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but all are based on Newtonian mechanics. The limiting speed of space flight,
based on any of these modes, is the speed of light. It is important to point out
that for the interstellar travel application, Newtonian rocket propulsion modes
suffer from enormous mass ratios > 10° - 1019 (depending on the specific
impulse) for spacecraft cruise velocities > 0.05c¢, if the travel time is
constrained to within 100 years for a one-way interstellar voyage. If the cruise
velocity is increased to sub-relativistic, near-relativistic, or even ultra-
relativistic speeds and thus reduces the one-way travel time, then the mass
ratio increases (exponentially!). The mass ratio is the initial spacecraft mass
(payload + structure + propeillant) at launch divided by the final spacecraft
mass (payload + structure) at "burnout.” The large ratios given above show
that Newtonian rockets consist mostly of propellant in order to propel the
propellant, along with a given tiny payload, through interstellar space. The
specific impulse is a measure of rocket propulsion system efficiency: how
much impulse (thrust multiplied by time) is produced per unit of mass of
propellant expenditure. It is desired that rocket propulsion systems possess a
very high specific impulse in order to reduce the mass ratio, and hence
propellant mass requirement, to reasonable levels.

The non-traditional propulsion modes (sails, ramjets, beamed power, etc.)
have different efficiencies and constraints, but they are all still dependent on
Newtonian mechanics, even though their mass ratio and specific impulse
characteristics are slightly improved over that of the traditional modes. But all
traditional and non-traditional propulsion modes come with a great cost in
interstellar voyage travel time. At non-relativistic and sub-relativistic cruise
speeds, it will take explorers several human lifetimes to reach stellar
destinations. At low relativistic to ultra-relativistic cruise speeds, the travel
time will be reduced to hours, days, weeks, months, or years. However, at
these cruise speeds, relativistic time dilation will kick in, and the returning
interstellar voyagers will find that decades to thousands of years have elapsed
on Earth since their launch date and that their families and culture no longer
exist or are unrecognizable. This is an undesirable outcome for any interstellar
voyage. Furthermore, traditional Newtonian propulsion cannot transcend time
or spacetime dimensions or universes.

The solution to this problem is to dispense entirely with long interstellar
voyage times or the undesirable outcome of relativistic time dilation. Explorers
could deploy a wormhole-stargate near the Earth’s surface, in Earth’s orbit, or
anywhere in the solar system they like and just pass through the “stargate”
and come out the other side in remote spacetime within seconds, moving
through the throat at low cruise speeds (30 mph!) and with no time dilation
effects. Explorers could travel through the wormhole-stargates in small scout
ships or send probes unencumbered by either enormous propellant mass
ratios or extensive life support provisions. Effective travel time through the
Cosmic Neighborhood via stargates would become irrelevant but could be
estimated to be many times or thousands of times the speed of light. Explorers
could spend all day investigating the remote spacetime location and then
return home through the stargate in time to have dinner with their families. If
explorers were to really push the envelope, they wouid design their stargate
so they could return from their voyage in time to wave goodbye to themselves

vii

UNCLASSIFIERLLEQR.QERLGEA-EGE-ONEY



UNCLASSIFIED / ARQR-OERLCEArdkld i b

as they see themselves depart on their journey. This is no longer recognized in
classical general relativity physics as a time paradox issue. It is very easy to
build a time machine, given a traversable wormhole. But time travel via
wormbhole is beyond the scope of this paper. Suffice it to say that classical
general relativity theory is seriously infested with time machines; the theory
both allows for and demands time travel in order to preserve self-consistency
of dynamic spacetime solutions for just about every problem ever studied.

Implementation of FTL interstellar travel via traversable wormholes generally
requires the engineering of spacetime into very specialized local geometries.
Analysis of these via the general relativistic field equation, plus the resultant
source matter equations of state, demonstrates that such geometries require
the use of “exotic” matter in order to produce the requisite FTL spacetime
modification. Exotic matter is generally defined by general relativity physics to
be matter that possesses (renormalized) negative energy density (sometimes
negative stress-tension = outward pressure, aka gravitational repulsion or
antigravity). This term is very misunderstood and misapplied by the non-
general-relativity community. This misconception can be cleared up by
defining what negative energy is and where it can be found in nature and by
reviewing the proposed experimental concepts for generating negative energy
in the laboratory. In addition, it has been claimed that FTL spacetimes are not
plausible because exotic matter violates the general relativistic energy
conditions. However, this has been shown to be a spurious issue. The
identification, magnitude, and production of exotic matter are seen as key
technical challenges, however. FTL spacetimes also possess features that
challenge the notions of causality, and quantum effects allegedly place
constraints on them. These issues are reviewed and summarized, and an
assessment on the present state of their resolution is provided.
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