities of fuel to the satel-
lite, making many trips until the
satellite takes on its major char-
acteristic, that of an orbiting ‘“fuel
dump”’.

Because a ship attached to the
satellite already has acquired most
of the necessary potential energy to
reach escape velocity, a small in-
crease in velocity will then be the
ship’s escape velocity from the alti-
tude of the satellite. In fact the
tangential velocity of the satellite
in its circular orbit, multiplied by
the square root of two is “escape”
velocity for the rocket.

As rocketry and astronautics de-
velop we can also expect to see
the satellite or artificial “space is-
land” idea carried out for the Moon
and for Venus. Mars has an excel-
lent set of satellites in the form of
its moons, Deimos and Phobos, or-
biting around the planet at useful
distances.
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It cannot be emphasized too of-
ten that the use of satellites lies
in making the ‘“steps” to space,
smaller. No matter how you do it,
just as much work must be done
to pass through a gravitational
field in steps as must be done to
do so in one jump. But with the
limitations Nature has imposed on
us in the form of chemical fuels,
the step method enables us to sup-
ply the necessary energy to do
work in this gravitational field in
increments which are small .enough
not to require the construction of
rockets, the mass-ratio of which,
is almost unrealizable.

Perhaps one of the most useful,
if somewhat prosaic aspects of sa-
tellite building, is given by their
suitability as telescope platforms.
Any astronomer would be delight-
ed to eliminate the gigantic column
of .air through which his telescope
must probe. The major limitation
on the modern telescope is that
the light which reaches it must
penetrate the Earth’s dense atmos-
pheric blanket, a shimmering haze
which plays hob with incident light.
In the superb vacuum of space a
telescope which would be regarded
as modest on Earth, would be as
effective as the Palomar giant.

The emphasis given to the tele-
scope located on a satellite comes
from understanding that it is our
primary tool for discovering ma-

crocosmic knowledge of the Uni-
verse. The other end of the scale
can be probed in the microcosmic
laboratories of the nuclear physi-
cist. But study of the Universe re-
quires that light from the depths
of space reach us.

As for the Earth-bound science
of meteorology which is so impor-
tant to each of us, the satellite will
enable that subject to become more
than the scientific guessing game
it is today. Imagine the weather-
man who can study the complete
pattern of cloud formations on the
entire globe spread out before him
as he sits in his comfortable niche
in the Earth-girdling satellite.

The usefulness of the satellite
to the sciences cannot be exaggerat-
ed and we are probably just touch-
ing the fringes of the effects it
will have in those fields.

Studies conducted in satellites
may yield important clues to basic
questions such as “what is life?”
and “what is the nature of the
atom?” We can only speculate on
these potentialities.

It is not inconceivable that the
arts and the humanities will re-
ceive fresh impetus from the satel-
lites. Certainly the human spirit
has never been released so dramati-
cally. What new art forms can ori-
ginate with a person whose view;
point has been so strikingly refur-
bished through a visit to a satellite?
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Dare we imagine a second Renais-
sance?

But no apology is needed for
suggesting that satellites must
come. They are as inevitable as
technological advance itself. What
is hard for many persons to realize
is that unlike any other adventure
of the human spirit, the develop-
ment of these stepping-stones to
interplanetary—and interstellar—

space, is a step forward in°human
progress. It is comparable only to
the greatest landmarks in human
history—the discovery of fire, the
city, agriculture, Grecian mathe-
matics and philosophy, the Renais-
sance, the coneept of freedom, the
Industrial Revolution, or the Ages
of Iron and Atoms. ..

Our conquest of space will re-
shape life on Earth as we know it.




