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Men and materials arrive in the winged rocket and take "space taxis" to wheel-shaped space station at right. Men wear pressurized suits

CROSSING
THE LAST
FRONTIER

By DR. W E R N H E R von BRAUN
Technical Director, Army Ordnance Guided Missiles
Development Group, Huntsville, Alabama

Scientists and engineers now know how to build
a station in space tJiat would circle the earth
1,075 miles u p . The j o b would take 1 0 years,
and cost twice as much as the atom bomb. If we
do it, we can not only preserve the peace but
we can take a long step toward uniting mankind
Collier's for March 22, 1952
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earth itself has turned meanwhile—^pass over
the West Coast two hours later. In the course of
that one revolution it would have been north as
far as Nome, Alaska, and south almost to Little
America on the Antarctic Continent. At 10:00
A.M. the next day, it would appear once again over
the East Coast.
Despite the vast territory thus covered, selected
spots on the earth could receive pinpoint examination. For example, troop maneuvers, planes being
readied on the flight deck of an aircraft carrier,
or bombers forming into groups over an airfield
will be clearly discernible. Because of the telescopic eyes and cameras of the space station, it
will be almost impossible for any nation to hide
warlike preparations for any length of time.

mediately, and could keep going at top speed, the
whole program would take about 10 years. The estimated cost would be $4,000,000,000—about
twice the cost of developing the atomic bomb, but
less than one quarter the price of military materials
ordered by the Defense Department during the
last half of 1951.
Our first need would be a huge rocket capable
of carrying a crew and some 30 or 40 tons of cargo
into the "two-hour" orbit. This can be built. To
understand how, we again use the modern gun as
an example.
A shell swiftly attains a certain speed within the
gun barrel, then merely coasts through a curved
path toward its target. A long-range rocket also
requires its initial speed during a comparatively
short time, then is carried by momentum.
For example, the V-2 rocket in a 200-mile flight
is under power for only 65 seconds, during which
it travels 20 miles. At the end of this 65-second
period of propulsion it reaches a cut-off speed of
3,600 miles per hour; it coasts the remaining 180
miles. Logically, therefore, if we want to step up
the range of a rocket, we must increase its speed
during the period of powered flight. If we could
step up its cut-off speed to 8,280 miles per hour, it
would travel 1,000 miles.
To make a shell hit its target, the gun barrel
has to be elevated and pointed in the proper direction. If the barrel were pointed straight up into
the sky, the shell would climb to a certain altitude
and then simply fall back, landing quite close to
the gun. Exactly the same thing happens when
a rocket is fired vertically. But to make the rocket
reach a cjistant target after its vertical take-off, it
must be tilted after it reaches a certain height
above the ground. In rockets capable of carrying a
crew and cargo, the tilting would be done by
swivel-mounted rocket motors, which, by blasting
sideways, would cause the rocket to veer.

These things we know from high-altitude photographs and astronomical studies: to the naked eye,
the earth, more than 1,000 miles below, wUl
appear as a gigantic, glowing globe. It will be an
awe-inspiring sight. On the earth's "day" side, the
space station's crew will see glaring white patches
of overcast reflecting the light of the sun. The
continents will stand out in shades of gray and
brown bordering the brilliant blue of the seas.
North America will look like a great patchwork
of brown, gray and green reaching all the way to
the snow-covered Rockies. And one polar cap—
whichever happens to be enjoying summer at the
time—will show as a blinding white, too brilliant
to look at with the naked eye.
On the earth's "night" side, the world's cities will
be clearly visible as twinkling points of light. Surrounded by the hazy aura of its atmosphere—that
great ocean of air in which we live—the earth wUl
be framed by the absolute black of space.
Development of the space station is as inevitable
as the rising of the sun; man has already poked his
nose into space and he is not likely to pull it back.
On the 14th of September, 1944, a German V-2
rocket, launched from a small island in the Baltic,
soared to a peak altitude of 109 miles. Two years
later, on December 17, 1946, another V-2, fired
at the Army Ordnance's White Sands Proving
Ground, New Mexico, reached a height of 114
miles—more than five times the highest altitude
ever attained by a meteorological sounding balloon.
And on the 24th of February, 1949, a "two-stage
rocket" (a small rocket named the "WAC Corporal," fired from the nose of a V-2 acting as carrier or "first stage") soared up to a height of 250
miles—roughly the distance between New York
and Washington, but straight up!
These projectiles utilize the same principle of
propulsion as the jet airplane. It is based on Isaac
Newton's third law of motion, which can be stated
this way: for every action there must be a reaction
of equal force, but in the opposite direction. A
good example is the firing of a bullet from a rifle.
When you pull the trigger and the bullet speeds out
of the barrel, there is a recoil which slams the rifle
butt back against your shoulder. If the rifle were
lighter and the explosion of the cartridge more
powerful, the gun might go flying over your shoulder for a considerable distance.
This is the way a rocket works. The body of
the rocket is like the rifle barrel; the gases ejected/
from its tail are like the bullet. And the power of
a rocket is measured not in horsepower, but inj
pounds or tons of recoil—called "thrust." Because\
it depends on the recoil principle, this method of
propulsion does not require air.
/
There is nothing mysterious about making use!
of this principle as the first step toward making ourl
space station a reality. On the basis of present
engineering knowledge, only a determined effort!
and the money to back it up are required. And \
if we don't do it, another nation—^possibly less j
peace-minded—will. If we were to begin it im—^

Employing this method, at a cut-off speed of 17,460 miles per hour, a rocket would coast halfway
around the globe before striking ground. And by
boosting to just a little higher cut-off speed—4.86
miles per second or 17,500 miles per hour—its
coasting path, after the power had been cut off,
would match the curvature of the earth. The rocket
would actually be "falling around the earth," because its speed and the earth's gravitational pull
would balance exactly.
It would never faU back to the ground, for it
would now be an artificial satellite, circling according to the same laws that govern the moon's
path about the earth.
Making it do this would require delicate timing
—but when you think of the split-second predictions of the eclipses, you will grant that there can
hardly be any branch of natural science more
accurate than the one dealing with the motion of
heavenly bodies.
Will it be possible to attain this fantastic speed
of 17,500 miles per hour necessary to reach our
chosen two-hour orbit? This is almost five times
as fast as the V-2. Of course, we can replace the
V-2's alcohol and liquid oxygen by more powerful
propellants, and even, by improving the design,
reduce the rocket's dead weight and thereby boost
the speed by some 40 or 50 per cent; but we would
still have a long way to go.
The WAC Corporal, starting from the nose of
a V-2 and climbing to 250 miles, has shown us
what we must do if we want to step up drastically the speed of a rocket. The WAC started
its own rocket motor the moment the V-2 carrying it had reached its maximum speed. It thereby
added its own speed to that already achieved
by the first stage. As mentioned earlier, such
a piggyback arrangement is called a "two-stage
rocket"; and by putting a two-stage rocket on

Scale drawings at left show how the space
station, depicted by the tiny ring at top of each
sketch, will circle the earth. Actually, the
man-made satellite, in the 1,075-mile orbit
selected as the most desirable, will go around
the world every two hours. The four drawings
indicate, from top to bottom, time intervals of

four hours; during each, the satellite will
have made two revolutions. Thus, as the globe
turns beneath them, occupants of the station
will view every spot on the earth during a
24-hour span. At right is Von Braun's rocket
ship design. Tall as a 24-story building, it will
weigh 7,000 tons and have a 65-foot base

DRAWINGS BY ROLF KLEP
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another, still larger, booster, we get a three-stage
rocket. A three-stage rocket, then, could treble
the speed attainable by one rocket stage alone
(which would give it enough speed to become a
satellite).
In fact, it could do even better. The three-stage
rocket may be considered as a rocket with three
sets of motors; after the first set has given its utmost, and has expired, it is jettisoned—and so is
the second set, in its turn. The third stage, or
nose, of the rocket continues on its way, relieved
of all that excess weight.
Besides the loss of the first two stages, other
factors make the rocket's journey easier the higher
it goes. First, the atmosphere is dense, and tends
to hinder the passage of the rocket; once past it,
the going is faster. Second, the rocket motors operate more efficiently in the rarefied upper layers of
the atmosphere. Third, after passing through the
densest portion of the atmosphere, the rocket no
longer need climb vertically.
Imagine the size of this huge three-stage rocket
ship: it stands 265 feet tall, approximately the
height of a 24-story office building. Its base measures 65 feet in diameter. And the over-all weight
of this monster rocket ship is 14,000,000 pounds,
or 7,000 tons—about the same wei^t as a light
destroyer.
Its three huge power plants are driven by a combination of nitric acid and hydrazine, the latter
being a liquid compound of nitrogen and hydrogen, somewhat resembling its better-known cousin,
ammonia. These propellants are fed into the rocket
motors by means of turbopumps.
Fifty-one rocket motors, pushing with a combined thrust of 14,000 tons, power the first stage
(tail section). These motors consume a total of
5,250 tons of propellants in the incredibly short
time of 84 seconds. Thus, in less than a minute
and a half, the rocket loses 75 per cent of its total
original weight!
The second stage (middle section), mounted on
top of the first, has 34 rocket motors with a total
thrust of 1,750 tons, and burns 770 tons of propellants. It operates for only 124 seconds.
The third and final stage (nose section)—carrying the crew, equipment and pay load—^has five
rocket motors with a combined thrust of 220 tons.

This "body" or cabin stage of the rocket ship carries 90 tons of propellants, including ample reserves for the return trip to earth. In addition,
it is capable of carrying a cargo or pay load of
about 36 tons into our two-hour orbit 1,075 miles
above sea level. (Also, in expectation of the return
trip, the nose section will have wings something
like an airplane's. They will be used only during the
descent, after re-entering the earth's atmosphere.)
Years before the actual take-off, smaller rocket
ships, called instrument carriers, will have been
sent up to the two-hour orbit. They will circle
there, sending back information by the same electronic method already in use with current rockets.
Based on the data thus obtained, scientists, astronomers, and engineers, along with experts from the
armed forces, will plan the complete development
of the huge cargo-carrying rocket ship.
The choice of the take-off site poses another
problem. Because of the vast amount of auxiliary
equipment—such as fuel storage tanks and machine
shops, and other items like radio, radar, astronomical and meteorological stations—an extensive area
is required. Furthermore, it is essential, for reasons which will be explained later, that the rocket
ship fly over the ocean during the early part of the
flight. The tiny U.S. possession known as Johnston
Island, in the Pacific, or the Air Force Proving
Ground at Cocoa, Florida, are presently considered by the experts to be suitable sites.
At the launching area, the heavy rocket ship is
assembled on a great platform. Then the platform
is wheeled into place over a tunnel-like "jet deflector" which drains off the fiery gases of the first
stage's rocket motors. Finally, with a mighty roar
which is heard many miles away, the rocket ship
slowly takes off—so slowly, in fact, that in the
first second it travels less than 15 feet. Gradually,
however, it begins to pick up speed, and 20 seconds
later it has disappeared into the clouds.
Because of the terrific acceleration which will be
experienced one minute later, the crew—located,
of course, in the nose—will be lying flat in "contour" chairs at take-off, facing up. Throughout the
whole of its flight to the two-hour orbit, the rocket
is under the control of. an automatic gyropilot. The
timing of its flight and the various maneuvers
which take place have to be so precise that only a
machine can be trusted to do the job.
After a short interval, the automatic pilot tilts
the rocket into a shallow path. By 84 seconds after
take-off, when the fuels of the first stage (tail section) are nearly exhausted, the rocket ship is
climbing at a gentle angle of 20.5 degrees.
When it reaches an altitude of 24.9 miles it will
have a speed of 1.46 miles per second, or 5,256
miles per hour. To enab)e the upper stages to
break away from the tail or first stage, the tail's
power has to be throttled down to almost zero.
The motors of the second stage now begin to
operate, and the connection between the nowuseless first stage and the rest of the rocket ship is
severed. The tail section drops behind, while the
two upper stages of the rocket ship forge ahead.
After the separation, a ring-shaped ribbon para-
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chute, made of fine steel wire mesh, is automatically released by the first stage. This chute has
a diameter of 217 feet and gradually it slows down
the tail section. But under its own momentum, this
empty hull continues to climb, reaching a height of
40 miles before slowly descending. It is because
the tail section could be irreparably damaged if it
struck solid ground (and might be dangerous, besides) that the initial part of the trip must be over
the sea. After the first stage lands in the water, it is
collected and brought back to the launching site.
The same procedure is repeated 124 seconds
later. The second stage (middle section) is dropped
into the ocean. The rocket ship by this time has attained an altitude of 40 miles and is 332 miles from
the take-off site. It also has reached a tremendous
speed—14,364 miles per hour.
Now the third and last stage—^the nose section
or cabin-equipped space ship proper—proceeds
under the power of its own rocket motors. Just 84
seconds after the dropping of the second stage, the
rocket ship, now moving at 18,468 miles per hour,
reaches a height of 63.3 miles above the earth.
At this point we must recall the comparison between the rocket and the coasting rifle shell to understand what occurs. The moment the rocket
reaches a speed of 18,468 miles per hour, at an altitude of 63.3 miles, the motors are cut Off, even
though the fuel supply is by no means exhausted.
The rocket ship continues on an unpowered trajectory until it reaches 1,075 miles above the earth.
This is the high point, or "apogee"; in this case it
is exactly halfway around the globe from the cutoff place. The rocket ship is now in the two-hour
orbit where we intend to build the space station.
Just one more maneuver has to be performed,
however. In coasting up from 63.3 miles to 1,075
miles, the rocket ship has been slowed by the
earth's gravitational pull to 14,770 miles per hour.
This is not sufficient to keep the ship in our chosen
orbit. If we do not increase the speed, the craft
will swing back halfway around the earth to the
63.3-mile altitude. Then it would continue on past
the earth until, as it curves around to the other side
of the globe, it would be back at the same apogee,
at the 1,075-mile altitude.
The rocket ship would already be a satellite and
behave like a second moon in the heavens, swinging on its elliptical path over and over for a long
time. One might well ask: Why not be satisfied
with this? The reason is that part of this particular
orbit is in the atmosphere at only 63.3 miles. And
while the air resistance there is very low, iii time it
would cause the rocket ship to fall back to earth.
Our chosen two-hour orbit is one which, at all
points, is exactly 1,075 miles above the earth. The
last maneuver, which stabilizes the rocket ship in
this orbit, is accomplished by turning on the rocket
motors for about 15 seconds. The velocity is thus
increased by 1,030 miles per hour, bringing the
total speed to 15,800 miles per hour. This is the
speed necessary for remaining in the orbit permanently. We have reached our goal.
CoUi«r't for March 22, 1952

An extraordinary fact about the flight from the
earth is this: it has taken only 56 minutes, during
which the rocket ship was powered for only five
minutes.
From our vantage point, 1,075 miles up, the
earth, to the rocket ship's crew, appears to be rotating once every two hours. This apparent fast spin
of the globe is the only indication of the tremendous speed at which the rocket ship is moving. The
earth, of course, still requires a full 24 hours to
complete one revolution on its axis, but the rocket
ship is making 12 revolutions around the earth
during the time the earth makes one.
We now begin to unload the 36 tons of cargo
which we have carried up with us. But how and
where shall we unload the material? There is nothing but the blackness of empty space all around us.
We simply dump it out of the ship. For the
cargo, too, has become a satellite! So have the crew
members. Wearing grotesque-looking pressurized
suits and carrying oxygen for breathing, they can
now leave the rocket ship and float about unsupported.
Just as a man on the ground is not conscious of
the fact that he is moving with the earth around
the sun at the rate of 66,600 miles per hour, so the
men in the space ship are not aware of the fantastic
speed with which they are going around the earth.
Unlike men on the ground, however, the men in
space do not experience any gravitational pull. If
one of them, while working, should drift off into
space, it will be far less serious than slipping off a
scaffold. Drifting off merely means that the man
has acquired a very slight speed in an unforeseen
direction.
He can stop himself in the same manner in which
any speed is increased or stopped in space—by reaction. He might do this, theoretically, by firing
a revolver in the direction of his inadvertent movement. But in actual practice the suit will be

equipped with a small rocket motor. He could also
propel himself by squirting some compressed oxygen from a tank on his back. It is highly probable, however, that each crew member will have a
safety line securing him to the rocket as he works.
The tools he uses will also be secured to him by
lines; otherwise they might float away into space.
The spacemen—for that is what the crew members now are—will begin sorting the equipment
brought up. Floating in strange positions among
structural units and machinery, their work will
proceed in absolute silence, for there is no air to
carry sound. Only when two people are working
on the same piece of material, both actually touching it, will one be able to hear the noises made by
another, because sound is conducted by most materials. They will, however, be able to converse
with built-in "walkie-talkie" radio equipment. The
cargo moves easily; there is no weight, and no
friction. To push it, our crew member need only
turn on his rocket motor (if he shoved a heavy
piece of equipment without rocket power, he might
fly backward!).
Obviously the pay load of our rocket ship—
though equivalent to that of two huge Super Constellations—will not be sufficient to begin construction of the huge, three-decked, 250-foot-wide space
station. Many more loads will be required. Other
rocket ships, all timed to arrive at the same point in
a continuous procession as the work progresses,
will carry up the remainder of the prefabricated
satellite. This will be an expensive proposition.
Each rocket trip will cost more than half a million
dollars for propellants alone. Thus, weight and
shipping space limitations will greatly affect the
specifications of a space station.
In at least one design, the station consists of 20
sections made of flexible nylon-and-plastic fabric.
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Each of these sections is an independent unit which
later, after assembly into a closed ring, will provide
compartmentation similar to that found in submarines. To save shipping space, these sections will
be carried to the orbit in a collapsed condition.
After the "wheel" has been put together and sealed,
it will then be inflated like an automobile tire to
slightly less than normal atmospheric pressure.
This pressure will not only provide a breathable
atmosphere within the ring but will give the whole
structure its necessary rigidity. The atmosphere
will, of course, have to be renewed as the men inside exhaust it.
On solid earth, most of our daily activities are
conditioned by gravity. We put something on a table and it stays there, because the earth attracts it,
pulling it against the table. When we pour a glass
of milk, gravity draws it out of the bottle and we
catch the falling liquid in a glass. In space, however, everything is weightless. And this includes
man.
This odd condition in no way spells danger, at
least for a limited period of time. We experience
weightlessness for short periods when we jump
from a diving board into a pool. To be sure, there
are some medical men who are concerned at the
prospect of permanent weightlessness—not because of any known danger, but because of the unknown possibilities. Most experts discount these
nameless fears.
However, there can be no doubt that permanent
weightlessness might often prove inconvenient.
What we require, therefore, is a "synthetic" gravity
within the space station. And we can produce centrifugal force—which acts as a substitute for gravity—by making the "wheel" slowly spin about its
hub (a part of which can be made stationary).
To the space station proper, we attach a tiny
rocket motor which can produce enough power to
rotate the satellite. Since (Continued on page 11)

PAINTING BY CHESLEY BONESTELl

Skin of rocket ship's third stage (shown over Cape Town, South Africa) glows red hot on return trip. Phenomenon does not occur during ascent
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A self-contained community, this outpost in the sky will provide
all of man's needs, from air conditioning to artificial gravity

?W

HEN man first takes up residence in
space, it will be within the spinning hull
of a wheel-shaped structure, rotating around
the earth much as the moon does. Life will
be cramped and complicated for space dwellers; they will exist under conditions comparable to those on a modern submarine.
This painting, which is scientifically accurate, shows how the spacemen will live and
work inside their whirling station.
The wheel's movement around its hub will
provide centrifugal force as a substitute for
gravity in weightless space; however, this
"synthetic gravity" will not be equal in all
parts of the station, since the amount of spin
will decrease toward the center. Thus, the
topmost of the three decks (the one on the
inside of the wheel) will have the least gravity, and the hub itself will have virtually
none.
At the extreme left of the painting (below), on the top deck, is the communications center, which maintains radio contact
with the earth, with rocket ships in space,
and with the space taxis that carry men from
rocTcet ship to space station. Below the communications room, meteorologists c"hart the
weather for the entire earth; on the lowest
deck at extreme left is a bunk room.
Next door to the communications and
weather sections is the earth observation
center, occupying two decks. On the top
deck is a large movable map on which
"ground zero," the territory the station is
passing over at the moment, is spotted. Immediately below the map is a telescopic enlargement of ground zero. Under this, on
the center deck, are additional telescopic
screens showing other territoiy (figures over
each screen refer to the amount of territory
covered by the picture, not to the apparent
distance away from the scene).
The electronic computer on the top deck,
between the earth observation and celestial
observation centers, solves complicated
mathematical problems. The large screen in
the celestial observation room enables astronomers to study enlarged photographs
taken from the satellite's tiny sister station,
the observatory. The bottom deck contains
a photographic darkroom and part of the
system which recovers and purifies waste
water.
The next section over is devoted to the
handling of cargo. Material arrives from
the hub by elevator, and is distributed from
the loading room in accordance with decisions made by the weight control center,
which is charged with preserving the station's

balance. Fuel storage and air-conditioning
return ducts are located under this area.
The layers of skin enclosing the space station are shown covering part of the loading
area. The outer skin, or meteor bumper, is
attached to the inner skin by studs. The view
ports are of plastic, tinted to guard against
radiation; protective lids are lowered when
the windows are not in use. The two black
squares, which absorb the sun's heat and
warm the satellite, have shutters to control
heat absorption. On the meteor bumper wall
are hook-on rings, to which spacemen tie
lines while outside, to keep from floating
away into space.
The sections beyond the pump room (top
deck) form the heart of the system which
keeps the space station supplied with air.
The air control room regulates air pressures
in the satellite. The components of the air
mixture are determined by chemists in the
air testing laboratory. In the room housing
the air-conditioning machinery, the interior
wall of the space station's inner rim is cut
away to show secondary cables and ducts,
which furnish power, air and the like, when
the main system (right, overhead) fails.
The trough and pipe in the extreme
upper-right corner of the picture are a part
of the satellite's power plant. The trough is
polished to eaten the rays of the sun; the
heat thus obtained is picked up by mercury
in the tube. The mercury, emerging as hot
vapor in the room below, drives a turbogenerator.
Inside the shaft which leads to the satellite's hub is a landing net to assist men in
moving into and out of the gravity-free area.
Since the hub is the center of all entrances,
departures and loadings, it is kept fairly
clear, except for the space station's supply
of pressurized suits. At the top and bottom
of the rotating hub are turrets which can be
turned so space taxis can land in the bellshaped landing berths. The taxi's body seals
the turret shut, and the men move to the
space station proper through air locks.
This drawing, of course, shows only a part
of the space station. Its many other sections
also contain equipment, supplies and living
quarters. Balance must be carefully maintained, with each section painstakingly adjusted to the same weight as the section
diametrically opposite it on the wheel. If this
were not done, the revolving station might
wobble, making the synthetic gravity uneven,
disturbing the delicate measurements of the
scientists within—and weakening the entire
structure dangerously.
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