
Into Space
Spaceflight Vol 47 July 2005

278

Kelvin Long holds a
Master’s degree in
Astrophysics and a
Bachelors’s degree
in Aerospace
Engineering. He is a
former member of
The Parachute
Regiment Volunteer Reserve and is
currently a scientist in the defence
industry. Kelvin has always had an
interest in space flight and is keen to
examine theoretical ideas for
interstellar travel.

One-page Into Space articles offer readers the opportunity to express their ideas and ‘think aloud’
on space topics which they see as important and of interest to others. Contributions of an
appropriate (one-page) length may be sent to the editor at any time and should be accompanied
with a photo of the writer (head and shoulders) and a few lines of personal details.

The dream of space travel has become
realised in recent times, particularly with the
spectacular moon landings of 1969. It had a
profound effect on our world view and the
concept that ‘anything is possible’ has
become embedded in our conscious thought.
In 1915 another spectacular advance in
human intellect occured, Albert Einstein
published The General Theory of Relativity
describing gravity as a manifestation of
spacetime curvature. The implications of this
discovery were enormous and forever
changed how we looked at the universe. The
result, space tells matter how to move, and
matter tells space how to curve. Applications
to black holes and the mathematical study of
cosmological models then became possible.

There are many unexpected applications
to come out of general relativity but one in
particular could alter the future of human
population expansion – outwards, to the
stars. In 1994 Miguel Alcubierre published a
seminal paper. Using general relativity he
designed a metric (coordinate equation) that
resembled a spherical and dynamic warp
bubble in spacetime. Essentially, the idea is
that a spacecraft would be kept inside the
warp bubble sitting at rest with respect to the
interior, whilst the local spacetime in front of
the bubble would contract and spacetime

behind the warp bubble would expand by an
equal amount - a so called bipolar distortion
with the warp bubble moving forward with a
speed determined by the contraction/
expansion rate. This allows the warp bubble
interior (as well as the spacecraft) to be
moved through spacetime faster than the
speed of light as seen from the perspective
of a distant observer – hence the name
Warp Drive.

The ramifications of this idea is that the
dream of interstellar travel has now became
possible and entered the world of academic
research. However, before one gets too
excited a couple of caveats need to be
pointed out. In subsequent papers by other
authors it was estimated that the amount of
negative energy required to form the warp
bubble would be proportional to the warp
bubble radius squared, as well as the warp
bubble velocity squared. So that the larger
the warp bubble or the faster the warp
bubble speed the larger the amount of
negative energy would be required – and it
was a lot. For example a 100 m warp bubble
would require ten to the power of sixty two
joules of negative energy. Similarly, a 1 mm
warp bubble would require ten to the power
of 52 joules of negative energy. Such large
negative energies are ‘physically
unobtainable’ and mass that gives rise to
negative energies is called ‘exotic’ and does
not exist in the universe.

In a later development Van Den Broeck
applied a trivial modification to the Alcubierre

geometry by keeping the surface area of the
warp bubble microscopically small while
simultaneously expanding the spatial volume
inside the bubble. This had the effect of
reducing the negative energy requirement to
ten to the power of 27 joules. This is still
enormous but demonstrates improvement.
Even if you could create a warp drive using
some unknown negative matter source, how
do you distribute a matter field ahead of the
vehicle to get the required spacetime
geometry.

In 1998 Krasnikov proposed that any
modifications to the spacetime for
superluminal speeds should necessarily
occur in the causal future of the ship. That
is, a ‘tube’ that has flat spacetime within but
with opened out light cones, must be laid
along the ships path connecting both the
departure point and arrival point of the
journey along the entire trajectory of the
bubble. Such a tube 1 m long by 1 m wide
would require ten to the power of 58 joules of
negative energy.

Using a similar idea to Van Den Broeck
other authors have introduced an inner tube
within the original Krasnikov tube thus
reducing the negative energy requirement by
a half. All of the spacetime structures so far
mentioned also require wall thicknesses of
order a few Planck lengths (where a Planck
length is the smallest length scale possible
in physics).

Overall the physics constraints on the
warp drive appear to be extremely stringent.
It took several decades for both black holes
and wormholes to be taken seriously by
academics, now hundreds of papers are
published every year on both topics. In the
coming decades more researchers may
decide to seriously examine the warp drive,
as it generally presents one of the most
interesting theoretical physics and
engineering challenges yet encountered by
our civilization. How do you manipulate
spacetime? How do you get negative
energy? Is it possible to locally alter the light
speed barrier? In our quest to answer these
questions we are likely to discover more
about the universe we inhabit and gain a
deeper grasp of this existence we call reality.
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A black-hole-powered jet of electrons and
other sub-atomic particles streaming out
from the centre of the galaxy M87 like a
cosmic searchlight - it took several
decades for black holes to be taken
seriously. ESA/NASA


