StarTrek-like Field-Propulsion will be Needed for
Safe-Economic Spaceflight Long before We go to Stars

Preface

| had no part in the first American manned spaceships (the Saturn 5 Moon Rocket and Space
Shuttle). But in about 1985 I found myself involved in a human space-flight programs intended
to reduce the high cost and risk of sending people and cargo to space. And, for about 30 years,
at McDonnell Douglas and then my own company”Flight Unlimited” | strove with brilliant
dedicated people to make this goal a reality. This 30 year quest was a great adventure. But,
unlike some modest successes on military flight programs, my colleagues and | had much less
success this time, despite intense study of many systems and technologies to lower cost and risk.
By contrast, very successful robotic rocket flight was soonachieved with many satellites and
probes sent into space on reasonably reliable and inexpensive rockets, whose occasional failures
never caused loss of life. But human rocket flight requires much additional life support systems
of significant complexity-size-cos-mass,and much higher rocket system integrity and reliability
to insure acceptable crew safety. So reasonably realistic cost estimates of human expeditions to
Mars tend tobe in the trillion dollar range - an enormous taxpayer burden during trying times.

In respose to this, a small team of us looked at more bold Mars expedition concepts like the one
below. It used used “clean” nuclear rocket propulsion and gathered oxygen from Eartht’s
atmosphere and carbon-dioxide from the atmosphere of Mars. We felt rather pleased for we had
achieved an estimated 10-fold reduction in Mars expedition cost, reducing it to 100 billion
dollars. But this was still deemed too-much to ask taxpayers for at the time. But all agreed that if
a further 10-fold Mars expedition cost reduction to only 10 billion dollars with something like
field propulsion, this might allow a new space-flight program that NASA could afford. But just

But just as human spaceflight to Mars may now be 100-tmes too expensive to embark on with
rocket propulsion, it may also be 100 times too dangerous as well. For huge rocket sizes needed
on human missions to Mars require huge amounts of explosive rocket propellant which is both y
costlyand un-safe. Here, probability of dying in an airliner during 100 air-flights is said to be
about .01 percent, while probability of dying on one Shuttle space flight was about 1.5 percent
more than 100 times higher. So, during my search for 100-fold reductions in spaceflight cost
and risk, I was forced towards propulsion systems that minimized the combustion and expulsion
of expensive, explosive propellant and relied much more on the actions and reactions of fields.
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Figure 1. Faster trip and shorter and Isss expensive human stay on Mars



@ Oxygen and nitrogen obtained from Earth’s atmosphere for
propuision from Earth to Mars

Earth-Mars vehicle: powered
by fusion rocket propulsion

[

Launch vehicle: powered by chemical
airbreathing and rocket propulsion

(Vehicle Earth Takeoff Weight ~ 2,500 tons)

Q Carbon dioxide obtained from Mars’s atmosphere for
propulsion for return to Earth

Figure 2. More radical vehicle concept for large reduction in the cost of a Round-Trip Earth-to-Mars
Expedition; as compared to a conventional NASA chemical rocket concept. This vehicle embodied a
fusion rocket upper stage and reusable air-breathing lower stage. This single two-stage vehicle was in
contrast to 7-10 heavy-lift launch vehicles that were needed to deliver all masses of NASA’s selected
Mars Vehicle to earth orbit for final assembly of NASA’s selected rocket vehicle in NASA’s SEI“ Study.

Introduction

Since the Wright Brothers first flight in 1903, power for flight has been by explosive
combustion and heating of matter, followed by immediate expulsion and expansion of its
created hot gases. And 25 years later Dr. Robert Godard enabled space-flight by the first
successful launch of a craft whose engine similarly combusted-heated-expanded-expelled matter
from a chamber — but then created thrust by acceleration of the expelled matter to higher
momentum state in a diverging channel.And such a system, whish could combust either liquid
or solid propellants, was called a “rocket”. And liquid and solid-fuel rockets have been the only
means of space-ship propulsion used during the 90 year history of spaceflight. But now,
chemical rockets have reached a plateau in the thrusting efficiency they can achieve. And
though their performance is remarkable, it is insufficient for swiftly, safely and economically
propelling people over the enormous gulfs of space that humanity dreams of traversing.
Similarly, combusting-emitting of gases, which has met Earth’s surface transportation needs for
over 150 years, is now heating its atmosphere at unacceptable rate. So now there is also strong
interest in less propellant consuming systems for terrestrial power and propulsion.

We have already begun the Quest for Field Power and Propulsion

Clean-renewable power from the actions of fields is already being obtained from various
sources and actions. Hydro-electic power begins with falling water in Earth’s gravity field
and ends with electricity generated by interacting electric and magnetic fields inside
turbines. Solar power begins with energy released by weak and strong muclear forces in
hydrogen fusion reactions inside the Sun and ends with electromagnetic radiation of this



fusion energy from the Sun through space to the earth. And Wind power systems use
aerodynamic field energy within Earth’s atmosphere to rotate propellers that drive
electricity-generating machinery wherein electromagnetic field interactions occur. And as
humanity orbits its Earth and explore its solar system, And lectro-magnetic field interactions
inside “ion rocket thrusters (shown below) ccelerate light particles to high speed and thrust.

Figure 3. EM fields accelerating gases to high exhaust velocity inside ion thruster.

Strong electro-magnetic field actions and reactions are vital for effective “clean” nuclear
fusion power and propulsion systems. Strong fields are needed to overcome strong coulomb
repulsions between fuzing ions at the short separation distances needed for their
fusion. Figure 2 shows Stevens Institute tests where induced magnetic fields are compress-
ing nuclear fuel ions to fusion state by induced magnetic fields of hundreds of tesla strength.

Figure 4. Photo of excited electons and fusions of ions occurring inside “Dense
Plasma Focus” nuclear Reactor by Professor A. Nardi at Stevens Institute)

Fusion energy release into propellant can allow less propellant to be consumed. For example,
fusion energy release into liquid hydrogen could accelerate it to needed exhaust speed with
as much as 5-fold reduction in hydrogen flow rate for needed thrust. This enabled up to 10-
fold vehicle propellant redaction in needed vehicle propellant to achieve needed acceleration.



Field propulsion might possibly begin with vehicles no faster than jet-propelled vehicles of
today, and by use of science and technology available during the early evolution of field
propulsion. But goals for these first-generation field-propelled ships may focus on
reducing flight cost and hazard instead of achieving more flight speed or acceleration. And as
what occurred during transition from propeller to jet propulsion,use of
field propulsion to supplement(rather than replace) jet-propulsion with
field-propul-sion for more safety margin may occur. But more perfected field-propulsion
would then accomplish faster solar-system travel and possibly colonize some of its bodies.

Much slower-than-light Field-Propulsion

A small team of us had the opportunity to explore step-wize evolution of jet-propelled flight
systems into even more effective jet and field-propelled systems to meet future US Air Force
air and space-flight needs.. This was accomplished in the design of two advanced earth-
to-orbit aerospace vehicles which were intended to begin revolutionizing many Air Force
aerospace operations after about 2025 [1]. The first vehicle embodied advanced jet propulsion
by generating enormous electric power by magneto-hydro-dynamic (MHD) field actions
inside 2 hypersonic jet engines. This enabled air breathing vehicle propulsion to Mach 14 by
generating about 20 MW of electrical power as soon as Mach 10 was reached. MHD-
generated electrical power tthen ignited the vehicle’s fusion reactor and the resulying fusion
power was sent as electricity to the jet engines by electron beams — to significantly amplify
air breathing thrust from Mach 10 to Mach 14. Then, energy release from the fusion reactor
heated hydrogen fuel in the main engine for rocket propulsion until orbital speed was reached.

More conventional chemical rocket and chemical ramjet systems were also embodied within
the vehicle to provide impulsion from very slow to very high speed. Effectively integrating
these added elements was an added challenge. But they significantly reduced the pressure and
temperature environment range the main scramjet and fusion rocket systems had to withstand.
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Figure 5. 250 ton reusable, single-stage-to-orbit craft to dramatically lower U.S.Air-Force space
flight costs and increase spaceflight safety during a period from about 2025 to 2050. This would
be achieved by: aircraft-like vehicle; aircraft-like flight operations: and an aircraft-size vehicle.
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Figure 6. On-board Air-breathing and MHD propulsion and power system eliminated expensive
ground operations, providing tens of megawatts of electric power for in-flight ignition of vehicle
fusion reactor. This system by Prof. Paul Czysz of St. Louis University, is very similar to our’s
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Figure 7. Fusion Reactor (ignited by MHD system) provided thrust from Mach 10 to orbital
speed by electron-beam heating of ingested airflow and hydrogen propellant wifhin tne vehicle.

The next page shows the field and jet-propelled vehicle next configured by Flight Unlimited
for the US Air Force for a later 2050 time period. It retained the 2025 vehcle air breathing and
rocket jet propulsion systems and MHD and fusion power systems. But the vehicle
also embodied a field-propulsion module to significantly extend Air Force capability to
support US civil space operations on the moon. Here, added propulsive velocity was needed
for moon emergency rescue missions. This required field propulsion by ship-emitted
electromagnetic (EM) fields that were specially-conditioned to favorably interact with those
fields in and outside a ship that give rise to its mass and inertia. An example of such an EM
field possibility is the polarization-modulated EM system of T.W. Barrett [2] on the next page.
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Figure 8. 2050 Vehicle and schematic of advanced EM antenna system embodied within it.

Field propulsion also improved flight safety by reducing structural fatigue from repeated
exposure to high pressures and temperatures during many trips between Earth and space.
The next page is ship EM energy emitted in fore and aft directions into surrounding air and
space and the quantum vacuum that permeates both). This beamed energy reduced resistance
of both air and quantum vacuum to a vehicle’s acceleration [3].with deposited EM beam
energy reducing air resistance and vacuum resistance (by reducing the vacuum’s electrical
permittivity and magnetic permeability to increase local light-speed c. Energy depositiom
into air also reduced re-entry temperatures and pressures exerted on the vehicle airframe.



The figure below shows reduced electrical permittivity and magnetic permeability in the
region of quantum vacuum disturbed by field energy within the ship-emitted EM field. .

1.00 .50 .35 35 .50 1.00 «  MS
\ €, in vacuo

vehicle speed = 0.99¢ (in vacuo) with respect to earth

Figure 9. Pressures formed about accelerating, EM beam-emitting ship that is experiencing
impulsion at M .99 speed. Darker regions are cooler and lower pressures exerted on the ship.

The jet and field-propelled 2050 Air-Force vehicle was small and light enough to operate
from existing Air- Force bases and modest propellant needs allowed very modest operational
costs. So after the Air-Force Study, we configured a version of this field- propelled aerospace
plane for commercial air and space flight during the 2050 time-period. A cost analysis [4] of a
hypersonic airline fleet or space-tourism fleet of 5 vehicles indicated that they could give
significant numbers of people the exciting and inspiring experience of space-flight as
144,000 people were flown profitably with acceptable safety to space wihin a 12 year time.

Jet and field-propelled aerospace planes
may give thousands of people the
inspiring experience of space

And new careers
for thousands more

Figure 10. Jet and Field-propelled vehicle to give many the inspiring experience of spaceflight.

Solar System and Interstellar Flight
Past investigations indicated perfection of nano-technology and molecular manufacturing to
a significant degree would enable swift self-replication of an initial fleet of slower-than- light
starships and this initially slow, but ever-expanding, numerically-increasing fleet of ships



would eventually-inevitably colonize our entire Milky-Way galaxy over times of the
order of 100,000 years. On the other hand, relativistic field propulsion that swiftly accelerated
ships to nearly light-speed, could allow the settling of the center of our galaxy to begin in less
than about 20 years. And faster-than-light field-propelled craft could allow still swifter setting
of our galaxy with many colonies conceivably organized into communicating galactic civil-
izations by the faster-than-light commerce made possible by many faster-than-light ships.

Flight at about 1.0 g acceleratuion
and a small fraction of light speed
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in days (instead of years)

Inertia-less flight at enormous
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e

Travel throughout the cosmos within
the normal lifetime of ship and crew

Inertia-less flight at enormous acceleration
to reach and surpass light speed

Travel throughout the cosmos and return to
share the expedition with those on Earth

Figure 11. Evolution of Field power and propulsion: from Solar System to Cosmic flight.

The vision shown above may be a much too optimistic view of field propulsion’s future. For
it may not be the destiny of humanity to colonize our cosmos like it colonized much of its
own world. But there is now an added reason for perfection of nearly propellant-less power
and propulsion. It is for terrestrial energy and transportation that drastically slows global-
warming during this present century. So, if near-propellant-less field propulsion and power is
developed for space-flight, some of its technologies should vitally contribute to life on Earth.
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APPENDIX A

Simulation of Ship Field-Acceleration to Faster-than-Light Speed

Our preliminary simulation of ship acceleration in from slower to faster than light speed — as
shown below in Figure 10, looks much like that shown for ship acceleration from slower to
faster-than-sound speed in Figure 8. Here, vacuum radiation pressures, (caused by disturbing of
zero-point quantum vacuum by snip-emitted EM field enegy) are shown instead of air pressures
caused by disturbing of ambient air. Pressures are for 0.99 light speed (c) rather than at 0.99
Mach. However, the shape of the ship-emitted EM radiation and surrounding pressure gradient
is similar to that formed about the ship in air. And similarly, this is causing impulsion rather
than resistance. Thus, the similar vacuum radiation pressure gradient formed about a ship in
disturbed vacuum results in vacuuu assistance to accelerated vehicle flight — just as the air
pressure gradient formed about a ship results in aerodynamic assistance to vehicle flight.

regions of diminished p,e, and increased em propagation speed
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Figure 12. Zero-point pressure gradient formed in disturbed quantum vacuum causing impulsion
rather than resistance to act on aship emitting specially-conditioned EM radiation at ,99 c speed.

This was our best estimate at the time of the kind of interaction a faster-than-light (FTL) ship
might have to establish with its flight medium, It is based on a fluid dynamic analogy defined in
[3]. But our work was far too preliminary to claim any real progress in overcoming the ultimate
flight barrier — the speed of light. This barrier, of course, presents an enormously challenging
problem. But as studied by others, slower field-propelled ships that can replicate themselves by
molecular-manufacturing might ultimately allow much humanity to ultimately reach the stars.






ield propulsion improved flight performance. It also improved flight safety by reducing
structural fatigue from repeated exposure to high pressures and temperatures during many
trips between Earth and space. Shown on the next page is ship EM energy emitted in fore and
aft directions into its flight medium (air and space and the quantum vacuum that permeates
both). This beamed energy was found to reduce resistance of both air and quantum vacuum to
vehicle acceleration to high speed [3]. The EM beams reduced the vacuum’s resistance by
reducing its electrical permittivity x magnetic permeability and light-speed c. And they also
re air temperatures and pressures exhe ship during each return from space.
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Pressures formed about an accelerating, beam-generating ship that is experiencing impulsion
(not drag) at M 0.99 speed.Dark regions are cooler, lower pressures being exerted on the ship.

The jet and field-propelled 2050 Air-Force vehicle was small and light enough to operate
from existing Air- Force bases. And the vehicle’s very modest propellant needs allowed very
modest operational costs. So after the Air-Force Study, we configured a version of this field-
propelled aerospace plane for commercial air and space flight during the 2050 time-period. A
cost analysis [4] of a space-airline fleet or space-tourism fleet of 5 vehicles indicated that they
could give significant numbers of Earth’s people the inspiring experience of space-flight as
144,000 passengers were flown profitably and with acceptable safely to space in 12 years.
Jet and field-propelled aerospace planes

may give thousands of people the
inspiring experience of space

And new careers
for thousands more




Solar System and Interstellar Flight
Past investigations indicated perfection of nano-technology and molecular manufact-uring to
a significant degree would enable continual self-replication of an initial fleet of slower-than-
light starships and this initially slow, but ever-expanding and numerically-increasing fleet

would eventually and inevitably colonize our entire Milky-Way galaxy over times of the
order of 100,000 years. On the other hand, relativistic field propulsion that swiftly accelerated
ships to nearly light-speed, could allow the settling of the center of our galaxy to begin sooner
than about 20 years. And faster-than-light field-propelled craft could allow such swift setting
of our galaxy with many colonies that could conceivably be organized into communicating
galactic civilizations by the faster-than-light commerce by many faster-than-light ships.
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Evolution of Field power andpropulsion: from Solar System flight to Cosmic exploration.

Shown above may be a much too “optimistic vision” of field propulsion’s future. For it may
not be the destiny of humanity to colonize our Cosmos by nearly propellant-less field power
and field propulsion. But there is surely now need for reasonably rapid perfection of nearly-
propellant-less terrestrial power and propulsion for drastic slowing of global-warming during
the rest of this century. And if nearly propellantless field propulsion and power could be
developed for flight, it would surely be a vital contribution in prolonging life on Earth.
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