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rthur C Clarke, arguably the most famous

science fiction author in history, has written

several novels whose storylines have
excellently depicted some of the concepts dealt

with in Astrobiology: The Living Universe. We'll be
discussing in particular three of Clarke's novels.

2001: A Space Odyssey

Undoubtedly his most famous work, Arthur C
Clarke wove into the compelling storyline a number
of scientific technologies whose importance is only
too apparent when we consider long-term space
exploration.

The Hammer of God

One of his more recent works, The Hammer of God
sees humanity trying to deal with an asteroid that is
on a collision course with Earth - in a completely
realistic fashion, naturally. Read about asteroids
and how to stop them.

The Fountains of Paradise

The space elevator concept that is much beloved of
science fiction writers first emerged in The
Fountains of Paradise - although it must be noted
that Arthur C Clarke did not come up with the idea
himself. We find Starglider much more interesting
though...

2001: A Space Odyssey

There are two elements in particular that stand out
as being scientifically sound in 2001 - artificial
gravity and human hibernation.

Space Station Five is the orbiting space station that
we first encounter in the novel - composed of two
rings placed on top of each other and connected by
a central hub and radial spokes, the space station
has a diameter of several hundred meters and
creates artificial gravity by rotating about its central
axis - the resulting centripetal force makes people
on the outer ring 'stick' to the ground at Earth
gravity.

There are two important
factors - radius of the spin,
and rotation speed

Going into the physics of this, there are two factors
that are interrelated in producing artificial gravity -
the radius of the spin and the rotation speed. The
faster the rotation or the greater the radius of the
spin, the higher the gravity will be. Consequently,
you would imagine that you would not necessarily
have to have a very large space station (as Space
Station Five is) to have Earth gravity - you could
just have a small space station (that is, one with a
short radius) and spin it faster.

Unfortunately this does not work in practice. When
you spin an object such as a space station, you
create coriolis forces which is basically a force that
makes you want to travel in the direction of the spin
- so walking along the ring in the direction of the
spin is fine, but if you tried to walk sideways you
would become dizzy. With a slow rotation of the
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space station, coriolis effects are negligable and are
not noticeable, but as you increase the rotation
movement becomes uncomfortable.

Studies have shown that rotations of 2 rpm and
below can be tolerated by humans relatively well -
anything faster and you have serious problems of
dizziness. If you have a rotation of 2 rpm and want
the equivalent of Earth gravity on the outer space
station ring, then the radius of the space station will
have to be approximately 223 metres long - and it
appears that Space Station Five has a radius
roughly corresponding to that, and a rotation
roughly corresponding to 2 rpm, so it is completely
scientifically sound.

The gravity ring on
Discovery One is
completely impractical
(although cinematically
beautiful)

Points to consider: The amount of material and
construction required in building something such as
Space Station Five - a space station with a radius of
223 metres, a docking port, two rings, a central hub
and radiating spokes, is presently inconceivable,
especially if all of it is done merely to build a space
station large enough to sustain Earth-equivalent
artificial gravity with minimal discomfort. As is
described in Artificial Gravity, a far more
economical solution would be to use build a habitat
and a counterweight (or perhaps two habitats),
connect them via a tether and spin them up to the
requisite rotation speed. In this way, a very long
tether can be used so only a slow rotation period is
required (and thus any discomfort is reduced).
Additionally, the amount of construction material is
much reduced.

Recommended Reading: Space Stations

As opposed to the realistic depiction of artificial
gravity in Space Station Five, the gravity ring on
Discovery One is completely impractical. It has a
rotation period far greater than 2 rpm and its radius
does not exceed 20 metres. Conseqently, coriolis
effects would be extremely strong and any
astronauts would have great difficulty in moving
anywhere except along the path of rotation.

Not only that, but another problem is apparent -
gravity gradients. When you have something
rotating (such as the gravity ring), as you move out
along the radius of the spin, you will experience
gradually increasing levels of gravity. On a space
station that has a radius of 223 metres, the
difference in gravity at 223 metres out (foot height)
and 221 metres out (head height) is negligable.
However, on a gravity ring that has a radius of (say)
20 metres, the different in gravity at 20 metres out
and 18 metres out is significant enough to cause
literally lightheadedness since the gravity at head
height will be less than that of the gravity at foot
height.

And so Frank Poole and David Bowman would
undoubtedly have a serious problem in the gravity
ring - motion sickness and lightheadedness.

It is interesting to ask the question - why do we
bother with artificial gravity when we know that
humans can survive in weightless (zero-G)
conditions? The answer to this can be found in
Physiological Effects of Weightlessness and
Countermeasures against Zero-G. As is discussed
in those two articles, humans do not cope with
weightlessness very well at all, suffering from
muscular atrophy and bone loss among other
disorders. These problems can admittedly be
alleviated by exercise, but they cannot be
eliminated and recent studies have shown that cells
growing in zero-gravity simply do not grow properly
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since they are not exposed to gravity and the
cellular 'scaffolding' cannot align properly. Thus, in
the interests of health and comfort, it seems
inevitable that any long-term or advanced space
travel or stations will employ artificial gravity using
rotating sections.

Read more about artificial gravity in science fiction
in Kim Stanley Robinson: The Ares.

Human Hibernation

On their long journey to Jupiter, Frank Poole and
David Bowman are placed in hibernation. Why, and
how?

Why: If the two astronauts were awake and active
for the time that it took them to get to Jupiter, a
whole host of problems would present themselves.
First, you have to keep them alive - this requires air,
water, and food, all of which take up valuable mass
and space on the spacecraft. Secondly, you have to
keep them happy and sane - this means that you
have to give them meaningful jobs and activities to
do on the journey, and also keep them in constant
contact with Earth. This would prove to be very
difficult on a ship with only two people.

All of these problems could be eliminated by
sending the astronauts to sleep for the entire
journey - that is, place them in a state of
hibernation. This would consequently save space
and mass on the ship and stop mission control from
worrying about how to keep them happy.

How: Only recently has it been discovered exactly
how hibernation is achieved in small mammals at
the genetic and molecular level, and so how we
might stimulate it in humans. This is discussed in
Human Hibernation.

The Hammer of God

In 2109, an asteroid is discovered on a collision
course with Earth, and a nuclear powered ship
named Goliath is immediately sent to intercept and
deflect it. What we'll be discussing here is exactly
how likely it is for such an asteroid to hit Earth, and
what implications it would have to other fields.

In The Hammer of God, the asteroid in question is
called Kali - its maximum length is 1295 metres and
its minimum width is 656 metres. With a mass of
two billion tonnes, Kali is large enough to cause a
K/T event when it hits Earth - it would be the
equivalent of the asteroid that hit Earth 65 million
years ago and wiped out the dinosaurs (incidentally,
K/T stands for Cretaceous/Tertiary - the two
periods that straddled the impact event).

K/T events occur roughly
once every 100 million
years

According to a study carried out by NASA (ref:
Nature Vol. 403, No. 6766, "A reduced estimate of
the number of kilomete-sized near-Earth asteroids,"
David Rabinowitz; Eleanor Helin; Kenneth
Lawrence; Steven Pravdo.) impacts that occur on
the scale of the K/T event happen roughly every
100 million years - in other words, not very often,
and not likely to happen any time soon.
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How would such an asteroid, if detected, be
deflected?

Well, there are two options. The most popular
among the movie industry is simply to blow the
asteroid up using nuclear weapons, generally
splitting it in half. There is a fatal flaw with this
problem - another study carried out by NASA (ref:
Nature Vol. 393, No. 6684, "Planetary science:
Making and braking asteroids," Alan W. Harris)
states that asteroids are not solid bodies but mainly
loose agglomerations of material held together by
gravity - a little like a floating rubble pile.

Exploding a nuclear bomb inside such an asteroid
would have completely unpredictable effects and
could even worsen the problem. In fact, even
exploding a bomb outside of an asteroid, to deflect
it, would still create many problems.

It so happens that Kali is a solid body, so it is a little
easier to deal with. In the Hammer of God, no
nuclear weapons are used, but a mass driver, the
Goliath, is used to apply a gentle but constant
pressure on the asteroid. The amount of force
required to deflect the asteroid is known as the
delta-V - that is, the change in velocity that has to
be made to the asteroid (bear in mind that velocity
is a vector quantity - it doesn't just describe speed
but also direction, so when you make a delta-V
correct to an asteroid, you might not be changing
its speed, but just changing its direction).

Why bother intercepting the asteroid early?

The closer the asteroid is to Earth, the more you
have to change its velocity, so if you intercept the
asteroid when it is far away, the change in velocity
you have to make will be much less. Think about it
this way - if you intercepted the asteroid at around
the orbit of Saturn, you only have to give it a
(relatively) small nudge to get it to miss Earth by a

comfortable margin of a few thousand kilometres.
But if you intercept it extremely late, say, at the
orbit of the Moon around Earth, you'll have to push
it tremendously hard to get it out of the way in time.
And since the asteroid is two billion tonnes in The
Hammer of God, it is hardly surprising that they
want to intercept it early instead. So while the mass
driver on Goliath that does the 'pushing' on Kali can
only exert a very small force on the huge bulk of the
asteroid, it can exert that force for months,
resulting in the cumulative effect of 'pushing' it out
of the way of Earth.

When deflecting a 'rubble-
pile' asteroid, you have to
exert less force than its
escape velocity

Wait a second - we mentioned that luckily Kali is a
solid body, or else they would have problems
deflecting it. What if it wasn't a solid body, but a
rubble pile as we described before? In that case,
you wouldn't be able to use a mass driver like
Goliath, since it would only be able to act upon one
of the rocks among the entire pile. Instead,
strangely enough, a nuclear weapon is effective
now, but only a small nuclear weapon. Since gravity
is the only force holding this rubble-pile asteroid
together, you can only exert a force less than the
asteroid's escape velocity - because if you exert a
greater force, then parts of the rubble pile will
overcome the asteroid's gravity and fly away to
cause more trouble.

So as long as your nuclear explosion exerts a net
force on the asteroid less than its escape velocity,
you can deflect it. Unfortunately, for an asteroid the
size on Kali, its escape velocity is one metre per
second, so that's as much as you can change its
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velocity. Consequently, if you can only exert that
amount of force, you'll have to intercept the
asteroid early - and so this is another argument
towards that end.

How does an asteroid impact matter in the
wider scheme of things (apart from wiping
out all civilization on Earth)?

Well, as discussed in the Life Islands theory,
asteroid impacts among other things could be
responsible for the mysterious lack of signals from
the SETI programme (which is also covered in more
detail in the linked page).

The Fountains of Paradise

In this Hugo Award winning story by Arthur C
Clarke, two themes are dealt with - the construction
of a space elevator (also known as an 'orbital
tower') and an alien interstellar probe called
'Starglider'.

While we'll be talking about the latter in greater
detail, it does have to be mentioned that the main
purpose of a space elevator - essentially, a 36,000
kilometer high elevator that stretches up from the
surface of the Earth into space and is anchored at
the ground and by an asteroid - is to reduce the
exorbitant cost of moving cargo into space. It would
be thousands of times cheaper to use a space
elevator to lift cargo up into orbit than the Space
Shuttle since the ascending 'lifts' on the elevator
can be powered by electricity, and they can also
have the greater part of their energy supplied by
the energy generated by descending lifts. The
problem of moving cargo into space, and
commercial space utilization in general, is discussed
in Selling Space and Paying for Mars.

The 'Starglider' is an autonomous, unmanned
interstellar space probe sent by aliens 52 light
years away; essentially a solar sail, it represents a
particularly realistic portrayal of what a 'real'
interstellar probe might be like. As is discussed in
Interstellar Probes, if you want to launch an
interstellar probe (a probe that will travel to other
stars) it is far more efficient to make it unmanned -
after all, if you take humans along you have to take
care of them for however long the journey takes,
and even if you utilised hibernation technologies the
extra mass and complexity involved would be
significant. Far better to leave the craft unmanned
so you would not have to worry about the well being
on anyone on board.
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A solar sail is only one of the options for interstellar
craft - other options include utilizing nuclear fusion
or antimatter reactions to power the engines. There
are two problems with this - firstly, we cannot as
yet sustain nuclear fusion or antimatter reactions on
a scale large enough to power a spacecraft -
moreso with the latter. Secondly, both options
would mean that the craft would necessarily have to
take its propellant along with it, and the more
propellant you take, the heavier the spacecraft
becomes and more propellant you need to move the
propellant itself.

Therefore, the primary advantage of a solar sail is
that it would not have to take its propellant along
with it. A solar sail is basically a very large and thin
reflective sheet that is accelerated by the pressure
of light (light exerts a pressure on everything, but
since we are so heavy and the natural light from the
sun hitting us is comparatively weak, humans can
hardly detect the pressure with our most precise
instruments at all). If you aimed a high-powered
laser or microwave beam at such a sail, the
pressure of the light photons would cause it to
accelerate extremely fast. Scientists at the NASA
Jet Propulsion Laboratories are planning to launch
the 'Interstellar Probe' - a solar sail 500 metres wide
- in 2010. At first, it would appear to hang in space,
but slowly the pressure of light coming from the sun
would cause it to accelerate so eventually it would
be travelling at 90 km/second.

Even more ambitious is a plan to use microwave
transmitters to blast light at a sail, heat it up to
2000°C and eventually accelerate it to 10% of the
speed of light. Once again, Arthur C Clarke has
proved remarkably prescient in his ideas of
interstellar probes - and it was published over 20
years ago.
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