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The British Interplanetary Society’s mid-
November 2007 symposium on the
concept of the warp drive – a theoretical
propulsion scheme for interstellar travel
- attracted an international group of
speakers to discuss this futuristic topic
and review the developments and
prospects for the future.

Warp drive is a theoretical propulsion
scheme which was first mathematically
formulated in 1994. It allows for the
manipulation of space-time in such a way that
any ship contained within the distortion is able
to travel at superluminal speeds as measured
by distant observers. The academic literature
on the field has become substantial and so the
symposium was a good opportunity to review
progress. The day-long event, which consisted
of seven speakers and a workshop session,
was well attended and attracted considerable
media interest.

Kelvin Long discussed the status of the
warp drive and the technical problems that
have been identified to date. This includes
the prohibitive negative energy requirements
and violation of the energy conditions of
general relativity. He referred to the large
literature on black holes and worm holes,
and the lack of willingness of researchers to
engage in warp drive type concepts, despite
the consistent theoretical and mathematical
basis as a solution to Einstein’s general
relativity.

Jeremy Gardiner gave an interesting
comparison to the Moon landings, and how the
idea had first began within the works of Galileo
in The Starry Messenger published in 1610,
leading up to the successful first Moon landing
of 1969. He used the NASA technology
maturity scale to show how ideas move
through several phases to fruition. This

necessary for the warp drive effect.

Remo Garattini discussed Casimir energy
and its use as a fuel for traversable worm
holes, which have many similarities with
warp drive, although they differ in topology.
He first discussed some of the historical
developments in worm hole theory,
beginning with a paper published by Albert
Einstein in 1935 which mathematically
described two distant regions of space-time
joined through a tunnel (although not the
purpose of the paper). He then described
subsequent developments by Wheeler in
1962 which demonstrated the dynamically
unstable nature of worm holes. He discussed
the traversable worm holes derived by Thorn
and Morris in the 1980s which showed that
such constructs would require massive
amounts of negative energy, but could use
the Casimir effect and vacuum fluctuations
to potentially create stable worm holes.
Garattini then went on to show
mathematically how one could construct a
self consistent worm hole using the semi-
classical Einstein equations.

Pedro Gonzalez-Diaz discussed warp drives
in cosmology and how they behave like an
accelerating universe. He argued that the
size of both worm holes and warp drives
would increase, co-moving to the scale
factor of the universe in its accelerated
expansion, although the shape of the objects
would remain invariant. This process may
convert such objects into macroscopic size
in the distant future. He also discussed how
such objects may violate the chronology
protection conjecture which prevents time
travel and will also violate the quantum
interest conjecture, which states that any
negative energy pulse must be followed by a
larger positive energy pulse.

Kelvin Long introduces a special Spaceflight
feature on ‘warp drive’ with a review of the
British Interplanetary Society's forward-looking
symposium.

Faster than light
Breaking the interstellar distance barrier

includes conjecture, speculation, science,
technology, application and realisation.
Applying the same methodology, Gardiner
argued that the first suggestion of a warp drive
type concept began in John W. Campbell’s
Islands of Space published in 1930 and he
speculated that warp drive would be realised
between the periods 2030-2330.

Claudio Maccone discussed the use of
computer tensor codes to design the warp
drive. He argued that there is a lack of
consistent conventions within general
relativity and quantum field theory which is
hampering progress in spaceflight propulsion
research. This includes the reduction of
constants to unity, the arbitrary choice over
the metric signature, the use of either Greek
or Latin indices, the definition of the
Riemann tensor and the signs found by
contracting to the Ricci tensor. He pointed to
the success of computer tensor codes like
Macsyma, Maxima, Mathematica, Maple,
MathTensor, GRTensorII, Cadabra and
Tensorial Cartan. These codes are likely to
play an even more important role in
understanding concepts such as the warp
drive in the future.

Richard Obousy discussed a novel way for
theoretically creating a warp drive effect,
discussing the cosmological constant and its
role in the expansion of the universe. He
discussed quantum vacuum energy as a
possible origin of the cosmological constant
using ideas from supersymmetry. This was
then linked to the historical work on the Kaluza
Klein theory which attempted to unify
gravitation with electromagnetism by the
introduction of an extra spatial dimension. He
showed how a local adjustment of the
cosmological constant could be used to create
an expansion and contraction of space-time
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A group of colliding galaxies known
as Stephan's Quintet group of

colliding galaxis as seen by the NASA
ESA Hubble Space Telescope.

ESA
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One type of space drive is the so called warp
drive, which uses the structure of space-time
itself as the medium for propulsive
interactions by the expansion and
contraction of space-time around a ship.

The warp drive has now entered the
speculation phase of consideration and many
historical developments have been made. This
is moving science towards a better position
where a proper assessment of its physics
potential as a propulsion scheme for
interstellar travel can be assessed.

The case for warp drive
The technical difficulty facing any space
fairing civilisation which desires to pioneer
space is that the distant stars are so
immensely far away.

The nearest are just over four light years
away and conventional space propulsion
schemes would take well over a hundred
thousand years to get there.

Many schemes have been proposed
historically and some of them achieve
sizable fractions of light speed. These
include concepts such as the laser sail and

A theoretical proposal for interstellar travel

Warp drive
by Kelvin Long

The space drive is an idealised form of propulsion where the fundamental properties
of matter and space-time are used to create propulsive forces anywhere in space
without having to carry or expel a reaction mass consistent with the known laws of
physics.

Mike McCulloch discussed the flyby
anomalies and used a modified version of
Newton’s law of gravity to show how the
inertial mass of an object could be reduced
for low accelerations or long distances and
compared the predictions of his model to the
results of the Galileo, NEAR, Cassini and
Rosetta flyby missions with some success.
He discussed the Unruh effect in which
accelerating observers see a Hawking like
radiation temperature and speculated that
the inertial mass of an object could be
reduced by eliminating Unruh radiation due
to a Hubble scale Casimir like effect. This
work is relevant to the warp drive because it
discusses breakthrough physics concepts
that may shed insight into how the
geometrical warping effect could be realised.
The workshop session consisted of two
parts, the first a discussion session focussed
on five principle questions:

• Is the warp drive proposal a completely
unrealistic method of interstellar travel for
anytime in the future?

•  Are there any other issues that would
prohibit the warp drive which have not
already been identified?

• What are the breakthrough issues in warp
drive theory that will improve its
prospects for the immediate future?

• Can we think of any experiments which
could be performed in the near future
which may shed further insight into the
physics of warp drive theory?

• What can we do to encourage more
academic research into the warp drive
proposal?

It was generally concluded that warp drive
may be realistic one day in the distant future,
but it is difficult to answer this at a time when
our knowledge of physics is incomplete.

The Fermi Paradox was mentioned
frequently, in the context that if any
hypothetical extraterrestrials had warp drive,
where are they? This could suggest warp
drive is not possible to any civilisation no
matter how technologically advanced.

Allowing for experimental probing of warp
drive related physics was seen as a short term
goal towards understanding it better. This
could be performed at the quantum level
where atomic sized worm holes may exist.

Other experiments, such as the Large
Hadron Collider (possible detection of
miniature black holes) and the detection of
gravitational waves could provide vital
insights.

Creating a popular image was identified
as an issue for attracting more academic

research to the field and it was agreed that
attempts should be made to get space drive
type research topics on the agenda of more
international conferences. This would allow
for a larger forum for discussions as well as
provide a greater visibility of the topic for
would be researchers.

The second half of the workshop session
focused on using the NASA Horizon mission
methodology to derive some of the
technological stepping stones to how warp
drive could be accomplished if it was ever
possible. This requires a non-extrapolation
from current technology, something which
the participants found difficult.

In summary, delegates agreed that warp

drive currently appears prohibitively difficult,
but theoretical physics is not yet in a position
to completely rule it out. At least not until our
state of physics knowledge is more mature.
This includes a unified field theory and
quantum description of gravity.

Meanwhile, this topic acts as a useful
learning tool for educationalists and a good
way to explore the constraints of physical
laws. Exotic topics like warp drive and worm
holes may also assist in attracting more
students to study physics at college and
university level, which could offset the
current decline. The full papers for the event
are to be published in a special edition of
JBIS later in the year.

antimatter, both of which may attain
maximum speeds of around 20 percent of
light speed.

In the 1950s there was even a fascinating
proposal called Project Orion to use nuclear
explosions to propel a spacecraft but only
modest speeds of three precent of light
speed were attainable.

Indeed, the British Interplanetary
Society’s very own Project Daedalus
conducted in the 1970s attained a maximum
mission speed of around 12 percent of light
speed, although theoretically it could be as
high as 30 percent.

Daedalus used an inertial confinement
fusion (ICF) type propulsion scheme that
relied on the fusion of Deuterium and
Helium-3. The choice for this reaction is
interesting, now that over a million tons of
Helium-3 has been discovered on the Moon,
deposited by the solar wind.

Proposals to combine ICF technology
with antimatter may achieve much higher
fractions of light speed approaching the
speed of light limit itself. This may turn out to
be the true template for how the first
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interstellar missions are achieved, perhaps
in the next century.

However, as novel as these propulsion
schemes are, they would not enable travel to
a nearby star within a practical time period,
of order a few months or a year. For this, we
must turn to alternative proposals that
require dramatic breakthroughs in our
understanding of physics.

Einstein’s theories
In 1905 Albert Einstein published his
remarkable special theory of relativity. This
described the relative motion of objects
through space, as well as the equivalence of
mass and energy.

One of the strange consequences of this
theory was the effect of time dilation, where
an observer can accelerate through space
and return to the starting point having aged
less than the twin they left behind.

In 1915, Einstein published his even more
remarkable general theory of relativity, which
is a geometrical description of gravity. This
describes how matter and gravitational fields
are related via Einstein’s famous field
equation.

General relativity incorporates special
relativity but also includes the equivalence of
gravity and acceleration. The field equation
allows for designer metrics from which the
mass or energy source required to derive the
gravitational field can be derived.

In the decades since, this has been used
throughout the academic literature on
studies of black holes and worm holes, with
enormous success.

Black holes are now generally considered
to be the true end state of gravitational

mechanism based on such a local distortion of
space-time just begs to be given the familiar
name of the warp drive of science fiction.”

The work showed that by a local
expansion of space-time behind the ship and
an opposite contraction in front of it, motion
faster than the speed of light as seen by
distant observers outside of the disturbed
region is possible.

The geometry of the warp bubble is
described by a so-called ‘shape function’
which is a set of hyperbolic tangent terms in
mathematics, such that the function goes to
unity in the centre of the warp bubble but
goes to zero away from it so that flat
Minkowski space-time is recovered.

The expansion and contraction of space-
time is what occurs in the universe and for
black holes, so is not an unknown concept.
Indeed, the universe underwent an
accelerated period of expansion known as
inflation in its early history, and may even be
doing so today.

However, calculations for the warp drive
showed that the energy density required to
form the warp bubble would be negative,
thus violating the weak, strong and dominant
energy conditions of general relativity.
Although it was noted that quantum field
theory does permit the existence of regions
of negative energy densities (ie the Casimir
effect) so that the warp drive could not yet
be ruled out.

Historical developments
Not long after Alcubierre published his warp
drive proposal, it was soon realised by Ford
and Roman in 1995 that the requirement for
negative energy densities would indeed

collapse for stars more than three solar
masses, and there is lots of evidence to
support their existence. However, no one
has yet observed a worm hole or any of its
expected effects.

If we ever did, hypothetically, a specially
designed ship could enter it from one side
and emerge at a different location in the
universe. But worm holes are constructed
from multiple connected topologies that
involve ‘rips’ or ‘ruptures’ in the fabric of
space-time itself.

Wouldn’t it be better if we could develop a
space travel scheme that had all of the
benefits of worm holes but didn’t require
such abrupt distortions in space-time? Well,
theoretical physicists are tenacious and have
invented such a proposal.

A beneficial feature of this proposal is that it
does not contain any time dilation or relativistic
mass increase effects from special relativity.
This is because the concept does not involve
any acceleration through space, but an
acceleration of space itself.

Warp drive metric
In 1994, Miguel Alcubierre, then at the
University of Wales, published a paper in
Classical & Quantum Gravity that may be
considered the beginning of the speculation
phase for the warp drive proposal.

It highlighted the interesting fact that a
superluminal (faster than light) effect was
allowed within the framework of general
relativity. This was the main point of his
paper, rather than to try and create a
realistic warp ship.

However, Alcubierre himself identified the
implications and stated: “a propulsion

Nuclear pulse space
propulsion scheme.

Christian Darkin
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violate the energy conditions of general
relativity, which requires that all observers
see a positive energy density.

A similar difficulty exists for wormholes, in
that they also require negative energy
densities to hold open the traversable throat.
They showed that the negative energy
requirements to form the warp bubble would
be proportional to the bubble velocity squared
and bubble radius squared, and inversely
proportional to the warp bubble wall thickness.

Calculations have since shown that for a
100 m warp bubble (a reasonable size for
any ship), a negative mass equivalent of
around ten to the power of 65 grams would
be required.

One could consider much smaller warp
bubbles formed by a negative mass
equivalent of the Earth, of order ten to the
power of 33 grams. This would be sufficient
to form a microscopic warp bubble of order
ten to the power of minus 18 metres.

These estimates necessitate the use of
the phrase ‘physically unobtainable
energies’. The energy requirements would
be less extreme if the thickness of the warp
bubble wall could be increased to say one
metre. In which case, the negative energy
requirements would be reduced to around a
quarter of a solar mass.

However, quantum inequality constraints
appear to apply a limit to the maximum
thickness of the warp bubble of order one

hundred Planck lengths. In an attempt to
reduce the prohibitive negative energy
requirements associated with the warp drive,
in 1999 Van Den Broeck constructed a
different metric definition which allowed the
surface area of the warp bubble to remain
microscopically small whilst simultaneously
expanding the spatial volume inside of it.
This allowed for significant reductions in the
negative energy requirements, although they
were still at physically unobtainable levels.

In 1998 Krasnikov highlighted the
problem that in order to construct a warp
drive one would need to distribute a matter
field ahead of the ship in order to create the
geometric structure one requires - a so
called ‘need one to make one’ paradox.

As a solution he suggested that any
modifications to the space-time for
superluminal speeds would have to occur in
the causal future of the ship. He proposed
the use of a tube of flat space-time structure
within but with opened out light cones. This
tube could be laid ahead of the ships path
(by subluminal ships) so that the departure
and arrival points would be connected along
the trajectory of the warp bubble.

In 2002 Natario claimed that the expansion
and contraction of the warp drive space-time
will allow for a situation where light rays
emitted in directions approaching the horizon
would become increasingly blue shifted, and
becoming infinitely so at the horizon. This

effect may produce highly energetic radiation
at the front of the warp bubble (harmful to any
crew or ship systems).

He also suggested that the presence of
horizons when the ship was moving at
superluminal speeds would causally
disconnect the ship from the surrounding
warp bubble so that it could not be
controlled. However, Natario’s suggestions
are hotly disputed within the field.

In 2004 Visser applied linearised gravity
to the weak field subluminal limit of the warp
drive. He was able to show how any ship
contained within would be able to interact
with the warp bubble space-time.

He also showed that even in this
subluminal mode the warp bubble would
violate the classical energy conditions of
general relativity and so he placed a
constraint on the total energy stored in the
warp field that must be less than the total
mass-energy that forms the ship. This would
place a restriction on the velocity of the warp
bubble suggesting that the attainment of a
superluminal speed would be difficult.

If warp drive was ever possible, how one
would actually create the space-time warping
effect is an open issue at this time. Several
ideas exist such as ‘mining’ the Zero Point
Energy field or manipulating the hypothetical
extra dimensions (see  article by Richard
Obousy).

In the end, if warp drive is ever possible,

An interstellar spaceship threads the space-time of a wormhole.
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This article discusses a novel approach to
generating the ‘warp bubble’ necessary for
such propulsion (the mathematical details of
this theory are discussed in an article due for
publication early next year).

The theory is based on some of the
exciting ideas that are at the forefront of 21st
century theoretical physics. It is the aim of
this article to introduce this idea from a
pedagogical perspective, concentrating not
so much on the equations, but on readily
accessible explanations of the concepts.

Why warp drive?
The universe is truly vast and current
propulsion technology severely restricts us
to the exploration of our own solar system. If
we wanted to visit even the nearest star
systems, are be faced with transit times of
many tens of thousands of years at best.

A compelling reason for why we might
actually want to visit other stars is the recent
evidence of extrasolar planets, which are
planets which orbit stars other than our Sun.
To date, we know of at least 250 extrasolar
planets. Even more exciting is the possibility
that some of these may be Earth-like, with
the theoretical capability to support life.

In 2007 a Swiss team discovered a planet
designated Gliese 581c. This planet orbits the
star Gliese, which is 20.4 light years away from
Earth. The planet is remarkable in that it is the
only known extrasolar planet that exists in the
area known as the ‘habitable zone’ of a star,
the area surrounding a star where surface
temperatures could maintain water in a liquid
state. Gliese 581c is believed to be roughly
five times the mass of Earth, and to have a
similar surface temperature to that of Earth.

Given these striking similarities, one
naturally wonders if Gliese 581c might
harbour life. Although it may be indirectly
possible to verify the existence of life using
observational techniques here on Earth, the
depth of analysis would be very limited.

On the other hand, we could obtain data
of much more scientific value if we could
actually visit these planets with probes, or
even humans, to better understand the origin
and development of life, and to see if it
exists only in the form of elementary
organisms or if intelligence has evolved.

The discovery of life outside of Earth
would obviously be of huge scientific
significance, and could quite possibly be
remembered historically as the most
significant scientific discovery of all time.
The only way we could realistically visit
these worlds in time-frames on the order of a
human lifespan would be to develop what
has been popularly termed a warp drive.

Origins of the warp drive
The term warp drive originated in science
fiction. Subsequently, a 1994 paper by
theoretical physicist Miguel Alcubierre placed
the concept on a more scientific foundation.
Alcubierre’s paper demonstrated that a certain
type of solution to Einstein’s field equations
could ‘stretch’ space in a way such that space
itself would contract behind a hypothetical
spacecraft, while expanding in front of the
craft, creating the effect of motion.

In contrast to the conventional technology
that results in movement of the craft through
space, in this theory space itself moves
around the spacecraft. This is a radical
departure from the traditional concept of
motion, because the spacecraft is, in a
classical sense, motionless within a
hypothetical bubble of transient spacetime.

What is particularly appealing about this
approach to propulsion is that the spacecraft
could, in theory, travel faster than the speed
of light. Special relativity forbids objects from
moving through space at or above the speed
of light, but the fabric of space itself is not
restricted in any way.

Thus, even though the spacecraft cannot
travel faster than light in a local sense, it

Creating the ‘warp’
in warp drives
by Richard Obousy

Over the last decade there has been a respectable level of scientific interest
regarding the concept of ‘warp drive’. A warp drive is a hypothetical propulsion
device that could theoretically circumvent the traditional limitations of special
relativity, which restricts spacecraft to sub-light velocities.

it would likely rely upon the use of massive
external static structures in space to
generate and shape the required negative
and positive energy pulses to form the
disturbed geometry. The ship would then
somehow have to maintain and control this
geometry whilst giving rise to the expansion
and contraction effects.

Future prospects
It has now been well over a decade since the
publication of Alcubierre’s seminal paper,
and significant developments in the field
have been made. Most have concentrated
on reducing the energy requirements by the
construction of alternative metric
descriptions and many others have
attempted to argue for why the warp drive
would never be technologically realised.

What is sure however, is that all of the
research completed to date has helped to
define and shape what exactly the warp drive
mechanism is and how it would work in
practice. This is moving us towards a better
position where it can be properly assessed
for its potential as a propulsion scheme for
interstellar travel.

Currently, the physics constraints suggest
that warp drive is prohibitively difficult,
mainly due to the massive negative energy
requirements. So bad news for future deep
space pioneers who instead may have to
rely on much slower technology to reach the
nearest stars.

But suppose science could find a way to
synthesise negative energy effects using
some as yet unknown physics, such as by
coupling gravity to electromagnetism – one
of the goals of physics. This would have to
change our perspective on warp drive type
proposals. Then the dream of humanity
reaching the stars within a few years travel
time would finally become a feasible goal.

Expansion and contraction of space-time for
Alcubierre warp drive.

Reference
1. M.Alcubierre. The warp drive: hyper-fast

travel within general relativity.
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could make a round trip between two points
in an arbitrarily short period of time as
measured by an observer who remained at
rest at the starting point.

Elementary physics
The warp drive concept is based on
Einstein’s general theory of relativity, a
generally accepted and extremely well-tested
physical theory. One of the necessary
components of a warp drive is an exotic form
of energy called negative energy, which
would have to be produced in copious
amounts for spacecraft propulsion to occur.

Negative energy is classically forbidden in
general relativity. However, negative energy
is allowed if we shift into the paradigm of
quantum field theory. And actually, negative
energy is not only allowed in this theory; it
has been experimentally verified using the
‘Casimir effect’.

The Casimir effect is one of the most
salient manifestations of the vacuum
fluctuations in existence. In its most
elementary form, it can be described as the
interaction between a pair of neutral, parallel
conducting planes which modifies the ground
state of the quantum vacuum in the interior
portion of the plates, creating a force which
attracts the plates to each other.

The physical interpretation is that a
negative energy state exists in the interior
region of the plates. Theoretically, the Casimir
Effect could be used to create the negative
energy required for a warp drive. From this
perspective, there is nothing that theoretically
prevents the creation of warp drive.

Nature as teacher
In essence, the warp bubble consists of a
region of expanding spacetime, and a region

Physicists are not certain what generates
the cosmological constant; we simply know
that it is there. Several ideas exist as to the
nature of this field. Dark energy, for
example, is a popular contemporary phrase.

Efforts have been made to explain the
cosmological constant using the more
modern quantum field theory (QFT), which
was created several decades after Einstein’s
general relativity. However, theoretical
predictions using QFT are in such huge
conflict with observations that the prediction
has been called “the worst prediction of
theoretical physics”.

One (partial) fix to the vacuum energy
calculations is the introduction of
supersymmetry (SUSY), a full discussion of
which is beyond the scope of this article.
However, the basic idea is that all known
particles have an associated superparticle
whose ‘spin’ differs by an amount that
balances the total spin within the universe.
For every electron, there is a ‘selectron’; for
every quark, a ‘squark’, and so on.

This idea is particularly appealing in that
the existence of supersymmetric particles
tames the embarrassing predictions of QFT
with regards to the vacuum energy
calculations. In our new model, we assume
that SUSY contributions cancel the vacuum
energy and that all contributions to the
vacuum energy density are higher
dimensional.

Physics in higher dimensions
The idea of extra dimensions is not a new
one. It was first introduced by the physicist
Theodore Kaluza in 1919, in an effort to unify
the laws of gravitation and
electromagnetism.

Kaluza’s main theory was to introduce a
fifth dimension within which he allowed what
is called a ‘scalar field’ to exist. Upon solving
Einstein’s equations (or more technically,
varying the Einstein-Hilbert action), Kaluza
was able to produce a set of equations which
contained both the Einstein field equations
and Maxwell’s field equations.

The question of where the extra
dimension was located was addressed by
Oskar Klein who, in 1926, suggested that the
fifth dimension compactifies so as to have
the geometry of a circle of extremely small
radius.

One way to envisage this spacetime is to
imagine a hosepipe. From a long distance it
looks like a one dimensional line but a closer
inspection reveals that every point on the
line is in fact a circle. Although the theory did
contain flaws, it was the first hint that extra-
spatial dimensions may play an important

of contracting spacetime. The first stage in
developing a working warp drive necessarily
involves learning how to generate this
asymmetric bubble.

As in all good engineering technologies,
nature herself can provide a degree of
insight. We are fortunate in that spacetime is
already expanding, albeit at an extremely
slow rate. In 1929 Edwin Hubble’s
observation of galactic redshifting cemented
the paradigm of an expanding spacetime in
physical cosmology.

The energy responsible for the current
expansion of spacetime is generically
termed the ‘cosmological constant’, or
equivalently, the ‘vacuum energy’ (the terms
will be used interchangeably in this article).

On a local scale, space is expanding
extremely slowly - around a billion billionth of
a metre per second per metre. Clearly, to
build a warp drive would require spacetime
to be stimulated in some way to expand (and
contract) at a much higher rate. But the fact
that it is already expanding gives us a
primitive roadmap to realizing the ambitions
of warp drive.

The first step to controlling a mechanism
is to understand the mechanism; thus if we
can understand why spacetime is already
expanding, we may be able to use this
knowledge to artificially generate an
expansion (and contraction) of spacetime.

The cosmological constant
Understanding the cosmological constant
may play a crucial role in the development of
warp drive, as it will help us to understand
why space is expanding. However, the origin
of the cosmological constant is still a
mystery nearly a century after its introduction
into cosmology.

The existence of the conducting plates modifies the boundary conditions on the quantum vacuum.
The end result is the reduction of the possible frequencies that can exist within the plates, causing
the plates to be pushed together by the imbalance in the quantum vacuum.



Interstellar travel

151

role in physics.
More recently, extra dimensions have

become an accepted part of modern
theoretical physics. Superstring theory, or M-
theory in its most modern guise, is a theory
that attempts to unify all known physics
under a single mathematical and conceptual
framework, and predicts the existence of
extra spatial dimensions.

Two other contemporary extra-
dimensional models are the Randall-
Sundrum (RS) model of ‘warped’ extra
dimensions, and the Arkani-Hamed-
Dimopoulos-Dvali (ADD) theory of large
extra dimensions.

Both theories attempt to explain the
observation that gravity is far weaker than
the other known forces. One way to think
about the ADD model is to picture gravity as
being free to propagate in all dimensions
(including the extra ones), while other forces
are restricted to our familiar three spatial
dimensions. Thus, gravity is, in a sense,
diluted, which results in its being much
weaker than the other forces.

Manipulating extra dimensions
There are currently numerous models which
attempt to explain the physical origin of the
cosmological constant. One model suggests
that the zero-point energy of graviton
fluctuations in the extra dimensions of the
ADD model may ultimately be responsible.
The zero point energy is precisely the energy
that causes the plates in the Casimir effect
to attract one another, as discussed earlier.

This zero-point energy should also exist
in higher dimensions. In this picture, it is the
periodicity of the extra dimension that plays
the exact same role as the parallel plates in
the traditional Casimir effect.

Just as the plates ensure that
deconstructive interference destroys non-
resonant frequencies of the quantum
vacuum, so too does a circular extra
dimension, which allows only frequencies
that are resonant along its circumference. In
this model it is the size of the extra
dimension that directly regulates that
magnitude of the cosmological constant, and
therefore the expansion of spacetime.

A recent paper addressed the plausibility
of locally influencing the size of the extra
dimension to locally (by local, we mean in
the vicinity of a spacecraft) adjust the
cosmological constant; this could
theoretically create a modification of
spacetime around a craft that could be tuned
to acquire the characteristics of the
Alcubierre bubble.

The basic idea is that by altering the

minimum size to this dimension; this would
be the Planck length, which is the believed
to be the smallest length possible.

If the extra dimension were shrunk to the
Planck length, then our calculations reveal
the limit on warp drive velocity to be 1032c
(where c is the speed of light). This number
is a theoretical bound, as our calculations
regarding the energy required to reach this
velocity indicate that significantly more
mass-energy than is available in the
observable universe would be required.

Future outlook
A new approach to generating the warp
bubble necessary for warp drive has now
been proposed. This warp bubble would
theoretically allow a spacecraft to travel at
arbitrarily high velocities.

One vital aspect of future research in this
area would involve studying how to locally
manipulate an extra dimension. String theory
suggests that dimensions are globally held
compact by strings wrapping around them. If
this is indeed the case, then it may be
possible to locally increase or decrease the
string tension, or even counter the effects of
some string winding modes. This would
achieve the desired effect of changing the
size of the extra dimensions, which would
theoretically lead to propulsion at greater
than lightspeed.

This approach, although highly theoretical
at this stage, gives us a glimpse as to how
one might address the problems associated
with the vast distances involved in
interstellar travel, and also opens up exciting
new avenues for future research.

radius of an extra dimension, it would be
possible, in principle, to adjust the energy
density of spacetime (which relates directly
to the cosmological constant which
ultimately controls the inflation/contraction of
space itself).

We have taken two approaches to this
concept: one involved utilising the physics of
QFT, and another the physics of general
relativity. The equations of both theories
indicated that the physics of the extra
dimensional space effects the expansion
rate of ‘normal’ space by a ‘dimensional
shearing’ effect.

The equations of GR demonstrated that
shrinking the extra dimension would inflate
our space, and that expanding the extra
dimension would contract our space. In this
way, a bubble of expanding/contracting
spacetime could be created at the rear/front
of a spacecraft.

Early calculations indicated that
superluminal propulsion could be achieved
at an estimated energy cost of 1045J, or
roughly the total mass-energy contained
within the planet Jupiter after using the
famous relation E=mc2. Although this
number may appear enormous, it is
certainly an improvement on earlier
calculations, which indicated that the warp
drive would require more mass-energy
than is contained in the entire observable
universe.

Further calculations revealed an upper
bound on the velocity a warp drive might
obtain. If the cosmological constant is
indeed a consequence of the size of the
extra dimension, then there would be a

The extra spatial dimensions expanding/contracting at the front/rear of a spacecraft. The effect in
our familiar three spatial dimensions is the asymmetric warping of spacetime analogous to the
Alcubierre bubble.


