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A letter from Kelvin F. Long

It has been a very exciting time for idis and
as we approach our three year anniversary in
September, it is appropriate to reflect on all that has
been achieved by our outstanding team.

We have formalised our core ¢ ommittees and
each is now doing productive work focu  sed towards
our mission of interstellar flight. The educational
academy committee led by Rob Swinney is working
with multiple schools and universities, including the
International Space University. Theya  re also
developing an innovative curriculum which we hope
to launch next year.

The technical committee , led by Andreas
Hein , is pushing forward multiple small projects, and
our flagship Project Dragonfly, for which we have just
completed a highly successf ul crowdsourcing
campaign and the delivery of four excellent technical
team reports looking at laser  -sail based propulsion.

The Sustainability & Development
committee, led by Professor Rachel Armstrong, is
looking at more Starship Cities events and how we
can best work with architects to emerge Starship
technologies from the ground up.

The Enterprise (business) committee, led by
myself is thinking carefully about how to best
incubate new ventures and innovations and to assist
the next generation of entrep  reneurs to fulfil their
dreams.

In addition to our committees, we have our
defined our own legal constitutional articles, created
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a high quality looking web site, attended or organised

many events, including  Dysprosium , The World
Science Fiction conventio n, The Philosophy of the
Starship symposium, the Physics of Wormholes
symposium. Our team continues to produce other

output, including outstanding art, music albums,

books, smart phone app - there are so many activities
that we are having to pause and cons ider how best to
manage the organisational development for improved
sustainability and growth.

I am really excited about all that has been
achieved, and also the work we do with our partners,
particularly the British Interplanetary Society and the
Interna tional Space University. Then with successful
achievements in spaceflight, such as the amazing
New Horizons arrival at Pluto, and the continued
discovery of exoplanets around other stars,....it really
does feel like the time for the stars is approaching. |
can't wait to begin the next three years work and |
want to thank everyone in our team for their
contributions, t 0o many to name , although Gillian
Norman, John Davies, Alex Storer, Terry Regan and
Angelo Genovese deserve a special mention in
dispatches.

As | close this introduction for the current issue of

our in house magazine Principium, don't forget to

look up the Icarus Interstellar Starship Congress
Hackathon which takes place 4 -5 September, Drexel
University, Philadelphia  (see News item below ). It's
sure to be a lot of fun for those involved.

Kelvin F. Long
Executive Director

The Initiative for Interstellar Studies
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Editorial

In this edition you will find the
second part of the account by Kelvin
Long of our Wormhole symposium,
"Wormholes Come to London". This
includes the contributions of Silke
Britzen, Tiffany Frierson, Remo
Garattini and John Davies.

On a related theme, we have  the
feature "Wormhole -Stargates:
Tunnelling through the Cosmic
Neighbourhood" by Eric W. Davis

We very much welcome an
account by Zachary Fejes of the
Icarus Interstellar Project Voyager , a
software development for
interplanetary and interstellar
navigation .

Our first major international
event, the 2014 WorldCo n, the
World Science Fiction Convention ,
took a lot of preparation and we
hope you will be entertained by an

account of the thrills and spills on
the way to the show.

"How do we survive on a distant
world? " by Roger Dymock considers
what we might face on a habitable
planet of another star

Our News this time b egins with
the upcoming Starship Congress
and the New Horizons triumph at
Pluto - there is a connection! We
also mention another SF outreach,
this year's UK Eastercon. And
finally an item about the Dragonfly
workshop of June 2015. We will be
covering Proje ct Dragonfly in more
detall in later editions. ~ We have to
disappoint readers who were
expecting a med itation on the
interstellar implications of the
Rosetta comet probe and its Philae
lander and a report from the 2014
Tennessee Valley Interstellar
Workshop (TVIW). We hope to bring

John | Davies, Editor Principium

News

Starship Congress

2015
Dr Ralph McNutt , a
distinguished interstellar

advocate , will be a keynote
speaker at Starship Congress
2015. Dr McNuttis Co -
Investigator of the New Horizo ns
mission to Pluto (see below and
our back cover). He led the NASA
NIAC (NASA Institute for
Advanced Concepts) project "A
Realistic Interstellar Explorer" in
1999. Starship Congress 2015,
Interstellar Hackathon
September 4 -5, Drexel
University, Philadelp hia, PA,
USA. See the ad at the end of
this issue of Principium

including the supporting
Kickstarter .

New Horizons - Pluto

July 2015 saw the NASA New
Horizons spacecraft successfully
execute a flyby of the dwarf
planet Pluto to within a distance

of just o ver 12,500 km. We'll be
analysing the implications of
this major stepping stone to the
stars in later issue s of
Principium. In this issue we
congratulate the team on their
design and execution of this
mission and feature a composite
of Pluto and its compan ion
Charon on our back cover.

i4is at Dysprosium

As we promised, idis
continues its outreach to the
science fiction community with
att endance atthe national UK
annual Eastercon. This year it
was Dysprosium at London's
Heathrow Airport. John Davies
explai ned how to derive
Tsiolkovsky's rocket equation by
cheating (slightly), we sold many
copies of Beyond the Boundary
(see our ad at the end of this
issue) and we met the endlessly
imaginative SF community
again. More in the next issue of
Principium.

you the former next time and your
editor will be doing his best to find a
reporter from the next TVIW!

Our front cover feature is "idis
goes Stratospheric" with a brief
account of the balloon experiment
which, amongst other achiev  ements,
displayed the idis logo at its greatest
altitude so far!  More about this in
our idis Goes Stratospheric ! And for
the rear cover we have Pluto and
Charon as seen from New Horizons,
courtesy of NASA, of course. These
image s join the work of other tal ents
who have kindly provided their work
to Principium - Stavros Hios, David
Hardy, Alex Storer , Jon Lomberg
and Adr ian Mann. We will be
featuring the best work from these
and other visual authors in future
editions of Principium.

We have now revertedto 3
column layout ; give us your views .

Project Dragonfly
Workshop

Project Dragonfly is the first
international contest to let
students shape the future of
interstellar travel. 100 backers
pledged £6,387 ( 9,000,
$10,000) via Kickstarter
bring this project to life,
including a most generous
contribution from Dr Vinton G
Cerf, one of co-creators of the
Internet . The four finalist
student teams came to London
to present their concepts  for a
laser -push probe to ajury and
interested peers on Friday, July
3rd . Written reports were
assessed beforehand and, taking
into account the presentations
at the workshop, the final
ranking was - 1. Technical
University of Munich, 2.
CranSEDS (Cranfield University
UK and associates) 3. UC Santa
Barbara 4. Cairo University.

More in our next issue.

to help
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Feature: Wormholes Come to
London, "Interstellar
Wormholes: Physics and

Practical Realisation" Part 2

Kelvin F. Long

The first report from our November 2014 event, "Interstellar Wormholes: Physics and

Practical Realisation" was in Principium 9.

Time Metrics from Black Holes to Worm Holes and the Einstein

Look there for the first presentation "

Space -
-Rosen Bridg e".

Observations of Black Holes

Our second speaker at the
Wormhole eventwas Dr. Silke
Britzen, of the Max -Planck Institute
for Radio Astronomy, from Bonn,
Germany. Her topic was
electromagnetic radiation covering
the whole spectrum from the radio
up to Gamma -rays, and the spectral
energy distributions of Active
Galactic Nuclei (AGN) such as
Seyfert 1, Blazar Mkn 501 and
Quasar 3C273. The Global Very
Long Baseline Interferometry (VLB 1)
forms a virtual telescope with an
Earth -like diameter to give the
highest angular resolution in
terrestrial astronomy. To search for
wormholes in AGN was one & among
many other scientific reasons  dto
build the radio antenna in space:

This may include active galaxies as
current or former entran ces to
wormholes, see Astrophysics of
Wormholes, N.S. Kardashev, I.D.
Novikov, A.A. Shatskiy ( 2006).

The theory of black holes
originates
General Theory of Relativity. Black
holes are essentially specific
solutions of the vacuum f  ield
equation of
Different types of black hole
solutions have been proposed. They

include the static, neutral
Schwarzschild black hole (1916),

the static but electrically charged
Reissner -Nordstrom black hole
(1918), the rotating but ne  utral Kerr
black hole (1963) and the rotating

but charged Kerr -Newman black
hole (1965).

For these objects the black hole
mass is hidden within either a ring
or point singularity and in general
they were defined
theorem which simply stat  es that
objects can be fully defined by their
mass, spin and charge.

Supermassive black holes are
important to understanding how the
first galaxies formed, and how they
and black holes have evolved
together. This is also crucial with
regard to our underst anding of
cosmological evolution. Our own
galaxy contains a supermassive
black hole of approximately 4
million solar masses.

There is a proposal for a

from Al b daescopE that may be ahldts see at

unprecedented resolution around
black holes. This is the Event
Horizon Telescope (EHT) which

Ei nst ei nowdhave dranatit ipmcreases in

resolution and sensitivity compared
to the existing VLBA. Such a

o0 Towards the Event Horizon

telescope may even be able to detect
a so-called black hole shadow,
which is caused by the photon
sphere around a gravitating obje  ct.
Finally Professor B rit zen
discussed an innovative paper titled
o0Di stinguishing
wormholes with orbiting hot spots"
(Zilong Li and Cosimo Bamb, May
2014) which discussed the
possibility that supermassive black

b yhold chnelidates at thehcant r ré of

galaxies might be wormholes
created in the early universe,
connecting either two different
regions of our Universe or two
different universes in a Multiverse
model. The Very Large Telescope
Interferometer (VLTI) instrument,
GRAVITY, will have the cap ability to
image blobs of plasma orbiting near
the innermost stable circular orbit
of the black hole in the centre of our
own galaxy. The secondary image of
a hot spot orbiting around a
wormhole would be substantially
different from that of a hot spot
around a black hole, because the
photon capture sphere of the
wormhole would be smaller and its
detection could thus test if the
centre of our galaxy harbours a
wormhole rather than a black hole.
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Silke Britzen shows a very energetic astronomical object

expounds on Casimir and Einstein (right)

Traversable Wormholes and the Casimir Energy in Modified

Professor Remo Garattini is a
senior i4i s researcher and wormhole
expert from Bergamo University,
Italy .

Remo began by discussing the
Einstein field equations and
explaining the Einstein tensor and
the stress -energy tensor. There is a
possible solution to the field
equations which neatly describes
both black holes and wormholes,
the standard Schwarzschild
solution. The traversable wormhole
metric was derived by Morris and
Thorne in 1988 even if, it was
Ludwig Flamm the first one who
recognised that the Schwarzschild
solution of the Ei nsgsdsananoedrequendies of tthe cavities
equations represents a wormhole. would be divergent and devoid of
Note that the ter m d&hysicalmeanihgsdt thevdifferen ce
introduced by John Wheeler in between them in the two situations
1962. The detailed mathematics (with and without the plates) was
show how to produce equations for well defined.
the radial pressure and negative In Quantum Field Theories, the
energy density and pressure Casimir effect gives contributions to

Is it possible for a gravitational the total nucleon energy in the
field without external sources to quantum chromodynamic bag
sustain the traversability of a model of hadrons. This has
wormhole with the help of a applications to  spontaneous
gravitational Casimir effect? This compactification of extra spatial
references research done by Hendrik dimensions in Kaluza -Klein field
Casimir in 1948. This origina | work theories, gauge theories, SUSY,
hypothesised that the zero point SUGRA, and string theory . In
energy was responsible for the condensed matter physics, the
Casimir effect - later confirmed Casimir effect leads to attractive and

experimentally by the Philips
Laboratories. This effect is induced
when the presence of electrical
conductors distorts the zero point
energy of the qua ntum
electrodynamic vacuum. Two
parallel conducting surfaces, in a
vacuum environment, would attract
one another by a very weak force
that varies inversely as the fourth
power of the distance between them.
This kind of energy is a purely
quantum effec t and no real particles
are involved, only virtual ones. ltis
evident that, separately, each
contribution coming from the
summation over all possible

(lefty and Remo Garattini

Gravity

repulsive forces between the closely
spaced m aterial boundaries which
depend on the configuration
geometry, on temperature, and on
the electrical and mechanical
properties of the boundary surface.

This is responsible for some of
the properties of thin films and has
to be taken into account in the
investigations of surface tension and
latent heat.

In gravitation, astrophysics and
cosmology, the Casimir effect arises
in space -times with nontrivial
topology. The vacuum polarization
resulting from the Casimir effect can
drive the inflation process. In the
theory of structure formation of the
Universe due to topological defects,
the Casimir vacuum polarization
near the cosmic strings may play an
important role.

In atomic physics, the long
Casimir interaction leads to
corrections to the energy |
Rydberg states.

A number of the Casimir
effects arise in cavity Quantum
Electrodynamics when the radiative
processes and associated energy
shifts are modified by the presence
of the cavity walls. In mathematical
physics, the Casimir effect  has
contributed to the development of
zeta functions and heat kernel

evels of

-type
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expansion techniques for the
regularization and renormalization
of infinities.

Therefore, it appears that the
Casimir effect has multidisciplinary
applications. However for the
travers ability the wormhole it is
fundamental because it represents a
source of negative energy density
mimicking exotic matter, which is
the basic ingredient to obtain a
traversable wormhole. To do

wave functionals. The challenge

then is to show how this is

connected with Casimir energy. It

is assumed that there will be a

boundary located at  the wormhole

throat and the other at infinity.

When computing the zero point

energy (equivalent to the Zeta

function) in these two

configurations with the same

asymptotic behaviour, you are

essentially computing the Casimir

calculations in practice, it is better energy of the gravitational fie Id

to separate the metric of space-time itself. Remo's conclusions were

from Einsteinds gr awhatt, inthéoryt, quardum

background and a perturbation fluctuations of gravity could sustain

term. The Einstein tensor can also the wormhole, but there is a need

be divided into a part which is for a regularization and

unperturbed and related to the renormalization procedure to

background geometry and a part eliminate the quantum divergences.

related to quantum fluctuations. Nevertheless, using a distortion o f
Remo showed how to compute gravity ter med

the expectation value of the it is possible to avoid such a

perturbed Einstein tensor, using a regularization/renormalization

variational procedure with Gaussian scheme. Gravityds

Using Micro

Tiffany Frierson is an idis
researcher and a student researc
in Icarus Interstellar.

Tiffany skyped in live from the
US to deliver her contribution to the
Wormhole event. She started by
discussing radio frequencies and
optical systems, as typically used by
NASAGs Deep Space

Radio frequency systems ha d
been recommended as the main
communication system for the
British Interplanetary Society 1970s
Project Daedalus study but lasers
are also a candidate for long
distance communication. Tiffany
argued that RF systems are better
understood and tested, butl  aser
systems offered higher data rates,
less power requirements, smaller
equipment and less signal
dispersion .

We need a solution that will
reduce (or e liminate) current
interstellar communications issues,
and one possibility is a faster than
light solutio n & which may be
permissible using wormholes.

Using wormholes to facilitate
interstellar communication would
have the benefits of instantaneous
or near -instantaneous
communications between Earth and
starship. In addition, the space
short -cut would reduce the signal
distortion issues. Tiffany cautioned
that engineered wormholes would
require negative energy densities
and possibly lots of exotic matter.

her

Net w

However quantum field theory
permits the generation of negative
energy density from the quantum
vacuum, and very small amounts of
negative energy have already been
demonstrated in the laboratory by

the Casimir effect. A better
technology for generating negative
energy to build wormholes may be

by the use of parabolic mirrors,
where every incoming ray of lig  ht
that is parallel to
would be come focu sed at one point.
Instead the incoming energy could

Rai

introduced by Maguejio and Smolin
in 2004. The price you have to pay
is the introduction of two unknown
functions dependi ng on the ration
E/Ep, where Ep is the Planck
energy and E is the energy of the
graviton. Such functions, call them
01(E/Ep) and g 2(E/Ep) enter the
metric since the beginning and they
activate at the Planck scale in such
a way to give finite results, at le

in the first approximation.

Remo concluded by saying that
semi-classical Einstein field
equations were a source for self -
consistent solutions. The obtained

ast

6traversabilityd would
regarded as 6in princi
than 6in pradcéiced due

wormhole radius likely.  In this

procedure, what is really

6 Gr a viundaméntal is Rraamplifyiogw 6 ,

mechanism which is very difficult to
implement.

nbow has been

-Wormholes in Interstellar Communications

" Radio Frequency and Optical

Systems
NASA’s Deep Space Network

* Use radio waves to transmit data

for constan f sight

+ RF Systems recommended in
Daedalus Report

Tiffany skypes in across the Atlantic

be vacuum fluctuations and these
could, in theory, be focused.

In such a set -up, the energy
density will be negative near the
focus of the parabo lic cylindrical
mirror.

Tiffany finished by suggesting
that we will realise a micro -
wormhole before a human or
starship sized one is produced. A
micro -wormhole requires much less
negative enmergy tham e larger e i s

As an example calculation, for a
wormhol e with one millionth of a

Principium | Issue 10 | August 2015
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metre diameter, requires a negative very large number. Engineering the out wormhole engineering, we can

energy of around ten to the power of actual wormhole will be difficult, utilize it to vastly improve
thirty seven Joules ; whichis s tilla but not impossible. Once we figure interstellar communication.
dwWormholes in Science Fiction 0

The Wormhole event publication of Carl PSuddamais (ndwe/l) , GrégDi as p o
presentations ended with John 6Contactdo (1985), wlhkEigcam f(ela®t9uir)es O6alrhe Li ght
Davies talking about fictional use of intergalactic network of paired Daysd by Arthur C Clark
wormholes. wormholes & like the London Tube Stephen Baxter (2000) and 6 T h e

Beginning with a quote from J. map ! The novel 0 Ti md Igiekber alimsftidon ibtyy d almy M Ba
G.Ballard 6 Fi cti ons of E $tephen Bakternfrdm his Xeelee The latest contribution to the
1 9 7 1®verything is becoming sequence, al so f eat wubed ofscientd fiotimrawwrimboles
science fiction. From the margins of wormhol e6 Publ i shed mog,e dfhamouresne, the film
an almost invisible literature has years before similar ideas in lain M. (2014) directe d by Christopher
sprung the intact reality of the 20  th Banks 6The Al gebr ai s\Nolén, whiohdeatsireswermteles
century 6 . Fiction has yeashdforeld Midhaelk e nt devised by the physicist Kip Thorne,
types of worm holes. Big ones for Straczynski's ©6Baby labeady éntioned extensively in the
which you could fit a ship or a The TV series 06 Ba blafldscencs gartdf tihé Wotmhole
person through, little ones sufficient its own wormhole, in contrast to the event. Thorne mentions in his
for photons and information Star Trek O0Deep $p a cassochtedhbeol that thehGsl effects
transport, and related concepts a convenient nearby wormhole team at Double Negative, the vi  sual
such as use of extra dimensions. brings new plot material every week effects/computer animation

John began wi t htothe shdwi I is \osth noting that company, had produced new
Adventures in Wonderland (1865), both shows aired for the first time in physics insights by applying
maybe the rabbit hole is just a large 1993, and one can only speculate if Thorneds equations.
wormhole w here Alice falls without there was any connection between John ended the presentation
feeling it. Lewis Carroll went on to the screen writing. Wormholes were with a movie clip from
write 6 Thr ough -Glads e imdgio edkvenndifferently in 1994 Space Odyssey®6, which s
and what Alice Found There' (1871) with the first air i mgronaitDayeBovamargnihgeod a
a way to an opposite chirality using ancient unearthed technology trans -galactic voyage t hrough some
through a portal like television's for interstellar  transport. kind of wormhole. Fora moment

Stargate. Other notable novels which perhaps , the audience felt like Alice
A major event in the science featured wormhole -like technology in Wonderland.
fiction of wormhol es was the include 6The Subtle Knifed by Phil

John ponders wormholes in Lewis Carroll

Panel: The Practicality of Wormhole Engineering 0

At the end of the day, the
speakers assembled as
panellists to discuss phys ics,
cosmology, gravity and all things
wormholes. This was ¢ haired by
Rob Swinney . Topics included

about cosmology and the
evolution of stars. The panel
were asked about evidence for a
Multiver se. It was the
consensus of the panel that
there was no evidence currently

interpretations of quantum

ip

mechanics and cosmological
models which permitted such a

possibility.

The wormhole meetingw as

voted a great success, with

the probability of natural or to support such an idea, but discussions continuing in the
artificial wormholes, questions Kelvin referred to interesting usual way at the local pub!
Principium | Issue 10 | August 2015 Page 8



Rob Swinney (Chair), Kelvin F Long, Remo Garattini, John |
Davies, Silke Britzen at "Interstellar Wormholes: Physics and
Practical Realisation " i4is Symposium at BIS, 24 November 2014

Feature : Wormhole -Stargates:
Tunnelling Through The
Cosmic Neighbourhood

Eric W. Davis

It was many years ago when
science fiction media (TV, film and
novels) began to adopt traversable
wormholes, and more recently
0star gat e s Gthan flight
(FTL) interstellar travel schemes
that allowed their heroes and
heroines to travel the cosmic
neighbourhood . Little did anyone
outside of relativity physics know
bu t that in 1985 physicist Kip
Thorne and his students at CalTech
had in fact discovered the principle
of traversable wormholes right out
of Einstein's General Theory of
Relativity (M. S. Morris and K. S.
Thorne, Am. J. Phys ., 56:395 -412,
1988; M. S. Morris, K. S. Thorne
and U. Yurtsever, Phys. Rev. Lett .,
61:1446 -1449, 1988).

Thorne and collaborators did this
as an academic exercise, and in the
form of problems for a physics final

f asmheerr eby t he

exam, at the request of Carl Sagan
who had then completed the draft of
his n ovel Contact.

Sagan wanted to follow the genre
of what | cal l

on real physics concepts to make it
more realistic and technically
plausible. This little exercise ended
up becoming one of the greatest
cottage industries in general
relativity physics 9 the study of
traversable wormholes and time
machines.

Real stargates exist in principle;
they are merely a form of what are
called traversable wormholes, and
they are one type of FTL propulsion.
These ar e unlike the well -known,
non -traversable Einstein -Rosen
Bridges or Schwarzschild
wormholes that are formed from
collapsed stellar matter (black holes)

storyds

or spherically symmetric vacuum
regions.

However, even Einstein -Rosen
bridges can be made traversable by

s ¢ i e rao iafiniedimalavweakiogobtheir

spatetinte metict | d r el y

Wormholes are hyperspace
tunnels through  spacetime
connecting together either remote
regions within our universe or two
different universes; they even
connect together different
dimensions and different  times.

Space travellers would enter one
side of the tunnel and exit out the
other, passing through the throat
along the way. Unlike black holes,
traversable wormholes do not have
an event horizon or a singularity on
the inside that obstructs the throat,
nor is there any crushing
gravitational field anywhere inside
the tunnel/throat.

Principium | Issue 10 | August 2015
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Space travellers going through a
traversable wormhole do not violate
Einsteinds Speci al
Relativity by always remaining
inside their local light  -cone along
their t ime -like trajectory while
moving below light speed through
the wormhole between interstellar
departure and destination points.

This is because
unique spacetime geometry acts to
tilt -over the space travellers 8 | oc a
light -cone, thus giving r ise to their
apparent FTL motion between stars
as seen by remote outside static
observers whose local light -cones
are far away from, and unaffected
by, the wospacetimel e 6 s
geometry 0 the light -cone of space
travellers moving along their time -
like traj ectory through the wormhole
lies within the space -like
hypersurface of the remote outside
static obseanesthssd | i
the space travellers undergo FTL
motion between stars as seen by
outside observers.

Another interesting consequence
of the spacetime geometry of
traversable wormholes is that the
space travellers 8 | oc al
through the wormhole can be the
same as the local proper time for
remote outside static observers,
thus eliminating any undesirable
relativistic time dilation effects.
Using traversable wormholes as
time machines is beyond the scope
of this discussion, because we are
only interested in their potential for
FTL interstellar travel.

Traversable wormholes are
creatures of classical General
Relativity Theory allowing for very
comfortable travel through the
cosmic neighbourhood . Wormholes
can possess normal or backwards
(in special cases) time flow, normal
or nonexistent gravitational stresses
on space travellers moving through
the throat, and their entry/exit
openings (or thr oats) can be
spherically shaped, cubic shaped,
polyhedral shaped, or generic
shaped, etc. A by-product of
traversable wormhole studies has
been the development of wormholes
possessing flat entry/exit openings
(E. W. Davis, AFRL-PR-ED-TR-2003 -
0034 :2-11, 20 04).

These are essentially what a true
cstargate6 or fl at doorw
spacetime would be. Energetics
considerations and mathematical
theorems show that traversable
wormholes with the lowest energy
requirement to construct are those
that have a single throat (or tunnel).

prop

To produce the spacetime
geometry of a stable traversable

Twormlwole,yone sefjuires an exotic

form of matter whose rest -energy
density and/or internal pressure
must be
pressure must be greater than or
equal to i ts rest -energy density.
There are two other variations on

t htles theroer m bompaeisdrs the

matter that we are all familiar with

ih our daily lives has positive rest -
energy density and positive or zero
internal pressure. The exotic matter
must be distribute  d locally in a
finite volume of space in such a way
that it threads the throat of the
wormhole.

Negative rest -energy density
and/or negative pressure produce
the gravitational repulsion that is
needed to open a
or

g Whie greatest misunderstanding
about exotic matter being
perpetrated by certain academic
physicists and science news writers
is that it is fictional or that it does
not exist. That claim is false.

It is very well known that

quantuin field éheory predi  cts exotic
matter, and there is a very long list
of the different types of exotic
matter that are predicted to exist:
there are a few types that occur
naturally in our universe, a few that
are man -made, and many others
that are theoretically predicted but
not yet experimentally discovered
(E. W. Davis, JBIS, 66:68 -84, 2013).

Cosmological dark energy,
having positive rest -energy density
and negative pressure, is one
example of naturally occurring
exotic matter and there are other
types that remain to be disc  overed,
all of which are responsible for the
observed values of the cosmological
parameters of the universe (M.

Visser, Science, 276:88 -90, 1997).

Examples of the man -made types
of exotic matter include, but are not
limited to, the negative vacuum
energy a nd negative vacuum
pressure associated with the
Casimir effect and the squeezed
vacuum states of laser beams &
most of the types of man -made and
theoretically predicted exotic matter
are a special type of quantum
vacuum energy which is preferred
foytraviernsabte wgrinhole studies.

There are even classical (non -
quantum) scalar fields that have
exotic matter properties which could
be used to produce traversable
wormholes, if they are found to
exist.

oOnegativeo

A few theoretical physicists
harbour a strange prejudice again st
the idea of producing large amounts
of negative vacuum energy to
construct traversable wormholes.

aSo nebrly 40 yéars age and a |

thereafter, a few theoretical
physicists derived theoretical
constraints against the creation and
use of large amounts of negat ive
vacuum energy over long time
intervals, which they call the
Quantum Inequalities (QI)
Ford and T. A. Roman,
13:84 -91, 2003) .

The QI are an ad hoc version of
Hei senber gds
in curved spacetime , and they state
that the larger the amount of
negative vacuum energy one
produces, the shorter the time

(L. H.
Sci. Am.,

t o pntetva one ltas dvailable  use i.
ot unnel gpacethme.ough

However, the QI have been re-
evaluated by many theoreticians
over the past 15 years and the
verdict is they are not generalisable
to an y 4 -dimensional curved
spacetime , while astronomical
observations and lab experiments
produce results that contradict their
constraints (E. W. Davis, JBIS,
66:68 -84, 2013). Recent theoretical
attempts to replace the QI with
something better have not
succeeded.

Another proposed constraint
against long -lived traversable
wormholes is the effects of quantum
back-r eacti on on the
spacetime geometry.

Quantum back -reaction is the
distortion of quantum vacuum zero -
point fluctuations & in the form of
nonl ocal Hawking radiation and
local vacuum polarization 9 that is
produced by spacetime curvature
(a.k.a. the gravitational field) which
is simultaneously accompanied by
the back -reaction of the two
distorted -vacuum fluctuation effects
upon the spacetime curv ature. A
recent study has shown that the
order of magnitude of quantum
back -reaction effects on traversable
wormholes is << 10 730 compared to 2
1 for the case of black hole event
horizons, so quantum back -reaction
has a very negligible impact on
traversab le wormholes (E. W. Davis,
JBIS, 66:68 -84, 2013).

Einsteinbds General
Relativity does not include assembly
instructions for traversable
wormholes. How does one deploy
negative vacuum energy or other
forms of exotic matter to assemble a
traversabl e wormhole? Does one
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need to pull a traversable wormhole
from out of the putative quantum
spacetime foam (i.e., Planck length -
sized multiply -connected -
fluctuations of spacetime geometry)
and enlarge it to macroscopic scale,

or will wormhole engineers need  to
produce extremely large  spacetime
curvatures to
spaced6 (i .e.,
spacetime ), and then stabilize either
approach using negative vacuum
energy?

The spacetime -geometrical
instructions for constructing a
traversab le wormhole are even more
strange: 1) take two copies of flat
spacetime , one each near the
departure and destination s tars; 2)
remove identical hyper volumes (i.e.,
3-dimensional surfaces of 4 -
dimensional spacetime ) from each
spacetime ; 3) identify at the
boundaries (i .e.,
|l eftover ohol eso
throat). How this can be translated
into a practical engineering
blueprint will require further
theoretical studies accompanied by
trial -and -error lab experiments. In
any case, the bad ne ws is that a
series of past and recent
cosmological observations have not
found any evidence for quantum
spacetime foam in the universe.

The good news is that the
problem of changing the topology of
spacetime has been solved.

Studies of a new quantum
gravity approach in 2 -dimensional
space and 3 -dimensional spacetime ,
which is not a theory of gravitons
but of shape -shifting spaces,
explicitly show that the topology of
spacetime can change, thus
supporting the creation of
traversable wormholes (S. Carlip,

Sci. Am., 306:40 -47, 2012).

Another complication is that
General Relativity Theory does not
provide any recipes for navigation,
guidance and control through
traversable wormholes to the
desired interstellar destinations.

The technical description of a
trip through a traversable wormhole
is simply given by the proper time
and distance of travel through its
throat as measured by space
travellers who always move on time -
like curves, while the velocity of
their starship through the throat is
always less than th e speed of light
(M. S. Morris and K. S. Thorne, Am.
J. Phys ., 56:395 -412, 1988).

Whatever proper time and
distance values one desires for their
interstellar journey through a

traversable wormhole will depend
largely on 1) the type of exotic

matter that on e chooses to assemble
the wormhole and 2) the particular
type of wormhole throat geometry,
which serves as further input to
wormhole stability analysis,
determining the tidal gravitational

0 p u n c Horcas ekeded en the btarship grew,
¢ h a n g estc.t Additiontalshpooetical g y tudids

along with trial -and -error lab
experiments will need to be done in
order to address the interstellar
navigation issue.

Modern energetics analysis of
traversable wormholes shows that
arbitrarily small (i.e., near zero)
amounts of exotic matter  are the
minimum that is required to create
and stabilize a traversable wormhole
(E. W. Davis, JBIS, 66:68 -84, 2013).
However, as the amount of exotic
matter decreases to arbitrarily small

0 s alues§, the lorger it willdake a
t o gsership ¢ortraverse the wormholea

and r each its interstellar destination
as measured by the clocks of remote
outside static observers, while the
travel time and distance through the
wormhole will become intolerably
long for the starship passengers.

In the opposite extreme, the
shortest travel time and distance
through a wormhole can be had in
what are
traversable wormholes which
require a total energy of - 1044 rinroat
(Joules), where rwrat (meters) is the
size of the wormhole throat. This
amount of negative energy is
impossible to engineer, and
physicists and engineers will likely
have to find the optimal amount of
negative energy that can be
produced for an optimal traversable
wormhole. At present, laboratory
Casimir cavities and quantum
optical squeezed vacuum states
produce extremely minute amounts
of negative vacuum energy.

An experimental program by this
author and co-workers is underway
at the Institute for Advanced
Studies at Austin in Austin, Texas
to explore the negative vacuum
energy that is (theoretically)
produced by using a cylindrical -
parabolic mirror to focus quantum
electromagnetic vacuum zero -point
fluctuations onto the focal line of
the mirror (L. H. Ford and N. F.
Svaiter, Phys. Rev. A, 62:062105,
2000; Phys. Rev. A, 66:062106,
2002). This device will  be evaluated
to ascertain how much negative
vacuum energy it produces, whether
it is scalable and controllable, and

whether it is feasible to engineer
and test in the lab.

It is possible that new technical
implementations or new quantum
field boundary ¢ onditions or
interacting quantum fields will be
discovered that can produce large
amounts of negative vacuum energy
inthe lab. The engineering
parameter space for the quantum
optics devices that produce
squeezed vacuum states will also be
explored to dis cover whether new
implementations can produce and
isolate negative vacuum energy in
scalably large amounts.

Other recently published
proposals for creating traversable
wormholes using classical
electromagnetic fields and other
non -exotic matter approaches are
also undergoing evaluation. An
integral component of this
experimental program is the
construction and testing of a
guantum optical tomography -
balanced homodyne detector that
will be used to spatially and
spectrally image the negative
vacuum energy t hat is produced by
guantum optical squeezed vacuum
states, Casimir cavities, and the
cylindrical -parabolic mirror device
(E. W. Davis, JBIS, 66:68 -84, 2013).

cat heoad $h or Afuture version of this detector

will visually image the location of
the negative vacuum energy t  hat
future wormhole engineers produce
so that they will be able to
manipulate and shape it to
construct a traversable wormhole.

While theoretical research on
traversable wormholes continues to
evolve and address old and new
technical issues, it will be imp  ortant
to focus that research on developing
optimal technological sources of
scalable negative vacuum energy or
other forms of exotic matter, and
simultaneously develop optimal
technical solutions for the
construction of traversable
wormholes and their nav  igation,
guidance and control laws for
interstellar travel. This remains a
rich area for multidisciplinary
engineering -physics studies in
academia and industry, which could
bear much fruit in the future if more
effort could be expended on
developing trave rsable wormholes
for interstellar flight.

About the author : Eric W Davis,
Ph.D., FBIS, AFAIAA, isa senior
research physicist at the Institute
for Advanced Studies at Austin, in
Austin, Texas, USA.
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Cover Story : i14is Goes
Stratospheric

Kelvin F Long

In January of 2015, ateam
planned to launch a balloon to high
altitude ; the mission was called
Shackleton 2. The project was led by
Sam Harrison and Daniel Parker.

The mission was launched on
Sunday 11th January from
Enniskillen airport in Northern
Ireland, after negotiating CAA
launch approval, with the aim to
take a O6sel fiebd
at around 120,000 ft, the target
altitude. We are pleased to report

maximum height. The on  -board
electronic heating system they
designed and bui
charmé and kept
working at minus 70 degrees
Celsius. They did have a tracking
link to the probe but the software
failed and they
ft (27 km, 17 miles) after a frozen working. The idis  logo was loaded
helium fill line burst due to the onto the probe and was one of the
tektremeeoldicaused lylthe d i s p | a yimages taken by Shackleton 2
expan ding gas which meant they before the camera battery ran out.
couldndt filldl it enough to reach its

that the launch was a huge success
and the balloon flew from Northern
Ireland to Oxfordshire . The balloon
drifted 100 miles off course but the
team was able to recover it. The
total flight time was around 3.5
hours.

The probe maxed out at 89,000

It wor k
their i

coul dno

of

up

s mm;_»‘;@uaew. o

(left) and suence pay Ioadw(nght)

Shackleton 2 Flight Path

The probe went to 89,000 ft
which is 27.13 km or 16.86 miles
above sea level, which placed it
firmly into the stratosphere, the

second major | ayer of Thisisalsokha pointindre diatomic oxygen. The mid
atmosphere just above the atmo sphere where the temperature stratosphere has le ss UV light
troposphere and below the is layered because ozone ( O3z) passing through it; O and O 2 are
mesosphere. The temperatur e at absorbs high energy UVB and UVC able to combine . This is, therefore,
this height is around 850 degrees energy waves from the Sun and is where the majority of natural ozone

Celsius or 223.8 K and the pressure
is around 20 millibars. The air

density drops to 0.028 kg/cubic
meter. The speed of sound drops
from its sea level value of 340 m/s
t0 299.9 m/s.

oxygen is prevalent in the upper
stratosphere due to the

bombard ment of UV light and the
destruction of both ozone and

broken down into atomic oxygen (O) (O3) is produced.

and diatomic oxygen (O 2). Atomic
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Preparing for launch of Shackleton 2

Daniel Parker (right)

(left) and the mission f light Team Sam Harrison and

Shackleton 2 went above the cruise altitudes of both the supersonic commercial airliner
Concorde and the SR -71 Blackbird spy plane.

The height that the probe went
to is above the altitude of
commercial airliners (typically
30,000 -39,000 ft) and is above the
operational height of th e supersonic
jet Concorde (typically 59,000 ft). It
is even above the ceiling the
legendary Lockheed SR -71
Blackbird spy plane (typically
85,000 ft).

A huge congratulations to Sam
Harrison and his team. It may not

be 4.4 light years away , to our
nearest star, but getting our logo to
89,000 ft has to count as a tangible
starting point.  The photos clearly
show the i4is logo with the
curvature of the Earth in the
background , inspiration for the
future.

The i4is team are very excited
about this achievement which
shows we are starting to put our
minds not just to theoretical

achievements, but real world
tangible steps to the practical
realisation of interstellar flight.
Demonstrating transport through
the atmosphere, and eventually
beyond it, is an essential
prerequisite for any space aspiring
team.
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