Gravitational Shielding Research

The following list of possible keywords relevant to the research
of E.E. Podkletnov in the area of gravitational shielding can be
implemented with a Web search algorithm to locate related
documents on the Web and sort them by relevance.

Gravitational shielding theory and research

1. Podkletnov
a. Variations:

i. Yevgeni
ii. Yevgeniy
iii. Yevgeny
iv. Yevgenij
v. Eugene
vi. Ye.
vii. Ye.Ye.
viii. Evegeny
iX. Evgeniy
X. Evgenij
xi. E.
xii. E.E.

2. Podkletnov Effect
3. Gravitational Meissner effect
a. Variations
i. Meissner effect
ii. Gravitoelectromagnetic effects
4. Gravitational shielding
a. Variations
i. Gravity Shielding
ii. Anti-Gravity Shielding
iii. Gravitational screening
iv. Gravitational force shielding
v. Superconductor shield gravity
5. Anti-Gravity
a. Variations
i. Antigravity
6. Electrogravitics
7. London equation
a. Variations
i. Maxwell-London equations
8. Mass density
9. Weight reduction
10. Project Greenglow
11. Project Grasp
12. Tampere University of Technology

Related terms:

1. Electromagnetism

Gravitational effects
Maxwell equations
Current density

Electric charge

Light velocity

Permittivity

Magnetic permeability
Superconducting materials
Electromagnetic dispersion
Electromagnetic shielding
Magnetic levitation

X Se@mooooTe

I.  Buoyancy correction
m. RF Magnetron Sputtering
2. Mechanics
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Boeing Attempting To Create
GraVity-Defying Device- BBC Get Quotes

LONDON -(Dow Jones)- Researchers at the world's largest aircraft maker, Boeing Co

Related Quote

delayed 20 mins - disclaimer
Quote Data provided by Reuters

., areusing the

work of acontroversial Russian scientist to try to create a device that will defy gravity, the BBC reported

Monday on its Web site.
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The BBC said Boeing is examining an
experiment by Y evgeny Podkletnov, who claims

to have developed a device which can shield
objects from the Earth's pull.

Podkletnov is viewed with suspicion by many
conventional scientists, but the involvement of

Boeing has lent hiswork a new credibility, the
BBC said.

The project is being run by the top-secret
Phantom Works in Seattle, the part of the

. company which handles Boeing's most sensitive

programs. The head of the Phantom Works,
George Muellner, told the security analysis
journal Jane's Defence Weekly that the science
appeared to be valid and plausible.

Podkletnov says he countered the effects of

gravity in an experiment at the Tampere University of Technology in Finland in 1992.

The scientist says he found that objects above a superconducting ceramic disc rotating over powerful

electromagnets lost weight.
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The reduction in gravity was small, about 2%, but the implications - for example, in terms of cutting the
energy needed for a plane to fly - were immense, the BBC said.

Scientists who investigated Podkletnov's work, however, said the experiment was fundamentally flawed
and that negating gravity was impossible.

But documents obtained by Jane's Defence Weekly and seen by the BBC show Boeing is taking
Podkletnov's research serioudly.

The hypothesisis being tested in a program codenamed Project Grasp. Boeing is the latest in a series of
high-profile institutions trying to replicate Podkletnov's experiment.

The military wing of the U.K. hi-tech group BAe Systems PLC (U.BA) isworking on an antigravity
program, dubbed Project Greenglow.

The US space agency, NASA, is also attempting to reproduce Podkletnov's findings, but a preliminary
report indicates the effect does not exist. -0-
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An anti-gravity device would revolutionise air travel

Researchers at the world's largest aircraft maker, Boeing, are

using the work of a controversial Russian scientist to try to create

adevice that will defy gravity.
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shield objects from the Earth's pull.

The company is examining an experiment by Y evgeny
Podkletnov, who claims to have devel oped a device which can

Dr Podkletnov is viewed
with suspicion by many
conventional scientists.
They have not been able
to reproduce his results. -

The project is being run
by the top-secret
Phantom Works in
Seattle, the part of the
company which handles
Boeing's most sensitive
programmes.
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The head of the Phantom

told the security analysis

HOW AN ANTI-GRAVITY
DEVICE COULD WORK
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journal Jane's Defence
Weekly that the science
appeared to be valid and
plausible.

field
ceramic ring

. coolant
Dr Podkletnov claims to

have countered the
effects of gravity in an
experiment at the

can be reduced by 2%
(1kg=980g)

1. Solenoids create magnetic
2. Spinning, super-conducting
3. Liquid Nitrogen acts as

4. Dr Podkletnov claims weight

Q&A: What chance floating

Tampere University of
Technology in Finland in
1992.

jumbos?

| The scientist says he found that objects above a

superconducting ceramic disc rotating over
powerful electromagnets lost weight.

ON THIS STORY

i The BBC's Andrew
Gilligan
"Theideaisstill highly
experimental”

=il Professor Robin Tucker
and writer Nick Cook
"Boeing wants to build its
own impulse gravity
generator"

See also:

29 Jul 02 | Science/Nature

Q&A: Boeing and anti-gravity
27 Mar 00 | Science/Nature
Gravity research gets off the
ground

29 Jul 02 | Mediareports
Russia's 'gravity-beating' scientist

Internet links:

Nasa Breakthrough Propulsion
Physics Program
Quantum Cavorite

Project Greenglow

Boeing
Jane's

The BBC is not responsible for the
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The reduction in gravity was small, about 2%, but
the implications - for example, in terms of cutting
the energy needed for a plane to fly - were
immense.

Scientists who investigated Dr Podkletnov's work,
however, said the experiment was fundamentally
flawed and that negating gravity was impossible.

Research explored

But documents obtained by Jane's Defence Weekly
and seen by the BBC show that Boeing is taking Dr
Podkletnov's research seriously.

The hypothesis is being tested in a programme
codenamed Project Grasp.

Boeing is the latest in a series of high-profile
institutions trying to replicate Dr Podkletnov's
experiment.

The military wing of the UK hi-tech group BAE
Systems is working on an anti-gravity programme,
dubbed Project Greenglow.

The US space agency, Nasa, is also attempting to
reproduce Dr Podkletnov's findings, but a
preliminary report indicates the effect does not
exist.
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Q&A: Boeing and anti-gravity

The aircraft manufacturer
Boeing isreported to be
investigating anti-gravity
research. But our science
correspondent Dr David
Whitehouse saysjumbo jets
areunlikely to start floating
off the ground any time soon.

What hasfired theinterest of
Boeing?

According to company

respected journa Jane's

Defence Weekly, Boeing is

intrigued by the Russian of Russian Dr Eugene Podkletnov. It
wants to seeif it really is possible to build an "impulse gravity
generator".

Boeing triesto defy gravity
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What does Dr Podkletnov claim to have achieved?

He carried out an experiment involving a supercold, spinning
ceramic ring.

Click hereto see how an anti-gravity device could work

An object held above the ring lost about 2% of its weight. The
pull of gravity on the object was reduced, he claims.

When did Dr Podkletnov do this?

It seems that the first time was at a Finnish university in 1992.
However, the research paper that described the results was

submitted to a scientific journal but then withdrawn. The same

happened in 1996 when news of the paper's imminent
publication leaked. However, Dr Podkletnov has continued to
work on hisideas and is reported to have seen similar effectsin
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Has the experiment been repeated by others?

Several teams have tried but none has seen the same thing. The
American space agency Nasatried but said it couldn't find any
effect.

Isanti-gravity possible?

The vast mgjority of the world's qualified scientists would
fervently say that it is not. If it were possible to shield something
from the force of gravity it would mean arewrite of the most
fundamental, cherished, and rigorously tested laws of physics.
Most would put it alongside a perpetual-motion machine. That is,
impossible.

But George Muellner of Boeing has been quoted as saying
that the science of the antigravity device appear ed to be valid

ON THIS STORY

i The BBC's Andrew
Gilligan
"Theideaisstill highly
experimental”
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and possible. Why did he say that?

There are three possibilities. Perhaps he knows something the
rest of the world's physicists don't, or he does not understand the
laws of physics, which would be highly surprising for amanin
his position, or he has been misquoted.

If it were possible what would be the outcome?

We could build spacecraft that would not need any rockets to
power them. Aircraft would not need engines and could be any
size and stay up indefinitely using no fuel. Supporters have
claimed military and medical applications as well.

Havel heard this before?

If you read HG Wélls, yes. In his First Men On The Moon, he
writes of an eccentric inventor called James Cavor who creates a
substance called Cavorite that repels gravity. Coating a capsule
with it makes the vehicle fly up towards the Moon.

But isnot history full of geniuseswho changed the world
after their colleagues had dismissed them as crazy?

There are not as many of these as you might think. Besides, just
because a few geniuses have been laughed at in the past does not
mean that every one who is laughed at today will turn out to be a
genius in the future.

HOW AN ANTI-GRAVITY DEVICE COULD WORK
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Gravity resear ch gets off the ground

Such devices would shield planes from the Earth's pull

A leading UK company is challenging what we understand to be
the fundamental laws of physics.

The military wing of the hi-tech group BAe Systems, formerly
British Aerospace, has confirmed it has launched an anti-gravity
research programme.

It hopes that Project Greenglow will draw scientists from
different backgrounds to work on future technol ogies that will
have echoes of the propellantless propulsion systems being

chance of success investigated by Nasa's Breakthrough Propulsion Physics

<1l real 28k

Program.
Gravitation shielding

If any of the work is successful, it could lead to dramatic
developmentsin the way we travel - anti-gravity devices could
make it much easier for aeroplanes, spacecraft and even the next
generation of carsto get off the ground.

In 1996, the experiments of a Russian scientist were jeered at by
the physics world. Writing in the journal Physica C, Dr Y evgeny
Podkletnov claimed that a spinning, superconducting disc lost
some of itsweight. And, in an unpublished paper on the weak
gravitation shielding properties of a superconductor, he argued
that such adisc lost as much as 2% of its weight.

However, most scientists believe that such anti-gravity research
is fundamentally flawed. It goes against what we know about the
physical Universe and is therefore impossible, they say.

Pascal's Wager

"I find it rather peculiar that they've done this," said Bob Park

Sear ch BBC News Online
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from the American Physical Society, in reaction to the BAe
Systems admission. "One can only conclude that at the higher
levels of these organisations there are people who don't have a
very sound grounding in fundamental physics.

"You can invest alittle money in far-out projectsif they have
some chance of success - it's called Pascal's Wager. In this case,
most scientists would say thereis zero chance of success.”

Nonetheless, this view will not stop anti-gravity devices from

continuing to be a popular feature of science fiction and the
inspiration for countless websites.
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British probe anti-gravity device GO

A British defence contractor, BAe Systems, has confirmed that it Advanced search options
is funding research into a device which is said to modify the

effects of gravity. Launch console
for lafest audio/ video

The concept was pioneered by a Russian physicist, Yevgen
Podkl etn(()a\?, workri)ng in Finla)r/1d, and emp?oS//s electromag\]gngts < BBCRADIO NEWS
and arotating disc. W BEC ONE TV NEWS

o] WORLD NEWSSUMMARY
Dr Podkletnov has said experiments showed that it eased %k BBCNEWS24BULLETIN
gravitational force by two per cent or more, which could have a » PROGRAMMES GUIDE
dramatic effect on means of travelling.

Europe Contents

BAe Systems saysit will call its anti-gravity research programme » Country profiles
Project Greenglow.

Links to other Europe stories are at
However, the BBC Science Correspondent says the possibility the foot of the page.
that abasic law of physics can be altered has attracted ridicule
from many scientists, who believe that the concept belongsin the
realm of science fiction.
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Despatches

Nigel Margerison
London

An international team of astronomers say they have
found evidence that the universe is expanding at an
accelerating rate which can only be explained by the
existence of anti-gravity. Their findings are published
today in the journal, Science. As the BBC's Nigel
Margerison reports, if true, the data would challenge the
current thinking on the history of space and time.

The accepted view up to now is that the birth of the Universe
in the Big Bang catapulted matter outwards and the Universe
has been expanding ever since. But physics decrees that the
force of gravity will cause the acceleration to slow.

This new research shows that instead of slowing, the
expansion is speeding up and that, say the scientists, can
only be explained by anti-gravity, a force opposing the effects
of gravity. The findings are based on data gathered from
observatories around the world and the Hubble Space
telescope.

Some of the most distant objects supernovae or exploding
stars, up to 10bn light years from earth, were observed over a
period of time and their speed of acceleration measured.
Albert Einstein first proposed the concept of anti-gravity but
later discarded the idea.

Even the scientists themselves can't believe their results
saying they have looked for an error but so far can't find one.
If no error is found scientists say the findings will mean the
Big Bang happened longer ago than we thought and would
mean that in billions of years time many of the stars we now
see would have accelerated out of range, making the
universe look a very lonely place.
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Sci/Tech

Universe's expansion
speeds up

Hubble pinpoints distant supernovae

An international team of scientists has found evidence of a
mysterious anti-gravity force that is causing the universe to
expand at an accelerating rate.

The finding supports a concept first proposed by Albert
Einstein, who later discarded the idea and called it his biggest
blunder.

"It is such a strange result we
are still wondering if there is
some other sneaky little effect
climbing in there," said Adam
Riess, an astronomer at the
University of California,
Berkeley.

The 15-member team that
made the discovery "have
looked hard for errors," but
found none, he said.

If true, the discovery could
challenge the current thinking

Einstein discarded his theory of on the history of space and
anti-gravity time.
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Scientists say they discovered the force using the Hubble
Space Telescope and ground-based telescopes in Hawalii,
Australia and Chile while analysing the light arriving from 14
supernovae, or exploding stars, that are seven billion to 10
billion light-years from Earth.

A light-year is the distance that light travels in one year -
about six trillion miles.

The scientists expected to find
that the expansion of the
universe was slowing slightly
from the effect of gravity.
Instead, they say, it is actually
speeding up.

One of the scientists involved,
Robert Kirshner said the
acceleration would continue
and within billions of years
many of the stars now seen
would disappear from view.

1997 photo of a supernova "The universe will be a very
different place to look at," he
said. "It will be very lonely."

Questions answered

If the speed of expansion of the universe is accelerating, it
could solve one problem for astronomers.

Some measurements have put the age of the universe at
about 10 billion years. This is younger than the measured
ages of some stars, a dilemma that has confounded
astronomers.

With the acceleration of the universe factored in, the universe
would have to be about 14 billion years old, some two billion
years older than the oldest star, according to UC Berkeley's
Mr Riess.

The team's conclusion will go through an intensive review by
many astronomers before the results are accepted, according
to Mr Kirshner. He noted however that preliminary results
from a parallel study by another astronomy group agreed with
the findings.
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Russia's'gravity-beating' scientist

ot

Are anti-gravity devices science fiction or fact?

Aircraft manufacturer Boeing'swork on an experimental
anti-gravity device is based on a concept pioneered by
Russian physicist Yevgeny Podkletnov.

BBC Monitoring looksback at hislong and often
controversial career.

Y evgeny Podkletnov was born into a highly educated family in
the Soviet Union in the mid-1950s.

His father was a scientist and a professor in St Petersburg, while
his mother had previously conducted research in the field of
medicine.

Dr Podkletnov himself followed his father into a career in
science, first earning a degree from the Mendeleyev Institute in
Moscow, and then moving on to work at an institute within the
Russian Academy of Sciences.

In the late 1980s, Dr Podkletnov left for Finland to pursue his
research work at the Tampere University of Technology in
Finland.

He first came to prominencein 1992, when he claimed to have
conducted a successful experiment into what he called "gravity
shielding".

Scepticism

Other scientists however, wereinitially unable to reproduce the
results of Dr Podkletnov's experiment in their own laboratories,
and the Russian scientist's research was viewed with
considerable scepticism.

Undeterred, Dr Podkletnov submitted a paper on the research to
the Institute for Physicsin London. It was accepted for print, and
was to be published in October 1996.

IEBINISNS] But, amonth before that, news of his research entered into the

Changeto
World

wider public domain, when the Sunday Telegraph published an
article highlighting the great potential for "anti-gravitation"
technology.

The material for the article, which had been leaked, provoked a

See also:

29 Jul 02 | Science/Nature
Q&A: Boeing and anti-gravity
27 Mar 00 | Science/Nature
Gravity research gets off the
ground

27 Mar 00 | Europe

British probe anti-gravity device

Internet links:

NASA
Quantum Cavorite: Podkletnov

BAe Systems

Boeing Corporation
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broadly negative reaction AP
among the scientific
community at large, and among
Dr Podkletnov's research
colleagues.

A week after the article
appeared, Dr Podkletnov asked
the Institute of Physicsto
withdraw his paper from
publication.

Despite these problems

however, major players have

continued to maintain an -

interest in Dr Podkletnov's _ .
Only in space are the effects of gravity

work. ameliorated

In 2000, the British defence contractor BAe Systems confirmed
that it would be funding research into a device said to modify the
effects of gravity. And now Boeing, the world's largest aircraft
manufacturer, is also using Dr Podklethov's research in its own
programmes.

BBC Monitoring, based in Caversham in southern England,

selects and tranglates information fromradio, television, press,
news agencies and the Internet from 150 countries in more than
70 languages.
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Through a lens clearly - multiple images from across the universe
onAir | By our Science Editor David Whitehouse
Feedback In this section
Low Graphics | New observations made by the Hubble space telescope
Help | suggest that some of our ideas about the Big Bang, the

explosion that started the universe, may need revising.

A team from the University of Arizona has obtained a Hubble
image of a distant galaxy, designated PG 115+080, seen
through a much nearer galaxy.

PG 115+080 is eight billion light years away. The closer galaxy,
three billion light years distant, acts as a 'gravitational lens'
bending light so that the picture we see of PG 115+080 consists
of several distorted images.

This is useful to astronomers because it gives them the chance
to do some simple geometry to measure distances across the
universe based on the path that the light in each image has
travelled

The good news is that using the new Hubble image, it is
possible to measure how fast the universe is expanding. The
new figure agrees with previous estimates.

The bad news is that the big bang cannot easily explain this
observed rate of expansion with the matter the cosmos seems
to contain.

So it seems that the Big Bang theory needs patching up. There
are three possible ways to do this but each adjustment is
unpalatable to astronomers.

« They may have to change what they thought were the
conditions in the big bang
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« They may have to postulate new, so far undiscovered, types
of matter

« Orthey may have to bring back an idea that Albert Einstein
discarded.

Earlier this century, before it was discovered that the universe
was expanding, Einstein tried to explain why it did not collapse.
He came up with an anti-gravity force that holds it up.

When it was discovered in the 1920's that the cosmos expands,
Einstein's new force was dropped. However some astronomers,
while still not liking the idea, point out that it could come in
useful today to explain a few things about the universe.

Despite these problems it is clear that the fundamental basis of
the Big Bang theory, that the universe began in an explosion of
time and space about 13 billion years ago, is not in dispute.

It is just that we do not understand what came next as well as
we thought we did.
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Anti-gravity propulsion comes 'out of the closet’

NICK COOK JDW Aerospace Consultant
London

Boeing, the world's largest aircraft manufacturer, has admitted that it is working on experimental
anti-gravity projects that could overturn a century of conventional aerospace propulsion technology if
the science that underpins them - science that senior Boeing officials describe as "valid" - can be
engineered into hardware.

As part of the effort, which is being run out of Boeing's Phantom Works advanced research and

development facility in Sesattle, the company istrying to solicit the services of a Russian scientist who
claims he has developed 'high-' and 'low-power' anti-gravity devicesin Russia and Finland. The

approach, however, has been thwarted by Russian officialdom.

The Boeing drive to develop a collaborative relationship with the scientist in question, Dr Evgeny
Podkletnov, hasits own internal project name: ‘'GRASP - Gravity Research for Advanced Space
Propulsion.

A briefing document on GRASP obtained by Jane's Defence Weekly sets out what Boeing believes to be
at stake. "If gravity modification isreal," it says, "it will alter the entire aerospace business." The report
was written by Jamie Childress, principal investigator for Boeing's propellentless propulsion work at the
Phantom Works in Seattle.
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GRASP's objective isto explore propellentless propul sion (the aerospace world's more formal term for
anti-gravity), determine the validity of Podkletnov's work and "examine possible uses for such a
technology". Applications, the company says, could include space launch systems, artificial gravity on
spacecraft, aircraft propulsion and 'fuelless' electricity generation - so-called ‘free energy'.

But it is also apparent that Podkletnov's work could be engineered into aradical form of weapon system.
The GRASP paper focuses on Podkletnov's claims that his high-power experiments, using a device
called an 'impulse gravity generator’, are capable of producing a beam of 'gravity-like' energy that can
exert an instantaneous force of 1,000g on any object - enough, in principle, to vaporiseit, especialy if
the object is moving at high speed.

Podkletnov maintains that a laboratory installation in Russia has already demonstrated the 4in
(10.16cm) wide beam's ability to repel objects a kilometre away and that it exhibits negligible power
loss at distances of up to 200km (JDW 24 July). Such adevice, observers say, could be adapted for use
as an anti-satellite weapon or a ballistic missile shield.

The GRASP paper details the beam's reported characteristics: that it isimmune to electromagnetic
shielding, that it can penetrate any intermediate barriers (objects placed between the generator and the
target), that it propagates at very high speed ("possibly light speed or greater”) and that the total forceis
proportional to target mass - that its effect, in other words, is exactly the same as gravity's.

Podkletnov's claims first surfaced in 1992 when he published a paper detailing his low-power
experiments into gravity-shielding using superconductors, materials that lose their electrical resistance
at low temperatures. The origina experiments were conducted at the University of Technology in
Tampere, Finland, before moving to Russia.

Podkletnov, who has a PhD in materials science from Tampere and the University of Chemical
Technology in Moscow, declared that any object placed above his rapidly spinning superconducting
apparatus lost up to 2% of its weight.

Although he was vilified by traditionalists who claimed that gravity-shielding was impossible under the
known laws of physics, the US National Aeronautics and Space Administration (NASA) went on to
attempt areplication of hiswork in the mid-1990s.

Because NASA lacked Podkletnov's unigue formulafor the 30cm yttrium-barium copper oxide (YBCO)
superconducting ceramic discs - aformulathe Russian maintains is critical to the experiment's success -
the attempt failed. NASA's Marshall Space Flight Center in Alabamawill shortly conduct a second set
of experiments, this time using apparatus built to Podkletnov's specifications.

In August 2001, Podkletnov published a paper revealing his experimental high-power work and it isthis
that forms the focus of the GRASP report. Boeing wants to build its own impul se gravity generator at
Seattle but admitsthat it lacks vital knowledge in the area of the Y BCO emitter - Podkletnov's special
superconducting apparatus - which forms the heart of the generator.

As aresult, Boeing recently approached Podkletnov directly, but promptly fell foul of Russian
technology transfer controls. George Muellner, the outgoing head of the Boeing Phantom Works,
confirmed that attempts by Boeing to work with Podkletnov had been blocked by Moscow, which is
seeking to stem the exodus of Russian high-technology to the West. Muellner is convinced, however,
that the science underpinning Podkletnov's work is real.

"The physical principles - and Podkletnov's device is not the only one - appear to be valid," he said. He
confirmed that Boeing had conducted tests on a number of other anti-gravity devices, some of which
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were detailed in JDW 24 July.

"Thereis basic science there. They're not breaking the laws of physics. The issue is whether the science
can be engineered into something workable," Muellner said.

The GRASP briefing document reveals that BAE Systems and Lockheed Martin have also contacted
Podkletnov "and have some activity in thisarea’.

It isaso possible, Boeing admits, that "classified activities in gravity modification may exist". The
paper points out that Podkletnov is strongly anti-military and will only provide assistance if the research
is carried out in the ‘white world' of open development.

GRASP concludes that a " positive result from experiments would give Boeing a substantial advantage
In the aerospace industry”.

Reported operation of high-power gravity device: the YBCO emitter is cooled to
= e superconducting conditions and the inner electric coil produces a magnetic field
= IS0 7 T inddeit. A very high voltage pulse is input to the emitter which then discharges
g "_—H" %"= to the collector. The dischargeis guided and contained by the magnetic field in
—=-""w—-_ |theouter coil
(Source: Jane's/Boeing)

| Diagram showing configuration of low-power gravity modification experiment

—-@_ (Source: Jane's/Boeing)
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Exotic propulsion: Air power ELECTRIC

NICK COOK JDW Aerospace Consultant
London

Intriguing, perplexing, confusing - projectsin thefield of ‘anti-gravity' propulsion may seem the
stuff of science-fiction but are very much the science-fact of today. Nick Cook looks at the
resear ch - and finds some high profile companiesinvolved.

In July 2001, officials from a small Alabama-based research company called Transdimensional
Technologies (TDT) - a concern with strong links to the National Aeronautics and Space Administration
(NASA) - lifted the lid on a set of experiments they boldy claimed would "change virtually every aspect
of our daily lives." Under laboratory conditions, TDT had just tested a tethered subscale model of a
deviceit called the 'Lifter' that had demonstrated its ability to 'fly' using a propulsion methodology that
science is grappling to explain.

The Lifter isthe brainchild of TDT's chief scientist, Jeff Cameron, an electro-optics engineer by
training, who had come by the idea after noticing some anamal ous effects during his experiments with
lasers. Sensing that the twisting motion of afoil and wire component within a part of the laser called a
pre-ioniser was attributable to some unknown force, Cameron adapted the pre-ionising apparatus into a
3-D triangular shape with foil around its edges and a thin wire supported by balsa wood poles running
above its upper surface. When positive and negative charges were run through the wire and the foil, the
model Lifter levitated off the bench, making a crackling noise and spraying a colourful corona
discharge.
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By treating the triangular shape asa'cell’', TDT began scaling its Lifter, using increasing numbers of
cells to make bigger and heavier 'craft’. Lifters have no moving parts and do not need to be aerodynamic
in shape to get off the ground.

Soon after TDT published its findings, a French physicist, Jean-L ouis Naudin, replicated the US
company's experiments and quantified the lift produced. The biggest craft, the Lifter 4, used 36 cells
joined together to form a basic hexagonal shape 820mm by 700mm in dimension. Constructed using the
same materialsasthe TDT Lifters - aluminium foil, balsawood and wire - Naudin's Lifter Version 4
weighed 32g and needed approximately 81W of power (40 kV at 2.01 mA) to levitate. To maintain
stability in flight, it required 132.9W (44 kV at 3.02 mA). "The Lifter v4.0 is able to accel erate upwards
very quickly and silently,” Naudin reported, "and it is very stable during hovering.”" When word spread
on the Internet of the TDT and Naudin tests, dozens of amateur engineers got in on the act. Using
materials that can be found in hardware stores, they have consistently demonstrated that their lifters can
and do 'fly' in and out of the laboratory.

It would be difficult for anyone to dispute the redlity of lifters - films and still photos depict a plethora
of lifter designs 'flying' on multiple websites. The $64,000 dollar question is: why are they flying at al?
Some believe that their lift derives from an effect known as 'ion wind' - a 'breeze' caused by the
movement of electrons crossing the gap between the wire and the foil. In 1964, Alexander De Seversky,
founder of the Republic aviation company, patented alifter-like design called the ‘ionocraft' that relied
on just such an effect for its postulated lift - but no such craft was ever built.

Although lifters can be steered by varying the power to the cells, the models are so light that if they are
flown in the open they get blown around, even in alight breeze. What is needed, according to Graham
Ennis, who organised the First International Field Propulsion Conference in Brighton, UK, last year, is
for the effect to be tested on a 10m craft with a much higher voltage throughput - 10 or 20 times higher
than the 20-45 kV typically applied to date. "The actual thrust is not linear. It increases by the square of
the voltage. If you double the voltage you'll get four times as much thrust. To be effective, lifters not
only need more voltages, but something hitherto not done: avery lightweight, very high voltage power

supply,” Ennis says.

TDT's Cameron admits that ion wind is generated by his company's Lifters, but it isfar too slight, he
says, to explain the levitational effect. If an obstruction is placed between the wire and the foil, thereby
blocking the flow of electrons, the Lifter continuesto levitate, he maintains. "We know enough about
ion wind to determine how much is created and what it can push. Thereisinsufficient ion wind to lift
thistest article." Tim Ventura, a Seattle-based lifter-builder, who has studied the phenomenon and the
technology at length, is also sceptical that ion wind explains alifter's ability to fly. "I think that ion wind
Isacomponent, but it's not the whole answer,” he says. The question, however, remains. Isthe lifter
effect alaboratory curiosity or does it have some practical utility to aerospace development?

The TDT work has sparked further controversy via claimsthat it is not a new effect at all but a
reworking of a phenomenon discovered by a US inventor called Thomas Townsend Brown in the late
1920s. Brown postulated a novel form of lift based on the assertion that an ‘asymmetric capacitor' - a
disc-shaped plate, slightly domed on one side, capable of retaining alarge electrical charge - would
experience thrust in the direction of its positive pole when charged negatively on one side and positively
on the other. Intentionally or not, Cameron's Lifters are actually three dimensional representations of
Brown's asymmetric plates, only on the liftersit isthe air between the wire and the foil that acts as the
capacitor.

In 1952, Brown went on to submit a proposal for a'joint services technology demonstration



programme, 'Project Winterhaven', that was designed to lead to a M 3 disc-shaped interceptor powered
via his electro-kinetic propulsion principles. A series of tests demonstrated to the US Air Force in the
mid-1950s, in which 3ft diameter disc-shaped capacitors were supposedly charged at 150 kV, were said
by some contemporary sources to have exhibited results "so impressive as to be highly classified."
Brown also fell victim to the claim that the 'Biefeld-Brown effect' was attributable to ion wind - aclaim
he sought to refute by demonstrating the ability of his capacitors to levitate in a vacuum. According to
Ventura, lifters have aso performed successfully under vacuum conditions. But ion wind or not - and, in
a sense, proponents say, what does it matter, if it leads to an entirely new form of aero-propulsion - the
lifter debate and Brown's work are attracting the attention of some high-profile organisations. Indeed,
there are signs that after years on the shelf as ataboo science, electrogravitics - antigravity by another
name - is under the microscope of government agencies and aerospace companies as they seek to find
breakthrough propulsion technol ogies that could catapult aviation into a new era. The US Congress
recently voted to give $4.75 million of US taxpayers money to the West Virginia-based I nstitute of
Software Research (ISR) to seeiif its scientists could independently verify the bold claims being made
for the lifters.

Earlier thisyear, NASA clamed it had discovered a"method for generating thrust from two
dimensional asymmetrical capacitor modules" and filed US Patent No. 6,317,310 to register its
‘breakthrough’. The space agency's observation that implementation of the patent would result in
"potentially greater efficiencies and improved reliability over currently available electric thrusters®
pointsto its manifest interest in the 'modules’ as potential orbital transfer engines for satellites or other
kinds of space vehicle. But in lodging the patent, NASA opened itself to a barrage of criticism from
electrogravitic afficionados that it is patenting a discovery already made - and patented - by Brown a
half century earlier. What is significant, however, isNASA's open acknowledgment of aform of thrust
generation that neither it nor anyone else can adequately explain by known scientific principles.

NASA's quest for leap-ahead propulsion technologies was launched in 1996 under the Breakthrough
Propulsion Physics (BPP) programme, run out of the NASA Glenn Research Center in Cleveland, Ohio.
BPP is asubset of NASA's Advanced Space Transportation Plan (ASTP) managed by the NASA
Marshall Space Flight Center in Huntsville, Alabama. ASTP's wide-ranging remit was to scout out
bold-strokes technologies designed to lead to visionary forms of space propulsion that in the near term
could reduce the cost of space access and within 100 years or so, as the project evolved, lead to true
quantum leap propulsion advances capable perhaps of taking man to the stars. Under BPP, NASA Glenn
was handed aremit to fund research into emerging principles that might lead to forms of propulsion
hitherto regarded as impossible.

For example, it has been looking at ways of overcoming the supposedly unbreachable light-speed
barrier as well as the manipulation of poorly understood physical forces such as gravity and inertia.

Despite its public appeal and relative low-cost - atotal budget over seven years of $1.7 million - BPP
was notified at the end of June that its funds were being cut and diverted into nearer-term NASA
space-launch and propulsion research. Although BPP may still be resurrected - attempts are being made
to 'park’ it into a non-profit institute that could be configured to receive funds from other government
agencies or industry sponsors - the outlook, according to officials close to the programme, is not good.
BPP, they say, has ended up a"collateral casualty" of fallout from an investigation by the Office of
Management and Budget (OMB) into what OMB has perceived as overlapping research by NASA
Glenn, NASA Marshall and the ISR in 'breakthrough' areas of propulsion physics.

Among other criticisms, according to Marc Millis, who founded the BPP programme, OMB objected to
the amount of funding that had been devoted to the testing of claims that gravity may be 'shielded' to



produce alevitation effect. Thistask, though related to the BPP effort, was actually pursued as an
in-house effort by NASA Marshall, which from 1996 has been seeking to verify claims by a Russian
materials scientist that objects can lose their weight by up to 5% when placed above superconducting
ceramic discs rotated at high speed. The scientist, Dr Evgeny Podkletnov, discovered the effect while
working at the University of Tampere, Finland, in the early 1990s. When he published his claims,

however, he was vilified by traditionalists who said that 'gravity shielding' was impossible.

But Podkletnov has demonstrated to the satisfaction of many that some kind of weight reduction effect
Istaking place and with its obvious potential utility in reducing launch weights - and therefore launch
costs - NASA Marshall quickly registered its interest. It had already been approached by aresearcher at
the University of Alabamain Huntsville, Ning Li, who independently claimed that she could produce a
‘gravity-like field' capable of repelling or attracting matter using rapidly spinning superconductors,
materials that lose their electrical resistance at low temperatures. In the mid-1990s, NASA Marshall
unsuccessfully tried to replicate Podkletnov's experiments, but without the Russian scientist's unique
formulafor his 30cm yttrium-barium copper oxide superconducting discs, the agency admitted it was
largely operating in the dark. In 1999, it paid $600,000 to a Columbus, Ohio, company called
Superconductive Components (SCI) to construct discs like the ones Podkletnov had been using in
Russia and Finland and Podkletnov was hired as a consultant. After some delay, it is expected shortly to
take delivery of SCI's superconducting apparatus. Ron Koczor, who heads up the programme at NASA,
Is confident that the experiment will go ahead, despite the OMB's investigation into what it sees as
wasteful and unnecessary duplication of US government-funded research.

Li and Podkletnov have continued with their work. While Li has gone to ground, apparently to produce
aworkable derivative of her '"AC gravity machine' - which, she says, will be able to produce a beamed,
‘gravity-like' force in any direction - Podkletnov, now based at the Moscow Chemical Scientific
Research Centre, has taken hisideas further, publishing claims - backed by an Italian physicist,
Giovanni Modanese of the California Institute for Physics and Astrophysics and the University of
Bolzano, northern Italy - that he has developed what he refers to as an 'impulse gravity generator'
capable of exerting arepulsive force on al matter.

Using atwo- to 10-million Volt power supply developed recently in Russia- it is, significantly,
Podkletnov says, no bigger than afridge - a strong electrical discharge source and arapidly rotating
superconductor, Podkletnov's equipment has produced a 'gravity impulse, he claims, “that is very short
in time and propagates with great speed (practically instantaneously) along the line of discharge passing
through different objects without any observable loss of energy".

The result, he maintains, is arepulsive action on any object the beam hits that is proportional to its
mass. Using alaser pointer, Podkletnov says that his'laboratory installation' has demonstrated its ability
to knock over objects more than a kilometre away.

"Our theoretical studies give grounds to claims that the gravity impulse will have negligible power loss
at adistance of up to 200km when propagating through air and space," he adds. He is already proposing
practical applications of the device. "Even our |aboratory-scale installation, when combined with a
precise modern radar system gives us a possibility to change the trajectories of satellites*. While there
are no independent verifications of Podkletnov's claims, the fact that his work is being taken seriously
by NASA, at least, should lend some credence to them, proponents say.

Podkletnov says that hisimpulse gravity generator could be engineered into aradical new form of
aero-engine, but it is also apparent that it could be developed into a new form of weapon - one that
could knock satellites from their orbits or ballistic missiles from their impact tragjectories. Jane's
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Defence Weekly understands that one US aerospace company - Boeing - could already be working on a
derivative of Podkletnov's impulse generator. Boeing admits that its Phantom Works advanced projects
division "is aware of Podkletnov's work on an impulse gravity generator and would be interested in
seeing further development work being done."

The company, however, may have already taken steps towards assembling a device - possibly under
classified auspices. Informed sources maintain that it has proposed a 'gravity modification experimental
setup' using a superconducting disc housed in a stainless steel vacuum chamber and linked to a3 mV
Van de Graaff generator. The sources told JDW-: " Some preliminary work has been done by Boeing in
assembling the electrical part of the 'gravity gun’, but the company still has a problem with the
superconducting emitter." The claims and the company's response to them show, if nothing else, that
Boeing, like NASA, isengaging in new and little-understood areas of physicsin attempts to develop a
fundamental understanding of phenomenathat could lead to breakthroughs.

Boeing deniesthat it isfunding "any activities' in this area, but it declined to be interviewed on any
aspect of itsinterest in Podkletnov's work - or its other ‘anti-gravity' type research projects. One of
these was well documented in a publication called 'Infinite Energy’, which reported that the Phantom
Works ran testsin late 1999 of a'two-rotor reactionless drive unit' built by a California-based inventor
called Robert Cook. The tests were led by Jamie Childress, 'principal investigator' in thisfield for the
Phantom Works in Seattle. On 29 November, 1999, the magazine reported, the reactionless drive unit
"proved itself by accelerating a series of 5lb weights from zero to over 1,000ft per minute in afraction
of a second and then decel erating them without producing the 90 to 100lb negative reaction force
required by Newton's Third Law of action-reaction.” The Cook Inertial Propulsion (CIP) engine uses a
pair of counter-rotating arms spinning about a common axle to convert centrifugal force into linear
force. By adding additional rotors, Cook says that he can markedly increase the thrust.

The reason for Boeing's interest in the CIP and Podkletnov's impulse gravity work remains unclear, but
it isapparent, just asit was in the mid-1950s - when Convair, Martin and other US aerospace companies
revealed their deep involvement in gravity-led research programmes, then fell silent on the subject - that
aquest for radically alternative propulsion methodologiesis firmly rooted in its agenda.

TDT'sbasic, singletriangular cell Lifter photographed using light-enhanced
photography shows the device's electrical corona - a side-effect of high-voltage
charge transfer

(Source: American Antigravity)

TDT s third Lifter measures 1m on each side and generates lift through four
~ triangular cells
(Source: American Antigravity)

Close-up of Lifter 3inflight at TDT'slaboratory in Alabama
(Source: American Antigravity)
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The Cook Inertial Propulsion unit being prepared for a strain-gauge test at Boeing's
facility in Seattle
(Source: Boeing)

= Californian inventor Robert Cook, right, pictured at the tests of hisinertial propulsion
system by Boeing
(Source: Boeing)

" "O Boeing's stainless steel vacuum chamber proposed for the Podklethov experiments
=& & (Source: Boeing)
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Boeing's Van de Graaff generator proposed for the Podkletnov experiments
(Source: Boeing)
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Electrogravitics: the positive approach

One area of research not included in the NASA Breakthrough Propulsion Physics study, but whichis
touted by some as having the potential to leap the current state of the art in aerospace technology, is
‘electrogravitics.

Thisisapostulated form of lift based on the controversial assertion that a capacitor charged positively
on one side and negatively on the other will experience weight loss, exhibiting thrust in the direction of
its positive pole.

In 1952, the man generally described as the ‘father of electrogravitics, US inventor Thomas Townsend
Brown, submitted a proposal for a'joint services research and development contract' outlining an
electrogravitics aerospace programme called 'Project Winterhaven'. This set out how the US military
could go about constructing a Mach 3 manned interceptor utilising electrogravitics technology. Brown
based his data on a series of demonstrations he gave to the US Navy immediately after the Second
World War.

In these and subsequent tests, 2ft (61cm) diameter disc-shaped capacitors charged with 50 kilovolts and
a continuous energy input of 50 watts are said to have achieved a speed of 17ft/sin acircular air course
20ft in diameter. A second series of tests, in which dlightly larger discs were supposedly charged at 150
kilovolts, were rumoured in the mid-1950s to have exhibited results "'so impressive as to be highly
classified". This has led to claims by proponents of the technology that the US government has
conducted a clandestine electrogravitics effort ever since under the auspices of a'deep black' test
programme.
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L ending possible credence to that assertion is this photograph, published here for the first time. It is
purportedly of a sub-scale electrogravitics experimental air vehicle mounted on a wind-tunnel test-stand
somewhere in the USA. Although Jane's Defence Weekly cannot verify its origins, it appears to have
been taken in the late 1950s or early 1960s. Intriguingly, Brown recommended the construction of a 10ft
diameter disc charged at 500 kilovolts as part of 'Project Winterhaven'.

Officidly, the US Air Force and Navy lost interest in electrogravitics when their analysis showed that
the movement of Brown's capacitors was caused by ‘ionic wind' - the displacement of ions around the
surface of the charged plates. Brown later claimed to refute this by conducting the tests in a vacuum.

With one or two exceptions, aerospace companies have studiously ignored breakthrough propulsion
concepts such as those proposed by Brown and Podkletnov. BAE Systems describes its 'Project
Greenglow' initiative as a " speculative research programme" into esoteric propulsion concepts (such as
anti-gravity) and the Boeing Phantom Works recently conducted tests on a 'reactionless drive' device
that apparently contravenes Newton's Third Law of action-reaction. Boeing concluded that the device,
which uses two spinning arms transferred through three-dimensions, did work, though not yet at the
required impulses for endo-atmospheric propulsion or practical space flight.

Echoing Frank Whittle's early pioneering work on turbojets in the 1920s and 1930s, however, there are
those who say it might just be the start of something with far-reaching consequences for the entire future
of transportation.

Thislate 1950s or early 1960s pictureis said to be a sub-scale electrogravitics
experimental air vehicle mounted on a wind-tunnel test stand
(Source: Jane's)

© 2000 Jane's Information Group

@ Jane's Information Group 2002
Terms of Use

Powered by Verity



http://www6.janes.com/pmp/indirect.pmp?match=BAE+Systems&doc=http://www4.janes.com/search97cgi/s97_cgi%3Faction%3DView%26VdkVgwKey%3D/content1/janesdata/mags/jdw/history/jdw2000/jdw53791.htm%26Collection%3Darchive_Mags%26Collection%3Darchive_Dir%26Collection%3Darchive_yb%26%26Prod_Name%3DJDW%26QueryZip%3D%28%5B0.8%5D%28anti-gravity%29%2B%253Cor%253E%2B%2B%5B1.0%5D%28%2Banti-gravity%2B%253Cand%253E%2B%28anti-gravity%2B%253Cin%253E%2Btitle%29%2B%29%29%26
http://www6.janes.com/pmp/indirect.pmp?match=Phantom&doc=http://www4.janes.com/search97cgi/s97_cgi%3Faction%3DView%26VdkVgwKey%3D/content1/janesdata/mags/jdw/history/jdw2000/jdw53791.htm%26Collection%3Darchive_Mags%26Collection%3Darchive_Dir%26Collection%3Darchive_yb%26%26Prod_Name%3DJDW%26QueryZip%3D%28%5B0.8%5D%28anti-gravity%29%2B%253Cor%253E%2B%2B%5B1.0%5D%28%2Banti-gravity%2B%253Cand%253E%2B%28anti-gravity%2B%253Cin%253E%2Btitle%29%2B%29%29%26
http://www2.janes.com/public/terms.html
http://www.verity.com/




Janes Use Jane’s Data Service e

WWW.|janes.com - :’-.‘

Online Research Online Channels

Jane's Services

My Account

@Frim friendly page

5 Images
FEATURES

Date Posted: July 24, 2000
JANE'S DEFENCE WEEKLY - JULY 26, 2000

WARP DRIVE: WHEN?

INTRODUCTION:

NASA recently awarded a set of contractsthat aim to proveif propulsion concepts behind the
war p-drive system of the Starship Enterprise may be closer to reality than wethink. Nick Cook
reports on the breakthrough science that may one day make current aer ospace technology as
relevant asthe Steam Age

Nick Cook JDW's Aviation Editor
L ondon

In three years time it will be exactly a century since the Wright Brothers achieved sustained powered
flight at Kitty Hawk, North Carolina. Compared to ships and trains, aviation is still a young mode of
transport, but already some people are asking whether it has hit the buffers of scientific limits.

On both sides of the Atlantic, aerospace companies and government research centres spend millions of
dollars annually to reduce airframe drag factors by increments of a percentage point or two.

In the propulsion field, an investment of hundreds of millions of dollarsis required from one generation
of engine to the next to reduce fuel consumption figures by fractions. In spaceflight, the rockets that loft
satellites into orbit at a cost of $5,000 per kilogram comprise the same basic technology asthe V2
ballistic missiles developed by Germany during the Second World War. To go beyond the Space Shuttle
Orbiter, the US government will spend billions more dollars developing atotally reusable launch
vehicle, the VentureStar.
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Y et, even VentureStar, which - if it ever goes ahead - will represent an enormous leap forward, will fall
victim to the same laws of physics as any other rocket. At the moment of launch, fuel will account for
amost 90% of its weight, and this simply to deliver arelatively small payload into low earth orbit.
Brute force solutions to air and space flight require high energy levels to sustain them; and this - for
aircraft aswell as rockets - means heavy, expensive and potentially explosive fuel loads.

At the US National Aeronautics and Space Administration (NASA), atiny research effort costing
approximately half amillion dollars has been set up to pose, rather than answer, a ssimple series of
guestions: does aerospace propulsion have to remain locked into thisincremental improvement cycle?
Or are there quantum leaps in science that can be tapped into to circumvent the evolutionary process - as
was achieved with the development of the jet engine more than half a century ago?

The NASA effort is called the Breakthrough Propulsion Physics (BPP) programme and it is run out of
the administration’'s Glenn Research Center at Cleveland, Ohio.

Although only peripherally seeking endo-atmospheric payoffs, as the big picture is mainly concerned
with space travel, BPP does raise fundamental questions about the future of aerospace as a scientific and
engineering discipline. That it is doing so now hinges on the fact that NASA officias believe there may
be "emerging clues’ to new propulsion methods, based on some recent "provocative devel opments”,
that could point the way to some startling advances.

BPP is part of the Advanced Space Transportation Plan (ASTP), managed by the NASA Marshall Space
Flight Center in Alabama. ASTP is along-range effort that seeks to develop new low-cost space launch
and transfer technol ogies.

Its remit is also to come up with visionary ideas for future space transport systems - ideas that if ever
trandated into hardware might make future trips to other star systems possible.

BPP stemmed from some fundamental questions asked by NASA administrator Dan Goldin in 1996
about perceived physical limits to the advancement of aerospace and the exploration of space - areas
such as light speed and gravity control. The former was until recently deemed to be unsurpassable, the
latter little more than a notional curiosity.

One of the people within the organisation also asking these questions was Marc Millisat NASA Glenn
(formerly the NASA Lewis Research Center). Millis and a number of colleagues had been scanning
physics literature for years for theoretical ideas; many of them more closely allied to science-fiction
than physical reality; that might one day be exploited for deep space travel. The results were posted on a
website called "Warp-Drive: When?

The website managed to catch the attention of the ASTP team at Marshall, which had staff of its own
examining similar kinds of issues. 'Warp-Drive: When? examines theories ranging from the potential
existence of ‘worm-holes' - portals connecting distant parts of the universe - and the feasibility of
bending space-time, the principle at the heart of the Starship Enterprise's warp-drive system in the 'Star
Trek' television series.

BPP became official when NASA Marshall asked Millis to propose aformal programme based on what,
until then, had largely been a hobby.

"In the NASA charter we're supposed to sustain pre-eminence in the science and technology of air- and
gpace-flight,"” Millis says. "To do that we have to look at the edge." Determining the location of the
‘edge’ was not easy.



Millisillustrates the point with a chart that shows technology on a scale spanning ‘routine' - that which
Isin use today - to ‘conjecture’ - ideas that are based on "visions without knowledge", the stuff of
science-fiction.

"We're also supposed to be prudent investors of the tax-payer's money, which means you have to strike
abalance," he says. Consequently, BPP, which is categorised as ‘emerging science, is positioned on
Millis chart somewhere between 'science’ (" nature understood: when you know what is theoretically
possible") and 'speculation’ (*knowledgeable conjecture: when you know what you know, and know
what you don't"). It is so cutting-edge that much of it is based on science that traditionalists would write
off asimpossible.

BPP'saim isto deliver progress towards achieving breakthroughs, rather than delivering the
breakthroughs themselves. In seeking submissions that would challenge thinking in many areas of
accepted physics, it has received 13 proposals that Millis and his panel of expert reviewers considered
acceptable. But with its $450,000 budget, it could only afford to let five contracts. These were awarded
between December 1999 and February this year.

The successful bidders placed considerable importance on experimental observation viawhat Millis
describes as "affordable, short-term, relevant research”. They must submit their results within the next
12 months to three years.

The first experiment, by Dr John Cramer of Washington University, Seattle, will test atransient inertia
effect supposedly observed a decade ago by a scientist called James Woodward in which it was asserted
via experiment and theory that a change in inertiais possible with a sudden energy density change.

Manipulate the inertia of an object like a spacecraft and you have the ability to dramatically reduce, if
not negate altogether, its need for propellant. But thisimplies afundamentally new way of creating
motion and a fundamental shift in our understanding of physics. Cramer's experiment is designed to
prove one way or another whether Woodward's original experimentation was sound or flawed. The
second experiment by Dr Jordan Maclay and a small industry team from Hunstville, Alabama, will

examine the existence of the so-called Zero Point Energy (ZPE) field and whether it exists at the
magnitudes that have been postulated. If so, it could be of immense practical value for space travel as
well as leading to entirely new sources of non-polluting energy here on earth.

For some years there has been a devel oping understanding that space is not the empty vacuum of
traditional theory, but a seething mass of energy, with particles arising and disappearing and fields
continuously fluctuating about their 'zero-point' baselines. These fluctuations of the vacuum remain
even at absolute zero or the zero point of temperature - hence the name. If the ZPE field can be 'mined'
in space for practical use it would yield an infinite energy source for propulsion.

The third experiment is atest of 'electrodynamic torsion tensor theory'. Thiswill examine the as yet
unproven link between electromagnetism and gravity and its impact on space-time. "The immediate
utility (for propulsion purposes) is not obvious,” Millis says, "but it's like afoot in the door."
Perturbations of space-time, however, open up esoteric possibilities such astime travel, aswell asthe
potential for crossing vast oceans of the universe.

The fourth experiment, by Dr Kevin Malloy of the University of New Mexico in Albuquergue, looks at

‘superluminal quantum tunnelling': faster-than-light speed. Recent tests have shown light pulses
apparently accelerating beyond the speed of light, thereby shattering Einstein's theory of relativity,
which says the light speed barrier cannot be breached.

The BPP experiment aimsto prove definitively whether the superluminal effect isindeed real. "It's
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really only touching on the make or break issue of whether you can have afaster than light
phenomenon,” Millis says. "If the answer is'yes, how that translates into space travel isway down the
pike."

The fifth experiment is no less controversial. Conducted under the auspices of the Marshall Space Flight
Center itself, it will set out to prove or disprove a highly contentious claim by Russian scientist Evgeny
Podkletnov, that he has negated the forces of gravity using super-conducting ceramic discs rotated
above powerful electromagnets. The claims were first made public in 1996 when Podkletnov, a
materials scientist, was working at the University of Tampere in Finland.

Since then, NASA Marshall and the University of Alabama at Huntsville (UAH) have been putting his
claim to the test. They have found cause to believe that something unusual is occurring, although the
precise nature of the effect is a matter of conjecture. In hisinitial tests, Podkletnov claimed that objects
he placed above superconductors spinning at 5,000rpm were losing 2% of their weight and, crucially,
that the tests were repeatable.

More recently, at alecture organised by BAE Systems at the University of Sheffield in the UK in
February this year, Podkletnov openly claimed that for a short period of time objects placed in the area
of influence above the disc were losing up to 5% of their weight. Higher rotation speeds, Podkletnov
told Jane's Defence Weekly, had shown that even more dramatic reductions were possible.

Podkletnov, who is now working with the Japanese industry to fine-tune his findings and produce
hardware, maintains that the key to success lies in the way in which the superconducting discs are
fabricated - a secret he is keeping close to his chest. Part of the problem faced by the NASA/UAH team
has been itsinability to reproduce superconductors of the size and fidelity Podkletnov says are needed
to achieve the desired results.

Under a small business industry research grant outside the BPP programme but running in paralel, a
company in Columbus, Ohio, will seek to demonstrate the feasibility of building discs suitable for the
BPP gravity shielding experiments - aterm with which even Millisis uncomfortable. "It's more accurate
to call it an anomalous gravitational effect, but even whether or not it's a gravitational effect isjumping
the gun," he says. It could, he adds, simply be an experimental error.

If Podkletnov has discovered a genuine effect, however, itsimpact on aerospace could be enormous,
which iswhy NASA feelsit cannot afford to ignore hiswork. "If using controllable hardware, you can
be creating forces at a distance or manipulating gravity and inertia, it would be a breakthrough and have
substantial utility to aNASA mission,” Millis says.

Although physicists do not like to use the term "anti-gravity', because of its pseudo-scientific
connotations, such hardware would usher in an entire new era of propulsion. Podkletnov himself is
convinced that his work will be applied to endo-atmospheric aerospace vehicles as well as spacecraft -
and sooner, perhaps, than the world of conventional aerospace engineering would like to think.

In experiments using rotation speeds far in excess of those used in his early work, Podkletnov said that
his superconducting discs had actually taken off.

The US Air Force maintains close links with BPP and is updated at significant milestones. It conducted
investigations of its own into breakthrough propulsion physics - one such was the 1990 Electric
Propulsion Study commissioned by the Space Systems Division of Air Force Systems Command at
Edwards Air Force Base, California. "If the US Air Force or Navy are doing restricted work in this area,
it's not a part of this programme,” Millis says, as the BPP programme aims to keep work in the public
domain and unrestricted.
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And if NASA does hit upon area breakthrough? "We have to keep an eye out for how things are
advancing," Millis says. "For example, if we were to have a breakthrough where you could immediately
engineer a device, then we have to reassess what is the impact of this. By having the air force and other
military people as part of the network means we're just poised to do that should it happen.”

NASA's Breakthrough Propulsion Programme want to determine if a space flight
system like the starship Enterprise's warp drive system could be a reality
(Source: Paramount Pictures)

Hypothetical spacecraft with a "negative energy" induction ring, inspired by recent
o theories describing how space could be war ped with negative energy to produce

I_ Recognising a pattern from historical breakthroughs
5 = ~ | (Source: Jane's)
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Satus of potential breakthrough propulsion
(Source: Jane's)

http: //mww.gr c.nasa.gov/\WWMW/PAO/war p.htm
(Source: Jane's)
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Status of potential breakthrough propulsion

(comparad 1o a scale of tachnological advancement)
< Mature technology: Devices ready for common use
< Science applied: Devices engineered, built, tested

= Mature understood:

When you know what is "theoretically possible”

-
2%
=7

< Knowladgeable conjecture: When you know
what you know, and know what you don't

= The very beginning: Visions without knowledge
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BY LI NE:
Ni ck Cook

| NTRODUCTI ON:
Not only the US Air Force is investing tine and noney in future air
vehi cl e technol ogy, as N ck Cook reports

TEXT:

Technol ogi sts who dabble in the interpretation of visions do not

al ways get it right. Take this exanple froma specialist US aviation
magazi ne in 1956: "We're already working with equi pment to cance

out gravity," Lawrence D Bell, founder of the conpany that bears his
nane, was quoted as saying.

Bel |, apparently, was not the only one working in this field. Qhers
said to be seeking to master this arcane “science' included the

G enn L Martin Conpany, Convair, Lear and Sperry Gyroscope. Wthin a
few years, we were assured, aircraft, cars, submarines and power
stations would all be driven by this radical new propul sion

technol ogy. Sadly, it was not to be.

However, despite sone notabl e setbacks, the US Air Force has never
given up on its “vision'. The word recurs again and again in service
literature and is always on the |lips of those who run its science
and technol ogy (S&T) programes. In no other air force - in no other
nation - is such prom nence given to the techno-visionary.

USAF is constantly looking 25 to 30 years ahead. It encourages those
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who work within the service - and the conpanies that build systens
for it - to gaze into the future, to set anbitious goals and to
strive to realize them It goes so far as to map out this vision in
uncl assified literature - the periodically released "Air Force S&T
Programi - and has a formal nechani smfor bringing revolutionary
technol ogies to the boil. The | atest exanple of this, Project
Forecast Il - the third in a series of studies going back to 1944 -
was published in 1985.

Bet ween the S&T Program and Forecast |1, we are afforded a glinpse
of what might be in 2020. By comparing these docunents with the

Pent agon' s | ast Defense Technol ogy Pl an, published |ast Septenber,
whi ch gazes a maxi num of 10 years ahead, it is also possible to zero
in on what revolutionary advances USAF may be | ooking for. The
picture is only partly representative because of the enornous
resources allocated to “black' projects, progranmes so sensitive
that, technically, they do not exist. By their very nature, nany
future projects fall into this category. The picture is also blurred
by USAF's failure to publish an ~S&T Program since 1990 and the
enornous political and nmilitary upheavals that have taken place in
the interim

Yet, revolutionary technol ogy, according to USAF, is only partly
dependent on these external forces. As well as what USAF calls
“capability needs' - requirenents specified by its user commands -
the other big driver is “technology innovation': "the process," says
the S&T Program "whereby an air force | aboratory or industry team
concei ves of a new technology and interests users in exploiting its
capability."” It goes on: "Mst of the really significant

i mprovenents in mlitary technology - radar, jet engines and the
atom c bonb - occur this way." Even so, quantumleaps require a
great deal of funding, and the USAF' s S&T community, |ike the rest
of the US mlitary, finds itself with a static budget and short on
personnel . USAF R&D and S&T funding for FY95, however, still hovers
around the $11.5 billion mark - a consi derabl e ambunt of noney.
Enough, certainly, to transition sone key technol ogies to the user
commands and so naintain technol ogi cal superiority, considered by
USAF to be the "“backbone of deterrence', well into the 21st century.

HYPERSONI CS

Despite a rash of observer “sightings' of unidentified high speed,
high flying air vehicles in the late 1980s and early 1990s, the US
Governnent has consistently denied it has devel oped or is devel opi ng
an aircraft to replace the Mach 3-plus Lockheed SR-71 strategic
reconnai ssance platform Its blanket denials of an ~Aurora-type
capability included hypersonic aircraft for mssions other than
reconnai ssance.

That USAF entertai ned hypersonic anbitions for a range of roles in
the md-to-late 1980s, however, is not in dispute. Four out of eight
“mission area sunmaries' for air vehicles in the 1990 S&T Pl an' -
strategic offence, strategic defence, space and recce/intel - called
for a NASP-derived vehicle to replace current bonbers, orbital

[ aunch vehicl es and reconnai ssance aircraft.

NASP was t he X-30

Nati onal Aero-Space Plane, a NASA-led effort, since cancelled on
fundi ng and technical grounds.

Forecast Il said: "The air force will be able to go into space and
de-orbit on demand as a result of the inproved understandi ng of
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hyper soni ¢ aerodynani cs, particularly in the Mach 8 and Mach 25
regine." Wth NASP cancel |l ed and, apparently, no Aurora capability
in the offing either, does this nmean USAF has abandoned all hope of
fielding a hypersonic platformin the future? Apparently not.

In | ast year's Defense Technol ogy Plan, a "roadmap of technol ogy
objectives' lists a "flight denbnstration of (a) Mach 8

hydr ocar bon-fuel |l ed scranj et (supersonic conbustion ranjet)" as one
of its key goals by 2005 in the aerospace propul sion field.

El sewhere, the docunent says, "the denonstration of a scranjet to
M>12 may | ay the foundation for single-stage to orbit space | aunch.™
That such a capability is not undergoing significant devel opnent in
the classified R&D arena woul d, many qualified observers believe, be
hi ghl y unusual . Mastering hypersonics is certainly consistent with
one of two current overriding drives within USAF | abs - operating at
ever increasing range fromthe Continental USA (the other is naking
current technol ogies nore affordable) as US overseas forces
contract.

GAS TURBI NE | NCREMENTS

Research into nore conventional aero-engine propul sion continues via
the I ntegrated Hi gh-Performance Turbine Engi ne Technol ogy (| HPTET)
programe and other conparable efforts outside the USA. By 2005, the
| HFTET will be delivering 100 per cent thrust-to-weight inprovenents
over current fighter-type jet engines.

In the UK, Rolls-Royce is |locked into a technol ogy denonstration
schedul e that, all things being equal, will see it running a conbat
engine in the sane tinme period with a 60 per cent inprovement in
thrust-to-weight ratio over the Eurofighter 2000's EJ 200 - an

ai rfranme-powerpl ant conbi nation that, as Jane's Defence Wekly went
to press, is yet to fly. Though | ess dramatic inprovenents will

al ways be sought in other aspects of engine devel opnent - fuel burn,
life-cycle and acquisition cost, for exanple - radical enhancenents
of the jet engine itself are finite. Doubling the power-to-weight
rati o again by 2020 may sinply not be worth the effort or cost.
Alternatively, pushing for all-out power may have an adverse effect
in other areas, such as "signature managenent', ensuring engi nes
remain as stealthy as their airfranes.

THE SUPER COCKPI T

"Machi nes," according to Forecast |Il, "nmust respond reliably to

voi ce commands and eye notion signals, and nan and machi ne nust
interact to share the sense of touch.” An area of research that wll
be critical in achieving this is virtual reality. It is predicted
that the virtual cockpit - the pilot deriving his or her entire view
of the outside world via cockpit and hel net displays - wll begin
equi ppi ng operational aircraft in 2020. Research at Aeronautica
Systens Center |aboratories at Wight-Patterson Air Force Base,

Ohi 0, enbodi es the essence of what USAF calls the Super Cockpit.
According to Forecast Il, a two-way flow of visual and aura
informati on between pilot and aircraft will enable himor her to aim
and fire weapons or to activate other cockpit functions sinmply by

| ooking or talking. Add "thinking' to that list and the picture is
even nore conpl ete.

Revol uti onary advances in the cockpit will be hel ped by a shift
towards conmercial off-the-shelf avionics, especially in the
conput er processor arena.
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Modul ar avi oni cs, based on slide-in, slide-out processor cards, wll
all ow users to inprove sensors and cockpit systens without

i mpl ementing costly md-Iife upgrades. Situational awareness will

al so be vastly inproved thanks to real-tinme access to satellite
conmmuni cations, inmagery and other intelligence information

di stributed between every echelon of the command and fighting
forces. Also growing in inmportance are m ssion planning and
rehearsal tools - nost of them PC based - that allow pilots to fly
sorties “virtually' before they have even taken off to strike the
target.

VEAPONS

In the “conventional armanent' field, USAF' s goal is to devel op
“affordabl e, autononpus, all-weather, day and night stand-off weapon
technol ogi es that provide near-perfect accuracy'. By 2020, it wll
probably be dependent on an advanced ranj et-powered version of, or
successor to, the AMRAAM nediumrange air-to-air mssile and the
short-range Al M 9X dogfight missile or its pre-planned product

i mprovenent. Available P31l options are likely to include

nmul ti-spectral, stealth-defeating seekers. Beyond inprovenents to
the next-generation air-to-surface weaponry typified by the Joint
Direct-Attack Munition and the Joint StandOff \Wapon, other nore
exotic technol ogi es are being sought for soft and hard kill options.
"W will transition high and medi um power nicrowave technol ogies to
devel opers for use as weapons, broadband count ernmeasure devi ces,
radars and enhanced jamers," the S&T Programreports. "W

antici pate breakt hroughs in |ong-range, high-altitude, very

hi gh-vel ocity i nmpact weaponry for use against a variety of hardened
(including very deep) targets,"” Forecast Il adds. This has been

gi ven added i npetus by the devel opnment of Third Wrld weapons of
mass destruction, which mght typically be stored in such pl aces.
The current devel opnent of an airborne | aser for boost phase
interception of theatre ballistic mssiles is one of those rare

| eaps in capability that will change the way wars are fought. By
2020, mniaturization techniques may result in deploying |asers in
smal l er, tactical aircraft. |Increased application of photonic as
opposed to el ectroni c-based equi prent will make user aircraft |ess
susceptible to damage fromthe EWthreat. “Smart skins' - outer
panel s cont ai ni ng enbedded sensors - will allow aircraft to sense
and communi cate across nultiple frequency bands in any direction
fromany attitude.

STEALTH

In 1985 and 1990, Stealth was so sensitive that Forecast Il and the
S&T Program barely gave it a nmention. Stealth has changed
irrevocably the way in which war in the air is being and will be

fought. The USA - and other Western technical powers |ike France,
the UK and Gernany - are pouring considerable funds into the nmastery
of both Stealth and Counter-Stealth technol ogi es.

Take the UK, for exanple. Since the md-late 1980s, British

Aer ospace Warton has punped over Pds100 million ($160 million) -
about half of it com ng from governnent sources - into
infrastructure inprovenents geared towards Stealth. Mich of this
activity is aimed at neeting the RAF's need for a Future O fensive
Aircraft (FOA) to replace the Tornado IDS. Traditionally, US firnmns
such as Lockheed and Northrop have enjoyed a US-only nonopoly in
bl ack programm ng - the devel opnent of aircraft that are invisible
to public scrutiny.
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Recent revelations that BAe is establishing a ~Skunk Wrks' on its
own renpte site at Warton and that the Germans tested nanned

wi nd-tunnel nodels of their Stealth fighter, the Lanpyridae, in the
nm d-1980s - when the first-generation Lockheed F-117 was still so
classified its existence was officially denied - show an energing
trend towards " black' programme secrecy in Europe, mirroring that of
t he USA.

Toget her with advanced, |ean manufacturing techni ques that wll
al | ow conpani es to rapid-prototype and build small batches of
aircraft at | ow cost, expect nore fromthese countries in the way of
classified technol ogy denonstrati on and even | ow vol ume production
programes, including full-sized air vehicles. “Mre', because
according to nunmerous sources, such activity is well advanced
already. In the USA, it is widely accepted that a third generation
of true Stealth aircraft (beyond the first generation F-117 and the
second generation B-2) is already under test and perhaps even in
service for mssions spanning strike and defence suppression as well
as tactical and strategic reconnai ssance.

BEYOND 2001

Groom Lake, Nevada, is the epicentre of classified USAF research
into Stealth and ot her exotic aerospace technol ogi es. Several years
after the collapse of the Soviet threat, activity and investnent at
this renote, highly secret air base (so secret its presence is, as
yet, unacknow edged by the US Governnent) is still on the increase
Wil e research into | ess sensitive technol ogi es such as

t wo- di mensi onal thrust-vectoring and advanced short take-off and
vertical landing (ASTOVL) are pursued in the open at nearby Edwards
AFB in California, G oomlLake is set to hang onto its secrets. The
USAF' s recent confiscation of 1600 ha of public | and bordering the
facility is consistent with the Pentagon's desire to maintain its
lead in quantum | eap technol ogies - sone of which, according to well
qual i fied observers in and around the Nevada area, defy current
thinking into the predicted direction of aerospace engi neering.

That aerospace conpani es continue to | ook at highly radica
alternative air vehicle concepts is evidence of the ongoi ng quest
for breakthrough designs. Ginpses into this world are rare, but
provide sone insight into likely 21st century research activity. The
1990 uncl assified "Electric Propul sion Study' (a quest for an
antigravity propul sion system by another nanme) conducted by the
USA's Science Applications International Corp on behalf of USAF s
then- Astronautics Laboratory at Edwards AFB, shows that USAF' s
visionaries are still being given free rein. Until recently, BAe
al so provided internal resources for its own anti-gravity studies
and even went so far as to outline this thinking with artists
concepts - a case of Lawrence Bell's vision perhaps being not so
wi de of the mark after all.

Before he died, Ben R ch, who headed Lockheed's Skunk Works from
1975-1991, was quoted as saying: "W have some new things. W are
not stagnating. What we are doing is updating ourselves, wthout
advertising. There are some new programmes, and there are certain
things - sone of them 20 or 30 years old - that are stil

br eakt hroughs and appropriate to keep qui et about. O her people
don't have them yet."

Thirty years fromnow, we may still not know the half of what is
currently being tested in and around G oom Lake.
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A manned wi nd-tunnel nodel of Gernmany's nedi umrange mssile
fighter, Lanmpyridae

= Lampyridae missile fighter

CAPTI ON:
manned wi nd-tunnel nodel of Gernany's nedi umrange missile
fighter, Lanmpyridae

w Future Offensive Aircraft

CAPTI ON:
tist's concept of British Aerospace's Future O fensive
ircraft for the UK

u Air vehicle using anti-gravity

CAPTI ON:
BAe Mlitary Aircraft Division's concept for an air vehicle
enpl oyi ng anti-gravity propul sion

JlAir vehicle using anti-gravity

BAe concept showi ng an anti-gravity propul sion
systemin action

Heavy lift vehicle concept

BAe concept for a heavy lift vehicle, also using an
anti-gravity propul sion system

Lampyridae missile
fighter
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TEXT:

Wrl d famous author Arthur C Carke has recently found hinself

In demand by the mlitary to talk on how science fiction is
becom ng science fact.

These days, Arthur C d arke, the author of 2001: A Space Qdyssey,
rarely ventures beyond his honme in Colonbo, Sri Lanka. He admts he
is "fed up'' with talking to the nedia. ~ However,'' he adds, ~|I'm
al ways ready to conment on any nmj or devel opnent in ny areas of
interest - for exanple, an ET landing on the Wite House |awn, or the
first genuine nessage from space.'

One recent exception to this self-inposed rule was a talk that he
gave to the Pacific Area Senior Oficer Logistics Sem nar (PASOLS) in
Col onbo, a gathering of high ranking mlitary officers fromcountries
across the Pacific Rm including the USA

D pl omati c observers on the ground were surprised by C arke's
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appearance at PASOLS. At the tinme, it seenmed to gel neither with his
own | eani ngs - he confesses to being sonething of a pacifist - nor
with the overall thenme, a forumfor inproving the provision of

| ogi stics anong allies in the region.

The substance of C arke's address was a short dissertation on the
process known as "cold fusion'. Al nost five years after two US
scientists, Pons and Fl ei schmann, cl ainmed they had hit upon the
reaction that fuels the sun under |aboratory, or roomtenperature
conditions - hence the m sl eading description, "cold fusion' - it is
a subject that consunmes himgreatly.

It is also a highly controversial one. Soon after the two reported
their discovery, that nore energy was com ng out of their experinents
than was being put in - the all-inportant breakthrough - many ot her

| aboratories tried to repeat their tests and failed. Pons and

FIl ei schmann were " | aughed out of court'' in Carke's wrds, for a
nunber of years. Lately, however, there has been a resurgence of
interest in their work, "~ an underground novenent of scientists,"
according to Carke, "~ “who believed there night be sonmething in al
this business.'' Fresh experinents, nmany of them backed by the
Japanese, others by the US mlitary, confirnmed positive results.

““1t is now beyond serious dispute that anomal ous anmounts of
energy are being produced from hydrogen by sone unknown reaction, '’

Cl arke says. However, the theoretical basis of cold fusionis still a
nystery, he adds. Though it could be a |l aboratory curiosity,
““frankly, | doubt this. Anything so novel indicates a breakthrough

of sonme kind.'

For a man who told JDWthat he " “won't get contani nated by
security'', adding, " |'ve never been involved in anything |I'm not
supposed to tal k about,'' d arke has been doing a fair anmount of
talking to the mlitary lately. He recently addressed the US Air
Force's Air War Col l ege at Maxwell Air Force Base, Al abanmm, via

vi deo- phone link on the future of technology in general.

The USAF, unli ke nost other air forces, is not afraid to solicit
the views of science-fiction witers once in a while in an effort to
predict the future direction of air warfare. A few years ago, the

USAF instituted Project Forecast Il, an initiative ained to produce a
handful of “quantum | eap' technol ogies for the 21st century. In 1990,
the air force's then Astronautics Laboratory (now Phillips Propul sion

Labs) published a report under the Electric Propul sion Study that
exam ned theories and experinental approaches for an "anti-gravity'
propul sion system The chances are, therefore, that when he talks to
the US mlitary, darke's views, including those on on cold fusion,

have not fallen on deaf ears.
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In 2010: Qdyssey |1, published in 1982, darke pretended that the
Russi ans had i nvented a spaceshi p engi ne based on cold fusion
princi pl es worked on by Andrei Sakharov during his exile in Gorky.
""He didn't, of course, so that's a piece of fictitious history.
However, three Russian scientists who have i ndeed been working on
nucl ear propul sion for rockets have now got into the cold fusion act,
and they have just published sone startling results.

" " They are obtaining about five tinmes their energy input in gas

m xtures, not solids, and at tenperatures of up to 1800 deg C. Now
this is not exactly "cold" fusion - but it's certainly ice-cold
conpared with the tens of mllions of degrees the hot fusioneers are
tal king about.'' If a plasma fusion rocket coul d be devel oped, it
woul d open up the solar system "~ “just as the aeropl ane opened up
this planet,'' he says.

Back on earth, cold fusion would essentially nmean the end of the
Fossil Fuel Age, d arke says; an era of cheap, clean power. "~ The

envi ronnental benefits would be overwhel mng.'' Eschew ng the ways of
the mlitary as he does, perhaps this is the real nessage Arthur C
G arke wants the mlitary men to take away with them
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TEXT:

I n an atnosphere of increasing tension over its trade links wth
Eur ope and

Japan, the USA is having to define how nuch of this

| npressi ve science and technol ogy base it protects (see box 2) and
how much it shares with its traditional allies in future joint

col | aborative efforts.

Si nce the evaporation of the Soviet threat, defence R&D between the
USA and its NATO allies has drifted through | ack of focus and
funding. The Pentagon has prom sed Congress renewed enphasis on the
programe, including nore speedy negotiations and inpl enentation of
bil ateral agreenents, but its conmtnent to many of these initiatives
IS uncl ear.

Twenty-si x areas of potential co-operative research between USAF' s
El ectronic Systens Center (ESC) and Japan were identified by sone 70

programme nanagers and engi neers in an ESC/ Japan initiative
conference in February. The Japan initiative was designed to target

Japan's defence industry and technol ogy market for possible
I nternational co-operative R& efforts with ESC

Potential areas of co-operation include: the mniaturization of radar
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technol ogy, fibre optics, tactical communications, sensors, |asers,
smart skin radars, conputer |anguage translation, robotics, advanced
waf er technol ogy, theatre m ssile defence, inproved over-the-horizon
radar, nodelling and simulation, use of sonar and acoustics
technology to test materials and Japanese AWACS technol ogy. Various
USAF of fices will now pursue co-operative efforts in these areas.

Wthin Europe, the UKis the chief beneficiary of shared S&T research
wth the United States. Through the Master |Information Exchange
Agreenent (M EA) -- the technology transfer provision of the US/ UK
"special relationship' -- the UK s governnent research establishnents
enjoy a two-way exchange of technical data that is the envy of other
US allies.

The depth of the relationship is illustrated by the fact that,
according to reliable UK sources, the UK s Royal Aeronauti cal

Est abl i shment (now t he Defence Research Agency) was passed technica
data on the Lockheed F-117 Stealth Fighter in the m d-1980s, |ong
before it ceased to be a heavily conpartnentalized programre in the
USA.

According to UK officials, the USA only conducts extensive (and often
hi ghly sensitive) co-operative research with an ally when that nation
cones along with a technol ogi cal advantage in a given area, or areas.
It is significant, for exanple, that USAF s ESC initiative wth

Japan focuses on many of the five technol ogies (nentioned at the

begi nning of this article) in which Japan was deened to be
"significantly ahead" of the USA by USAF.

O course, when the USA, or any other country, feels it has an
overwhel m ng advantage in a particular field of mlitary science, it
classifies it.

The idea of 'facetting' an aircraft to make it stealthy (the approach
adopted for the F-117), only transitioned fromthe white, to the
black world -- in the formof the DARPA Have Bl ue technol ogy
denonstrator programme -- when DoD officials believed what US
scientists had been saying openly for sone years: that near absolute
radar invisibility was achievabl e.

In the sane way, if any Project Forecast |l-type technol ogies were to
result in breakthrough -- a quantum | eap such as the key to the
secret of gravity, say -- the USAF woul d undoubtedly nove to bury it

beneath so many | ayers of classification that it would not see the
i ght of day for years.

As a post-script, anyone who believes the 'science' of anti-gravity
to be too arcane, too esoteric, even for the US Air Force should
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consider the Electric Propul sion Study undertaken by SAIC for the
Astronautics Laboratory, now part of Phillips Lab, in he | ate 1980s.

The study's primary objective was to "outline physical nethods to
test theories of inductive coupling between el ectromagnetic and
gravitational forces to determne the feasibility of such nethods as
they apply to space propulsion” -- in sinplified terns, an
anti-gravity propul sion system

It remains, for some, the ultimate quantum | eap
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Electrogravitics: the positive approach

One area of research not included in the NASA Breakthrough Propulsion Physics study, but whichis
touted by some as having the potential to leap the current state of the art in aerospace technology, is
‘electrogravitics.

Thisisapostulated form of lift based on the controversial assertion that a capacitor charged positively
on one side and negatively on the other will experience weight loss, exhibiting thrust in the direction of
its positive pole.

In 1952, the man generally described as the ‘father of electrogravitics, US inventor Thomas Townsend
Brown, submitted a proposal for a'joint services research and development contract' outlining an
electrogravitics aerospace programme called 'Project Winterhaven'. This set out how the US military
could go about constructing a Mach 3 manned interceptor utilising electr ogravitics technology. Brown
based his data on a series of demonstrations he gave to the US Navy immediately after the Second
World War.

In these and subsequent tests, 2ft (61cm) diameter disc-shaped capacitors charged with 50 kilovolts and
a continuous energy input of 50 watts are said to have achieved a speed of 17ft/sin acircular air course
20ft in diameter. A second series of tests, in which dlightly larger discs were supposedly charged at 150
kilovolts, were rumoured in the mid-1950s to have exhibited results "'so impressive as to be highly
classified". This has led to claims by proponents of the technology that the US government has
conducted a clandestine el ectrogr avitics effort ever since under the auspices of a'deep black' test
programme.
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L ending possible credence to that assertion is this photograph, published here for the first time. It is
purportedly of a sub-scale electrogravitics experimental air vehicle mounted on a wind-tunnel
test-stand somewhere in the USA. Although Jane's Defence Weekly cannot verify its origins, it appears
to have been taken in the late 1950s or early 1960s. Intriguingly, Brown recommended the construction
of a 10ft diameter disc charged at 500 kilovolts as part of 'Project Winterhaven'.

Officialy, the US Air Force and Navy lost interest in electrogr avitics when their analysis showed that
the movement of Brown's capacitors was caused by ‘ionic wind' - the displacement of ions around the
surface of the charged plates. Brown later claimed to refute this by conducting the tests in a vacuum.

With one or two exceptions, aerospace companies have studiously ignored breakthrough propulsion
concepts such as those proposed by Brown and Podkletnov. BAE Systems describes its 'Project
Greenglow' initiative as a " speculative research programme" into esoteric propulsion concepts (such as
anti-gravity) and the Boeing Phantom Works recently conducted tests on a 'reactionless drive' device
that apparently contravenes Newton's Third Law of action-reaction. Boeing concluded that the device,
which uses two spinning arms transferred through three-dimensions, did work, though not yet at the
required impulses for endo-atmospheric propulsion or practical space flight.

Echoing Frank Whittle's early pioneering work on turbojets in the 1920s and 1930s, however, there are
those who say it might just be the start of something with far-reaching consequences for the entire future
of transportation.

Thislate 1950s or early 1960s pictureis said to be a sub-scale electrogravitics
experimental air vehicle mounted on a wind-tunnel test stand
(Source: Jane's)
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-~ S| Weighty Implications: NASA Funds
Controversial Gravity Shield

Brushing aside controversy and a few glitches, NASA officials are forging ahead with plans to build a

device that they say could work as an antigravity machine.

Most scientists say the idea of such a gadget is ludicrous. But given the stakes, NASA officials say, it's

worth a try.
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French astronaut Philippe Perrin floating in France's "Vomit Comet" -- the
Airbus 300. These training planes are still the only way to change what
you weigh -- short of a trip to space.

A machine that even slightly reduces gravity at spacecraft launch sites, agency officials believe, could
save significant amounts of money.

"The fact that it had appeared in a credible scientific
journal is what really caught our eye.™

The opportunity to try out such a machine is expected to come this
May, when an Ohio company is scheduled to finish a prototype of
the device for NASA.

Not that the space agency's officials themselves have high hopes.

"To say this is highly speculative is probably
ST " RQQOI’I

putting it mildly," acknowledged Ron Koczor,
assistant director for science and technology
at the Space Science Laboratory in NASA's
Marshall Space Flight Center, Huntsville,
Alabama.

Videos of how gravity
governs the universe:

« Fate of The Milky Way and
Andromeda Galaxies

« Mars' Surface Gravity
Nonetheless, NASA awarded a $600,000 « Gravitational Microlensing:
contract last year to Superconductive How massive stars can
Components Inc. in Columbus, Ohio to build distort light
the device.

Critics say the notion of a "gravity shield" violates Einstein's
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fundamental laws of physics. Fate of The Milky Way and
Andromeda Galaxies

"The theory of gravity is fairly well established, and | don't see it
reversing itself," said Francis Slakey, a professor of physics at
Georgetown University. The NASA project is "wasted money that

could have been used to do legitimate space science," he added. Mars Surface Gravity

Koczor portrayed that view as closed-minded. L. . .
Gravitational Microlensing:

Scientists such as Slakey "don't seem to be amenable to observing How massive stars can distort
that maybe the laws [of physics] are incomplete," Koczor said.

light

Throughout history, new discoveries have rocked old assumptions,
he pointed out. "People used to talk about laws of conservation of
mass, conservation of energy. Then all of a sudden, Einstein comes
along and says those are really parts of the same thing."

Einstein wrote that gravity can be considered a bending of space-time that inevitably occurs around massive objects such as
planets and stars. That, the conventional view holds, means no mere machine or invention can make it go away; it is not a "force
that can be counteracted.

The conventional scientists aren't the only critics of the NASA project. The agency is also drawing fire from some of its former
collaborators in the effort. To see why, it helps to start from the beginning.

In 1992, a Finnish scientist, Eugene Podkletnov, claimed to have built a device that produced a gravity-shielding effect.

It consisted of a hot, fast-spinning, 12-inch (30-centimeter) disk of a superconducting ceramic, levitating within a magnetic field.
Objects above the disk, Podkletnov reported, showed a loss of weight of between about 0.5 percent and 2 percent.

In 1996, researchers at Marshall Space Flight Center decided to investigate the claims. "The fact that it had appeared in a credible
scientific journal is what really caught our eye," Koczor said.

Actually, Podkletnov had withdrawn his most recent article from publication under unclear circumstances. But he and others had
published research on antigravity phenomena in several peer-reviewed journals.

Koczor assembled a team that worked together with scientists at the nearby University of Alabama at Huntsville, to build a device
partially simulating the one Podkletnov had used. But the researchers were unable to replicate Podkletnov's results, and the
partnership fell apart last year with bad blood between the two sides.

The university's Larry Smalley, a physics professor, says NASA simply failed to assemble a competent team of scientists who
could give the project a serious chance.

The events "amused me, stunned me and upset me," said Smalley, who said he was involved as an observer of the project at the
time. "It made me feel like they wasted time, a lot of money and a really golden opportunity to do something."

Smalley said he remains skeptical that Koczor and NASA have the know-how to do anything meaningful with the project.

The main university professor involved with the project, Ning Li, has since left the school. She said she has founded a company in
Huntsville that also will market a gravity-shield device.

Li said she dropped the NASA collaboration and decided to work independently after the agency "wasted" the project's money and
resources.

Koczor said the project fell apart not because of incompetence, but because Li was primarily interested in proving her theories of
why the "gravity shield" would work. That differed from NASA's goal of simply building a working device, he said.

"She wanted the research to focus on her particular theory. Our intent was simply to show there was a gravity effect, without
saying 'theory A is right' or 'theory B is right," he explained.

Last year, NASA decided to try again, this time by contracting out the construction of the device. Superconductive Components is
in communication with Podkletnov as they attempt to build it, Koczor said.

The project is on or ahead of schedule, said J.R. Gaines, vice president of Superconductive Components.

"The superconductor is built. The rest has been designed and fabrication is proceeding," Gaines said. However, he said, he can't
offer an opinion on whether the device will actually work. The company's job is simply to build it to the assigned specifications.

"We don't necessarily have a technical opinion," he said, though "we would certainly love to see this work."
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Dark Energy: Astronomers Still 'Clueless’ advertisement
About Mystery Force Pushing Galaxies Apart

B™SMSCIENCE
@5 TUESDAY
By Andrew Chaikin

Editor, Space & Science
posted: 07:00 am ET
15 January 2002

Advanced
It sounds like something out of a Star Trek episode: Dark energy, a mysterious force that no one
understands, is causing the universe to fly apart faster and faster. Only a few years ago, if you'd Sﬂﬁ:WﬂlB
suggested something like that to astronomers, they would have told you to spend less time in front of the
TV and more time in the "real" world. ‘h" the

But dark energy is real O or at least, a growing number of astronomers think it is. No one, however, can

truly explain it. AS’[H]III]ITW

"Frankly, we just don’t understand it," says Craig Hogan, an Ech“SIﬂSt
astronomer at the University of Washington at Seattle. "We '

know what its effects are," Hogan says, but as to the details
of dark energy, "We're completely clueless about that. And | Visit SPACE.com to explore a new

everybody’s clueless about it." science feature each Tuesday.

Dark energy entered the astronomical scene in 1998, after
two groups of astronomers made a survey of exploding >>Go to Science Tuesday archive page
stars, or supernovas, in a number of distant galaxies.
These researchers found that the supernovas were dimmer
than they should have been, and that meant they were
farther away than they should have been. The only way for
that to happen, the astronomers realized, was if the
expansion of the universe had sped up at some time in the
past.

Until then, astronomers had generally believed that the
cosmic expansion was gradually slowing down, due to the
gravitational tugs that individual galaxies exert on one
another. But the supernova results implied that some
mysterious force was acting against the pull of gravity, . 5
causing galaxies to fly away from each other at ever FslcLick To WIEW

greater speeds. This chart shows how much of the universe is made up
of dark energy, dark matter, and ordinary matter. - cou

BGFTHARE

It was a stunning realization.

At first, other researchers questioned the result; perhaps This diagram reveals CLICK HERE
the supernovas were dimmer because their light was being changes in the rate of
blocked by clouds of interstellar dust. Or maybe the [ 5 aRansion E_'Rﬁelg‘g”,
[ : | R universe's bi illion
supernovas themselves were |ntr|nS|CaIIy_ dimmer than b = T e, T e Sl
scientists thought. But with careful checking, and more — the curve, the faster the rate

data, those explanations have largely been put aside, and of expansion. The curve

the dark energy hypothesis has held up. gnﬁggizgr‘;‘gggb\'zhae?“t 7.5

objects in the universe beg

ECLIDH TO UIEW

In one sense, the idea is not completely new. Einstein had
included such an "anti-gravity" effect in his theory of
general relativity, in his so-called cosmological constant.
But Einstein himself, and later many other astronomers, Related SPACE.com STORIES

came to regard this as a kind of mathematical contrivance
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that had little relationship to the real universe. By the 1990s Astrophysics Challenged By Dark
no one expected that the effect would turn out to be real. Enerav Findin
Energy Finding

Still, anti-gravity isn’t the right way to describe dark energy,

says Virginia Trimble of the University of Southern Farthest Supernova Detected, 'Dark

California at Irvine. X !
Energy' Suspected

"It doesn’t act opposite to gravity,” Trimble says. "It does
exactly what general relativity says it should do, if it has 'Groundbreaking' Discovery: First

negative pressure." - -
Direct Observation of Dark Matter

Trimble has a fairly simple way of imagining the

[PAETOTIETEN) Understanding Dark Matter and Light

"If you think in terms of the universe as a very large Energy

balloon," she says, "when the balloon expands, that makes

the local density of the [dark energy] smaller, and so the

balloon expands some more .... because it exerts negative SEB TODAY'S DISCUSSION
pressure. While it's inside the balloon it's trying to pull the ==

balloon back together again, and the lower the density of it | \What do you think of this story?
there is, the less it can pull back, and the more it expands.
This is what happens in the expanding universe."

>>Uplink your views

The supernova evidence suggests that the acceleration
kicked in about 5 billion years ago. At that time, galaxies
were far enough apart that their gravity (which weakens
with distance) was overwhelmed by the relatively gentle but constant repulsive force of dark energy. Since then, dark energy's
continuing push has been causing the cosmic expansion to speed up, and it seems likely now that this expansion will continue
indefinitely.

"It means that if you look out at the universe today, and if we wait many billions of years," says Hogan, "everything will be flying
away faster and faster, and eventually we’ll be left quite alone."

Aside from such grim forecasts, dark energy is causing quite a bit of upset for astronomers who have to adjust to an unexpected
and outlandish new view of the universe. Already, they have had to accept the notion of dark matter, which is now thought to far
outnumber ordinary matter in the universe, but which has never been detected in any laboratory. Now, the arrival of an unknown
force that rules cosmic expansion has added insult to injury.

"I'm as big a fan of dark matter and dark energy as anybody else," says astronomer Richard Ellis of Caltech. But, he adds, "I find it
very worrying that you have a universe where there are three constituents, of which only one [i.e., ordinary matter] is really
physically understood."

"When you teach undergraduates, and they say, 'Well, what is dark matter?' Well, nobody's really sure. 'What is dark energy?'
We're even less sure. So you have to explain to a student, that ... 90 percent of the universe, 95 percent, is in two ingredients that
nobody really understands," says Ellis. "This isn't really progress."

No one argues that dark energy is difficult to comprehend. And as Trimble points out, it is hardly the first strange idea scientists
have had to accept.

"It took two generations for people to be comfortable with quantum mechanics," she says. "The fact that you do not have good
intuition about [dark energy] is true for quantum mechanics, general relativity, and lots of other things, because we can'’t easily
mock them up in the laboratory."

And for cosmologists, dark energy has solved at least one cosmological conundrum raised by studies of the Cosmic Microwave
Background, or CMB.

Next page: An infinitely expanding universe?
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Abstract
This paper reviews the development of antigravity research in the US and notes how research activity seemed to
disappear by the mid 1950s. It then addresses recently reported scientific findings and witness testimonies - that
show us that this research and technology is alive and well and very advanced. The revelations of findings in this
area will alter dramatically our 20™ century view of physics and technology and must be considered in planning for

both energy and transportation needs in the 21 century.

Historical Background

Townsend Brown's Technology of Electrogravitics'

In the mid 1920's Townsend Brown® discovered
that electric charge and gravitational mass are coupled.
He found that when he charged a capacitor to a high
voltage, it had a tendency to move toward its positive
pole. This became known as the Biefeld-Brown effect.
His findings were opposed by conventional minded
physicists of his time.

The Pearl Harbor Demonstration. Around 1953,
Brown conducted a demonstration for military top
brass. He flew a pair of 3-foot diameter discs around a
50-foot course tethered to a central pole. Energized
with 150,000 volts and emitting ions from their leading
edge, they attained speeds of several hundred miles per
hour. The subject was thereafter classified.

Project Winterhaven. Brown submitted a proposal
to the Pentagon for the development of a Mach 3 disc
shaped electrogravitic fighter craft. Drawings of its
basic design are shown in one of his patents. They are
essentially large-scale versions of his tethered test discs.

Review of Issues From the 1950s

Once Brown’s findings became well known, some
scientists began to openly speak about the flying
technology of UFOs, which had been observed
extensively since the 1940s. None other than Professor

Hermann Oberth, considered by some to be one of the
fathers of the space age, who later worked in the US
with Wernher von Braun, the Army Ballistic Missile
Agency and NASA, stated the following in 1954:>

“It is my thesis that flying saucers are real and that
they are space ships from another solar system.”
Perhaps of more interest to our present discussion on
propulsion, he then stated that: “They are flying by the
means of artificial fields of gravity... They produce
high-tension electric charges in order to push the air out
of their paths, so it does not start glowing, and strong
magnetic fields to influence the ionized air at higher
altitudes. First, this would explain their luminosity...
Secondly, it would explain the noiselessness of UFO
flight...” We now know that he was fundamentally
correct in his assessment.

In 1956, a British research company, Aviation
Studies (International) Ltd. published a classified report
on Electrogravitics Systems examining various aspects
of gravity control. They summarized the pioneering
work of Townsend Brown and then described the use of
electrogravitic thrust as follows:

“The essence of electrogravitics thrust is the use of
a very strong positive charge on one side of the vehicle
and a negative on the other. The core of the motor is a
condenser and the ability of the condenser to hold its
charge (the K-number) is the yardstick of performance.
With air as 1, current dielectrical materials can yield 6
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and use of barium aluminate can raise this considerably,
barium titanium oxide (a baked ceramic) can offer
6,000 and there is a promise of 30,000, which would be
sufficient for supersonic speed.”

In one of their conclusions, based on Brown’s
work, they suggested that: “Electrostatic energy
sufficient to produce a Mach 3 fighter is possible with
megavolt energies and a k of over 10,000.”

In spite of Brown’s solid research, they later stated
that, “One of the difficulties in 1954 and 1955 was to
get aviation to take electrogravitics seriously. The
name alone was enough to put people off.”® It seems
that is as true today as it was in the 1950s.

A report by another British company, Gravity
Rand, Ltd. in 1956, agrees with this assessment and
states: “To assert electrogravitics is nonsense is as
unreal as to say it is practically extant. Management
should be careful of men in their employ with a closed
mind or even partially closed mind on the subject.””’

However, a trade press magazine, The Aviation
Report, made a numerous references to antigravity
projects and listed many of the companies pursuing
research in this area. Quotes from The Aviation Report
listed in the Aviation Studies (International) Ltd. report8
are suggestive of what was going on behind the scenes.

In 1954 they predicted that: “... progress has been
slow. But indications are now that the Pentagon is
ready to sponsor a range of devices to help further
knowledge.”... “Tentative targets now being set
anticipate that the first disk should be complete before
1960 and it would take the whole of the ‘sixties to
develop it properly, even though some combat things
might be available ten years from now.” (Aviation
Report 12 October 1954)°

During this time period many of the major defense
and technology companies were cited as either having
research projects or activities in this new field. For
example: “Companies studying the implications of
gravitics are said, in a new statement, to include Glenn
Martin, Convair, Sperry-Rand, and Sikorsky, Bell, Lear
Inc. and Clark Electronics. Other companies who have
previously evinced interest include Lockheed, Douglas
and Hiller.” (Aviation Report 9 December 1955)"°.

Others of these reports mention: AT&T, General
Electric, as well as Curtiss-Wright, Boeing and North
American as having groups studying electrogravitics.

During the same time period, the Gravity Rand
report notes that: “Already companies are specializing
in evolution of particular components of an
electogravitics disk.”"!

However, in the area of predictions, the Aviation
Report stated the following based on an extrapolation of
technology development: “Thus this century will be
divided into two parts — almost to the day. The first
half belonged to the Wright Brothers who foresaw
nearly all the basic issues in which gravity was the
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bitter foe. In part of the second half, gravity will be the
great provider. Electrical energy, rather irrelevant for
propulsion in the first half becomes a kind of catalyst to
mgtion in the second half of the century.” (Aviation
Report 7 September 1954)."

Looking back it is easy to say that they missed the
mark. Did they really miss it by a half a century?
Reading through these reports it is quite obvious that
there was much interest in antigravity among a number
of very high profile companies, as well as in the
Department of Defense. What happened to this interest
and why was it all downplayed during the following
four plus decades? After all, T. Brown had shown that
there is a demonstrable connection between high
voltage fields and gravity. Why has it taken until the
1990s for more than just a few scientists to look at these
results and publish on them in the open literature? A
review of recent statements by former military
personnel and civilians connected to covert projects
begins to shed light on research activity in these areas
over the last half century. And it appears that there had
been significant breakthroughs during this time period,
well shielded from both the scientific and public eye.

Recent Scientific Developments

In this section we consider developments in the
antigravity field since the late 1980s and why the
confluence of scientific findings and the testimony of
witnesses associated with the military and covert
groups indicates that a gravity solution with
technological implications has been found.

Although general relativity has not been able to
explain Brown’s electrogravitic observations, or any
other antigravity phenomenon, the recent physics
methodology of quantum electrodynamics (QED),
appears to offer the theoretical framework to explain
electrogravitic coupling. Recent papers by members of
the Institute for Advanced Study Alpha Foundation are
putting a solid theoretical foundation onto the
antigravity effects within the theory of electrodynamics
and include papers by Evans'? and Anastasozki et al.'*

Earlier in a breakthrough paper in 1994, Alcubierre
showed that superluminal space travel is, in principle,
physically possible and will not violate the tenants of
the theory of relativity". Puthoff'® later analyzed these
findings in light of the present SETI (Search for
Extraterrestrial Intelligence) paradigms that insist that
we could not be visited by extraterrestrial civilizations
because of the speed-of-light limitations dictated by the
general relativity theory. He suggests that super-
Iuminal travel is indeed possible. This leads to reduced-
time interstellar travel and the possibility of
extraterrestrial visitation, which our limited under-
standing of physics and scientific arrogance has
“forbidden” in some sectors for most of the 20"
century.
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The second aspect of these physics findings deals
with the zero point or vacuum state energy shown by
the Casimir effect, which predicts that two metal plates
close together attract each other due to imbalance in the
quantum fluctuations. The implications of this zero
point or vacuum state energy are tremendous and are
described in several papers by Puthoff'’ starting during
the late 1980s. A detailed bibliography on this and
similar topics is available on the WWWeb."* Bearden'
and colleagues have also written extensively on the
theoretical physics of zero point energy and
additionally have described various technological
means of extracting this energy (for example see the
recent paper by Anastasozki et al.’®). A theoretical
book on zero point energy by Bearden will soon be
available.”’ There is significant evidence that scientists
since Tesla have known about this energy, but that its
existence and potential use has been discouraged and
indeed suppressed over the past half century or more. .

The coupling of the electrogravitic phenomena
observations and the zero point energy findings are
leading to a new understanding of both the nature of
matter and of gravity. This is just now being discussed
in scientific journals (though some evidence suggests
that it has been understood for decades within the black
project covert community). The question that is being
addressed is: what keeps the universe running? Or
more specifically, where do electrons get their energy
to keep spinning around atoms? As electrons change
state they absorb or release energy, and where does it
come from? The simplistic answer is that it is coming
from the vacuum state. Puthoff® describes the process
as follows: “I discovered that you can consider the
electron as continually radiating away its energy as
predicted by classical theory, but SIMUL-
TANEOUSLY ABSORBING a COMPENSATING
AMOUNT of energy from the ever-present sea of zero-
point energy in which the atom is immersed. An
equilibrium between these two processes leads to the
correct values for the parameters that define the lowest
energy, or ground-state orbit (see "Why atoms don't
collapse,” NEW SCIENTIST, July 1987). Thus there is
a DYNAMIC EQUILIBRIUM in which the zero-point
energy stabilizes the electron in a set ground-state orbit.
It seems that the very stability of matter itself appears to
depend on an underlying sea of electromagnetic zero-
point energy.”

Furthermore, it appears that it is the spinning of
electrons that provides inertita and mass to atoms.
These theories, linking electron spin, zero point energy,
mass, and inertia have been presented in a number of
recent papers, such as those by Haisch® and colleagues
and provide us with a possible explanation of the
Biefield-Brown effect. It appears that an intense
voltage field creates an electromagnetic barrier that
blocks the atomic structure of an atom from interacting

3

(c)2002 American Institute of Aeronautics & Astronautics or Published withPermission of Author(s) and/or Author(s)' Sponsoring Organization.

with the zero point field. This slows down the
electrons, reducing their gyroscopic effect, and thus
reducing atomic mass and inertia, making them easier
to move around.

Evidence of Extensive Antigravity Technology

The B-2 Advanced Technology Bomber

In 1993, LaViolette wrote a paper25 discussing the
B-2 bomber and speculating on its probable antigravity
propulsion system, based on a solid understanding of
electrogravitics,”® the aircraft’s design and the materials
used in its manufacture. It appears that the craft is
using a sophisticated form of the antigravity principles
first described by T. Brown. Support for this thesis
came from the Aviation Week and Space Technology
(March 9, 1992), which reported that the B-2 bomber
electrostatically charges its leading edge and its exhaust
stream. Their information had come from a small
group of former black project research scientists and
engineers suggesting the B-2 utilizes antigravity
technology. This information was supported by Bob
Oechsler, an ex-NASA mission specialist who had
publicly made a similar claim in 1990. These findings
support the contention that there have been major
developments in the area of antigravity propulsion
which are presently being applied in advanced aircraft.

LaViolette later states the obvious that “the
commercial airline industry could dramatically benefit
with this technology which would not only substantially
increase the miles per gallon fuel efficiency of jet
airliners, but would also permit high-speed flight that
would dramatically cut flight time.”*’

The Disclosure Project Witnesses

On May 9, 2001 a private organization, “The
Disclosure Project™® held a press conference at the
National Press Club in Washington DC.  They
presented nearly two dozen witnesses including retired
Army, Navy and Air Force personnel, a top FAA
official, members of various intelligence organizations
including the CIA and NRO, and industry personnel, all
of whom who had witnessed UFO events or had inside
knowledge of government or industrial activities in this
area. They also produced a briefing document® for
members of the press and Congress and a book®® which
includes the testimony of nearly 70 such witnesses from
a pool of hundreds. Although they all spoke of the
reality of the UFO phenomena, many also spoke of
covert projects dealing with antigravity, zero point
energy technologies and development of alien
reproduction vehicles (ARVs) by US black project and
covert interests. The following excerpted quotes from
these witnesses support the above contentions.

Dan Morris®' is a retired Air Force career Master
Sergeant who was involved in the extraterrestrial
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projects for many years. After leaving the Air Force, he
was recruited into the super-secret National
Reconnaissance Organization (NRO), during which
time he worked specifically on extraterrestrial-
connected operations. He had a cosmic top-secret
clearance (38 levels above top secret) which, he states,
no U.S. president, to his knowledge, has ever held.

“UFOs are both extraterrestrial and man made.
Well, the guys that were doing the UFOs, they weren’t
sleeping, and Townsend Brown was one of our guys
who was almost up with the Germans. So we had a
problem. We had to keep Townsend Brown - what he
was doing on anti-gravity electromagnetic propulsion
secret.” He then describes a type of zero point energy
device.

“Well, if you have one of these units that’s about
sixteen inches long and about eight inches high and
about ten inches wide, then you don’t need to plug into
the local electric company. These devices burn
nothing. No pollution. 1t never wears out, because
there are no moving parts. What moves are electrons,
in the gravity field, in the electronic field, and they turn
in opposite directions, okay?”

“Dr. B.”*? (name withheld since he still works in
this area) is a scientist and engineer who has worked on
top-secret projects almost all his life. Over the years he
has directly worked on or had involvement with such
projects involving anti-gravity, chemical warfare,
secure telemetry and communications, extremely high-
energy space based laser systems, and electromagnetic
pulse technology.

“Anti-gravity. As a matter of fact, I used to go out
to the Hughes in Malibu. They had a big think tank up
there. Big anti-gravity projects; I used to talk to them
out there. I'd give them ideas, because they bought all
my equipment. But the American public will never,
never hear about that.” ... “This flying disc has a little
plutonium reactor in it, which creates electricity, which
drives these anti-gravity plates. We also have the next
level of propulsion, it is called virtual field, which are
called hydrodynamic waves...”

Captain_Bill Uhouse® served 10 years in the
Marine Corps as a fighter pilot, and four years with the
Air Force at Wright-Patterson AFB as a civilian doing
flight-testing of exotic experimental aircraft. Later, for
the next 30 years, he worked for defense contractors as
an engineer of antigravity propulsion systems: on flight
simulators for exotic aircraft - and on actual flying
discs.

“I don’t-think any flying disc simulators went into
operation until the early 1960s - around 1962 or 1963.
The reason why I am saying this is because the
simulator wasn’t actually functional until around 1958.
The simulator that they used was for the extraterrestrial
craft they had, which is a 30-meter one that crashed in
Kingman, Arizona, back in 1953 or 1952.”
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“We operated it with six large capacitors that were
charged with a million volts each, so there were six
million volts in those capacitors.” . . . “There weren’t
any windows. The only way we had any visibility at all
was done with cameras or video-type devices.” . .
“Over the last 40 years or so, not counting the
simulators - I'm talking about actual craft - there are
probably two or three-dozen, and various sizes that we
built.”

“AH™* formally of Boeing Aerospace, is a
person who has gained significant information from
inside the UFO extraterrestrial groups within our
government, military, and civilian companies. He has
friends at the NSA, CIA, NASA, JPL, ONI, NRO, Area
51, the Air Force, Northrup, Boeing, and others.

“Most of the craft operate on antigravity and
electrogravitic propulsion. We are just about at the
conclusion state right now regarding antigravity. I
would give it maybe about 15 years and we will have
cars that will levitate using this type of technology.
We’re doing it up at Area 51 right now. That’s some of
the stuff that my buddy worked on up at Area 51 with
Northrup, who lives now in Pahrump, Nevada. We’re
flying anti-gravity vehicles up there and in Utah right
now...”

Lieutenant Colonel Williams™ entered the Air
Force in 1964 and became a rescue helicopter pilot in
Vietnam. He has an electrical engineering degree and
was in charge of all the construction projects for the
Military Air Command. During his time in the military
he knew that there was a facility inside of Norton Air
Force Base in California that no one was to know
about.

“There was one facility at Norton Air Force Base
that was close hold - not even the wing commander
there could know what was going on. During that time
period it was always rumored by the pilots that that was
a cover for in fact the location of one UFO craft.”

Note that all he knew was of the rumor, however, it
is confirmed by the next testimony, which also
confirms some of the comments made by Captain
Uhouse.

Mark McCandlish® is an accomplished aerospace
illustrator and has worked for many of the top
aerospace corporations in the United States. A
colleague, with whom he studied, has been inside a
facility at Norton Air Force Base, where he witnessed
alien reproduction vehicles, or ARVs, that were fully
operational and hovering. He states that the US not
only has operational antigravity propulsion devices, but
we have had them for many, many years, and they have
been developed through the study, in part, of
extraterrestrial vehicles over the past fifty years.

A close friend, Brad Sorensen, told him of visiting
The Big Hangar, during an air show at Norton Air
Force Base on November 12, 1988 and how he had
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seen flying saucers in this hangar. “There were three
flying saucers floating off the floor-—no cables
suspended from the ceiling holding them up, no landing
gear underneath—just floating, hovering above the
floor. He said that the smallest was somewhat bell-
shaped. =~ They were all identical in shape and
proportion, except that there were three different sizes.
They had little exhibits with a videotape running,
showing the smallest of the three vehicles sitting out in
the desert, presumably over a dry lakebed, some place
like Area 51. It showed this vehicle making three little
quick, hopping motions; then [it] accelerated straight up
and out of sight, completely disappearing from view in
just a couple of seconds—no sound, no sonic boom—
nothing.”

“Well, this craft was what they called the Alien
Reproduction Vehicle; it was also nicknamed the Flux
Liner. This antigravity propulsion system—this flying
saucer—was one of three that were in this hangar at
Norton Air Force Base. [Its] synthetic vision system
[used] the same kind of technology as the gun slaving
system they have in the Apache helicopter: if [the pilot]
wants to look behind him, he can pick a view in that
direction, and the cameras slew in pairs. [The pilot] has
a little screen in front of his helmet, and it gives him an
alternating view. He [also] has a little set of glasses
that he wears—in fact, you can actually buy a 3-D
viewing system for your video camera now that does
this same thing—so when he looks around, he has a
perfect 3-D view of the outside, but no windows. So,
why do they have no windows? Well, it’s probably
because the voltages that we’re talking about [being)
used in this system were probably something between,
say, half a million and a million volts of electricity.”
Brad Sorensen stated that at the ARV display, “a three
~ star general said that these vehicles were capable of
doing light speed or better.”

All of these witness testimonies do not prove the
existence of a successful US covert program in
antigravity technologies. Only the demonstration of
such craft coupled with the accompanying government
and technical specification documents would ‘prove’
this. However, these testimonies coupled with
information from other substantial sources such as Nick
Cook’s new book mentioned below, strongly supports
this contention.

The Hunt for Zero Point®’

Although this very recent book (August, 2001) is
not yet available in the US, it contains some of the
strongest evidence yet for major efforts and success in
the field of antigravity technology. The author, Nick
Cook, who for the past 15 years has been the Aviation
Editor and Aerospace Consultant for Jane’s Defense
Weekly, spent the last 10 years collecting information
for the book. This included archival research on Nazi
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Germany’s antigravity technology and interviews with
top officials at NASA, the Pentagon and secret defense
installations. He shows that America has cracked the
gravity code and classified the information at the
highest security levels. Because antigravity and its
allied zero point energy technologies potentially offer
the world a future of unlimited, non-polluting energy it
has been suppressed because of the “huge economic
threat”. His findings support those reported by many of
the Disclosure Project witnesses cited above.

Antigravity Technology Demonstrations

Although T. Brown reported many of his findings
nearly a half century ago, other experimenters have just
recently begun to reproduce his work and report it in
the open literature and on the WWWeb. For example,
Davenport™ published the results of his work in 1995
supporting the findings of T. Brown. More recently,
Transdimensional Technologies® in the USA and J.
Naudin® labs in France have posted on the WWWeb:
diagrams, web videos, and data on their versions of
antigravity “Lifters” based on an extension of Brown’s
work. It is a sad commentary on this whole area of
research to see that public science is requiring us to
demonstrate principles that were demonstrated nearly
fifty years ago.

There have also been a number of other
demonstrations of “antigravity” phenomena by
researchers throughout the world. This includes the
work of Brazilian physics professor, Fran De Aquino,
and such devices as: the Sear]l Electrogravity Disc, the
Podkletnov Gravity Shield and Project Greenglow, the
Zinsser Kineto-baric Field Propulsion and the
Woodward Field Thrust Experiments on Piezoelectrics.
All of these are described in more detail by Greer and
Loder.*!

Implications of This Research

» Antigravity and zero point energy research and
their applications are finally being addressed by some
of the open scientific community. This means there
will have to be a rewriting of textbooks in this area so
our new generation of students can apply this “new
knowledge.” Its application will lead to major
breakthroughs in transportation technologies both
earthside and in outer space. The implications are that
we have the potential for human exploration of our
solar system and beyond, if we have the will, within our
lifetimes. It also means that the majority of 20" century
space technology will be obsolete and in fact may
already be so. :

* The zero point or vacuum state energy source is
seen as a totally non-polluting energy source, which has
the potential to replace all the fossil fuels on this planet.
It also will provide the energy needed for long range
space flights. This means that fuel cells and solar cells
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in common use today for space flight energy
applications will only be needed until we transition to
these new energy technologies.

* Based on an analysis of trends in antigravity
research over the last half-century and the information
provided by numerous witnesses, it appears that there is
both good and bad news. The good news is that it
appears that we (at least covert projects) have already
developed the theories of antigravity, and additionally
have developed working spacecraft based on these
principles. The bad news is that these technologies
have been developed for at least several decades, at the
public’s expense and that human kind has been
deprived of these technologies, while continuing to
waste energy using less efficient and pollution
enhancing technologies.

Supporting this contention is the following quote
from Ben Rich, former head of the Lockheed
Skunkworks. Just prior to his death, he stated to a
small group after a lecture that: “We already have the
means to travel among the stars, but these technologies
are locked up in black projects and it would take an act
of God to ever get them out to benefit humanity...” He
further went on to say that, ‘anything you can imagine
we already know how to do.” Strong words from a
knowledgeable deep insider and words that support
what a number of the witnesses stated as well.

» As the reality of this knowledge begins to be
understood, there will be an outcry among space
scientists not on the inside for release of these
technologies to allow all of us to explore space. There
will be major changes in the way that NASA does its
business, though predicting these changes is difficult.

» Not only has space exploration in the public
sector suffered, but our planet’s environment has
suffered as well. Thus as this knowledge begins to sink
in there will be an outcry among all concerned citizens
on this planet for release of these technologies to allow
all of us to reduce and ultimately eliminate global
warming and environmental pollution that so threatens
our way of life. These technologies will not only affect
space travel technologies, but will also have a profound
effect on transportation and energy production on the
earth’s surface.

« In conclusion, we might consider the observation
made by Halton Arp“:

“We are certainly not at the end of science.

Most probably we are just at the beginning!”
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SOME OBSERVATIONS ON AVOIDING PITFALLS
IN DEVELOPING FUTURE FLIGHT SYSTEMS

Gary L. Bennett*
5000 Butte Road
Emmett, Idaho 83617-9500

Abstract

A number of programs and concepts have been
proposed to achieve breakthrough propulsion. As an
cautionary aid to researchers in breakthrough
propulsion or other fields of advanced endeavor, case
histories of potential pitfalls in scientific research are
described. From these case histories some general
characteristics of erroneous science are presented.
Guidelines for assessing exotic propulsion systems are
suggested. The scientific method is discussed and some
tools for skeptical thinking are presented. Lessons
leamed from a recent case of erroneous science are
listed.
Infroduction

Over the past few years a number of speculative
propulsion/transportation ideas have been advanced
which, if they can be verified, promise to revolutionize
space lransportation.14 In addition, a question has
been asked and some proposed answers given on the
possible propulsion system(s) for unidentified flying
objects (UFOs) or “flying saucers”, if the existence of
UFOs is accepned.5  Researchers at the U.S. Air Force
(USAF) Phillips Laboratory have proposed research
into “... more advanced ideas [such as]...
fundamental physics concepts which require basic
research and/or substantial development to create some
sort of breakthrough. These include vacuum zero point
energy, energetic species (i.e. nuclear or electronic
metastables), ball lightning, and various ‘breakthrough
physics’ concepts. In addition, a number of new
emerging technologies and popular ideas will be
followed such as nanotechnology, above unity devices,

and cold fusion”™.”

Separately, NASA has recently initiated a
“breakthrough propulsion physics” program which “...
implies discovering fundamentally new ways to create
motion, presumably by manipulating inertia and gravity
or by harnessing other interactions of matter, fields and

space-tim » 8.9
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Given the speculative proposals and the interest in
developing breakthrough propulsion systems it seems
prudent and appropriate to review some of the pitfalls
that have befallen other programs in “speculative
science” so that similar pitfalls can be avoided in the
future. And, given the interest in UFO propulsion,
some guidelines to use in assessing the reality of UFOs
will also be presented.

This paper will summarize some of the principal
areas of “speculative science” in which researchers
were led astray and it will then provide an overview of
guidelines which, if implemented, can greatly reduce
the occurrence of errors in research,

me Case Histories of Errors in Scien

This section will brefly describe several case
histories involving errors in science: (1) N rays; (2)
Davis and Bames experiment; (3) polywater; (4)
infinite dilution; and (5) cold fusion.

NRays

In 1903, French physicist René-Prosper Blondlot
claimed to have discovered that by heating a filament
inside an iron tube containing an aluminum-covered
opening one could see faintly illuminated objects better
in a darkened room. Some of his early experiments
were performed with pieces of paper which were barely
illuminated by a glowing calcium sulfide screen or a
lamp shining through pinholes. Since the heated
filament inside the iron tube improved the viewing,
Blondlot concluded that a new type of ray was being
produced, a ray which was stopped by the iron but not
by the aluminum. He called this new ray an “N ray” to

honor the University of Nancy, where he worked. 10

Blondlot discovered that certain objects could be
made to store these N rays. For example, if a brick
was wrapped in black paper and exposed to sunlight it
would give off N rays when taken back into the
darkened laboratory. Blondlot noted that if the brick
was held close to one’s head it made it easier to see the
paper in the darkened room. Holding the brick near the

paper had a similar effect.10

American Institute of Aeronautics and Astronautics




Copyright © 1997, American Institute of Aeronautics and Astronautics, Inc.

Blondlot reported that the N rays had some odd
effects. For example there was no improvement in the
effect of improved illumination if more than one brick
was used. Loud noises (such as someone entering the
laboratory) could spoil the effect. Heat increased the
effect but Blondlot said N rays were not the same as
heat. Blondlot also claimed to have found negative N
rays, which he called N’ rays that could nullify the
effect of the N rays. It was necessary to spend some

time in the darkened room to see the effect. 10

Blondlot published a number of papers on N rays.
Other scientists also published papers with about half

confirming Blondlot’s work.10

The American physicist R. W. Waod visited Blondlot
to witness some of the N ray experiments, Wood
watched as Blondlot used a large aluminum prism with
a 60° angle to measure the refractive index of the N

rays to two or three significant ﬁgures.10

‘When Wood questioned Blondlot as to how he could
measure the position of the beam to within 0.1 mm
when the slits in the Nemst filament were 2-mm wide,
Blondlot replied to the effect “That’s one of the
fascinating things about the N rays. They don’t follow
the ordinary laws of science that you ordinarily think

of”.10

At Wood’s request, Blondlot repeated the
experiments; however, unbeknownst to Blondlot in the
darkened room, Wood had removed the aluminum
prism. Blondlot got the same measurements! Wood
subsequently published this result, effectively ending

theeraof the N rays.10

Later some German researchers investigated how
Biondlot had been deceived. They observed that in a
darkened room it is difficult to see the paper so one is
tempted to pass one’s hand in front of the paper to see if
the paper is being illuminated. The interesting result
the German researchers found was that the hand could
be “observed” whether it was in front of the paper or
behind it. Langmuir has remarked that this “... is the
natural thing, because this is a threshold phenomenon.
And a threshold phenomenon means that you don’t
know, you really don’t know, whether you are seeing it
or not. But if you have your hand there, well, of course,
you see your hand because you know your hand’s there
and that’s just enough to win you over to where you
know that you sec it. But you know it just as well if the
paper happens to be in front of your hand instead of in

back of your hand, because you don’t know where the

paper is but you do know where your hand is» 10

The phenomenon of accepting a false belief and then
continuing to defend it in the face of information
showing the falsity of the belief is not new. In a
landmark study published in 1956 it was stated that “A
man with a conviction is a hard man to change. Tell
him you disagree and he turns away. Show him facts or
figures and he questions your sources. Appeal to logic
and he fails to see your po:int”.11 As this stdy
demonstrated, showing someone unequivocal and
undeniable evidence that a person’s belief is wrong
means “The individual will frequently emerge, not only
unshaken, but even more convinced of the truth of his
beliefs than ever before. Indeed, he may even show a
new fervor about convincing and converting other

people to his view” 11

Davis and Barnes Experi

Around 1930, two American physicists, Bergen
Davis and Arthur Bames conducted a series of
experiments in which electrons from a hot filament
were accelerated to match the speed of alpha particles
being emitted from a polonium source. By carefully
adjusting the voltage used to accelerate the electrons the
experimenters claimed that they could cause the
electrons to be captured by the alpha particles. The
measurements were made in a darkened room by
connting the number of scintillations on a zinc sulfide
screen with a microscope. To save time, the
experiments were focused on the voltages where it was
calculated that the peaks should occur according to the
Bohr theory. Davis and Barnes claimed to be able to
achieve electron capture at each of the energy levels of
the Bohr theory of the helium atom with measured

accuracies of 0.01 vots.1°

Irving Langmuir and Willis R. Whitney (then both at
the General Electric Research Laboratory in
Schenectady, New York) visited the Columbia
University laboratory of Davis and Barnes and
witnessed some of the experiments. They found that
Barnes was not counting for a fixed two minutes as
claimed and that he was ruling out some counts
arbitrarily. When Langmuir secretly had the technician
try a wider range of voltages Bames got measurements
that no longer correlated with the Bohr energy levels.
Bammes had an ad foc excuse for every criticism
Langmuir raised about the way the experiments were

being conducted. 10

Langmuir, who was to earn the 1932 Nobel Prize in
chemistry, subsequently wrote Barnes a 22-page letter
giving Bames all the data obtained by Whitney and
himself “... and showing really that the whole approach
to the thing was wrong; [Bames] was counting

2
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hallucinations, which I find is common among people
who work with scintillations if they count for too long.
Barnes counted for six hours a day and it never fatigued
him. Of course it didn’t fatigue him, because it was all

made up out of his h » 10 The next year Davis and
Barnes admitted in a short article in Physical Review
that they hadn’t been able to reproduce the effect. They
noted that the scintillations they were measuring were a

threshold phenomenon.m

Polvwater.

In the 1960s and early 1970s reports from N. N.
Fedyakin of the Kostrama Polytechnical Institute of the
former Soviet Union and Boris V. Derjaguin of the
Institute of Physical Chemistry of the Academy of
Sciences of the former Soviet Union claimed there was
a new form of water, later called polywater, that was
more dense and viscous than normal water. Polywater,
which was claimed to be formed in capillary tubes in an
atmosphere nearly saturated with water, reportedly
froze at -50 °C and boiled near 300 °C. Infrared
spectroscopy showed that polywater produced a
spectrum entirely different from normal water. Many
papers were published on polywater and several

theories were developed.12

As part of a study of polywater, Denis L. Rousseau
and Sergio Porto, then at the University of Southern
California, irradiated a sample of polywater with a laser
to obtain a Raman spectrum. The laser turned the
polywater into a black char, indicating that it “... was
no polymer of water but more likely a carbonaceous

material”.!2 Whenever negative results like these were
obtained, the proponents of polywater would always
claim that the samples giving the negative results were
contaminated but that their own samples, which showed
polywater, were clean. Rousseau later showed that one
could obtain the infrared spectrum for polywater from
ordinary human sweat. This showed “... that polywater

is pot water at all but a product of organic

contamination in the capillary tubes”.12

Rousseau subsequently observed that “The polywater
episode illustrates the loss of objectivity that can
accompany the quest for great new discoveries. The
quantities of polywater available were so small that
many useful experiments could not be done. Many
theories were put forward to describe the structure of
polywater without even considering the thermodynamic
difficulty of accounting for its very existence. Finally,
definitive experiments showing high Ievels of
contamination were done but not accepted, until
overwhelming evidence showed that a new polymer of

water had not been discovered”. 12

3

Infinite Diluti

In 1988 Jacques Benveniste of the University of Patis
and his collaborators reported that water retained a
memory or template of a molecule even when there
shonld be no molecules present. This phenomenon is
referred to as “infinite dilution” meaning that a
biological effect is produced even when the “
biologically active solution is diluted so many times

that no active molecules can be present .. 12

After Benveniste’s paper was published in Nature,
John Maddox, the editor of Nature, James Randi (a
professional magician), and Walter Stewart (an
experienced fraud investigator) spent three weeks in
Benveniste’s Iaboratory witnessing the experiments.
When an elaborate series of double-blind experiments
were conducted the biological effect was not measured.
This committee of three reported “... that the original
experiments were poorly controlled and that no effort
had been made to exclude systematic error or observer
bias”.12

Many of the traits reported in the earlier episodes of
erroneous science were present with infinite dilution.
The effect was weak and independent of the causative
agent. The counting was done visually and it was
extremely difficult to do. When the control produced
results at variance with the experimenters’s beliefs the
counting was redone. Negative results were
overlooked. Sometimes experiments would not work
for several months and one investigator seemed to be

the best at making the experiments work. 12

Rousseau has written that “Benveniste and his
colleagues were not doing fraudulent work. They
observed the effects that they reported. But they so
believed in the phenomenon that they could ignore or
reinterpret any questionable findings. In replying to the
Maddox committee, Benveniste wrote, ‘It may be that
all of us are wrong in good faith. This is no crime but
science as usual and only the future knows.” But,

self-delusion is not science as usual”.12
Cold Fusion

In 1989 two research groups in Utah announced that
they had discovered cold fusion by means of simple
electrochemical cells. Both research groups used heavy
water although their salts were different. The heavy

water would split into deuteroxyl ions (OD™ ) and
deuterons when a current was passed through the cells.
What they hoped to achieve was to collect enough
deuterons at the palladium cathode to cause them to
pack so tightly that they would fuse at room
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temperature and release energy, a process normally
requiring temperatures on the order of 108 °c.12

B. Stanley Pons of the University of Utah and Martin
Fleischmann of the University of Southampton reported
achieving enough cold fusion that the thermal output
exceeded the energy input by 4.5 times. To explain
away the absence of the neutrons which should have
been present at a level sufficient to kill the
experimenters they reported that “... the bulk of the
energy release is due to a hitherto unknown nuclear

process”.12 It was Ilater leamed that their
electrochemical cell was not a closed system so they
did not have a good heat balance. Moreover, their

method of calculating the energy release was
ﬂawed.13’14

David E. Williams, the Thomas Graham Professor of
Chemistry at University College London and previously
a research group leader at the Harwell Laboratory of the
UK. Atomic Energy Authority responsible for that
laboratory’s attempts to verify cold fusion, has written
about one staunch advocate of cold fusion repeating “...
the common assertion that the excess energies
associated with the electrolysis of D,O with a Pd

cathode are on the order of tens to hundreds of MJ/cm>
and hence can only find an explanation in some
phenomenon outside the chemistry of the system. In
this he displays an ignorance of the experimental
measurement and a naive belief in the significance of
impressively large numbers. The great majority of
experiments measure power; the large numbers are
obtained by multiplying an (ofien small) power by a
large time (the duration of the experiment) and dividing
by a small volume (that of the Pd cathode). In
comparison with the total energy applied to the
electrolytic cell, the excesses are much less impressive,
on the order of a few percent. More properly, in
comparison with the power applied to the cell, the

claimed excess power is often also small .. »15

Steven Jones of Brigham Young University and his
collaborators found evidence of increased neutron
production but nothing like the heat output reported by

Pons and Fleischmann, 12

Other researchers were unable to duplicate the
experiments of the two Utah groups. The neutron
emissions measured by Pons and Fleischmann were
inferred from a gamma-ray emission spectrum that was
more narrow than the resolution of their detector. The
claim that tritinm, one product of a deuteron-deuteron
fusion reaction, had been found was later discredited
when it was learned that tritium was a contaminant in

the palladium electrode.2

4

As Rousseau has summarized it, “Cold fusion was
doomed from the start when a race to be first took
precedence over the desire to be right. Most
measurements reporting nuclear effects from cold
fusion were barely above the background noise, and
extended periods of failed experiments afflicted even
Pons’s laboratory. The proponents of cold fusion
attributed the failure to several causes: differences in
the materials, the size of the electrodes, impurities in
the electrodes, and low current density. The list goes
on.

“Nuclear reactions, however, are very well
vnderstood. Any theory offered to account for the
reported observations must postulate new nuclear
processes that only occur in the palladium electrodes ...
The investigators of cold fusion also ignored definitive

expen'ments”.12

The whole sorry episode of cold fusion, which the
co-chair of the Department of Energy Energy Research
Advisory Board panel on cold fusion, Professor John R.
Huizenga, has termed the “scientific fiasco of the
century”, has been well documented in Refs. 13,14,
16-18. Suffice it to say that it is not a pretty picture but
as Prof. Huizenga stated: “The cold fusion fiasco

illustrates once again that the scientific process works

by exposing and correcting its own errors™ 13

Despite all these problems the U.S. Air Force has
considered studying (as noted earlier) “... a number of
new emerging technologies and popular ideas ... such
as nanotechnology, above unity devices, and cold

fusion”.” Some USAF personnel apparently foresee
using cold fusion for satellite power and for fast acting
throsters for survivability. The payoffs are listed as (1)
lower weight; (2) near limitless source of heat; (3) high
reliability and operability; and (4) simplicity and
robustness. The only technology needs identified were
the scaling up of cold fusion and the development of

specialized pumps, valves, and nozzles.” The fact that
no reputable, objective scientist has been able to prove
the existence of cold fusion seems to be beside the
point! (Even NASA got in the cold fusion act briefly in
response to the NASA Administrator’s order that no
nuclear power sources be flown again on NASA
spacecraft. After researchers at Lewis Research Center
were unable to make cold fusion work and mission
planners at the Jet Propulsion Laboratory showed to the
Administrator’s satisfaction that there wasn’t much
sunlight in the outer Solar System he recanted his order
against nuclear power although he does want a more
sporty -- and possibly unachievable within current
funding and schedule limits -- conversion system for
the next generation of radioisotope power sources.)
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As shown by the original hullabaloo over cold fusion
and the more recent NASA activities followed by the
proposed USAF program, an unfortunate aspect to bad
science such as cold fusion is that it diverts time and
funding from real science. Science writer Gary Taubes
has written that “What cold fusion had proven,
nonctheless, was that the nonexistence of a
phenomenon is by no means a fatal impediment to
continued research. As long as financial support could
be found, the research would continue. And that
support might always be found so long as the
researchers could obtain positive results. In fact, the
few researchers still working in the field would have
little incentive to acknowledge negative results as valid,

because such recognition would only cut off their

funds. It promised to be an endless loop”.14

Something Iike this has certainly occurred with
thermionic reactor research in the U.S. where hundreds
of millions of dollars have been spent yet no long-lived
(>5 years), high efficiency (210%), high specific power
(>5.5 We/kg) in-reactor-core thermionic system has
been built in the U.S.192! Sill the studies continue,
now with a focus on bimodal power/propulsion

systems.22 "And despite the investment of over $500
million in today’s dollars with no U.S. in-core
thermionic " reactor being built and meeting the
aforementioned goals, General Atomics of San Diego,
California was recently awarded a $5.4 million
cost-plus-fixed-fee contract by the Defense Special
Weapons Agency “... for the research, development,
test and evaluation of advanced in-core thermionic
technologies to support long duration space missions
for national security purposes. Focus is on the
advancement of thermionic performance rather than an
overall system design improvement since no specific
mission has yet been identified on which to base

detailed system requirements”[emphasis added].z3
Given the end of the Cold War and the lack of military
reactor missions coupled with the lack of any real
progress in U.S. in-core thermionic research it is
doubtful if there will ever be any real military system
requirements but contracts will continue to be awarded
in an “endless loop”. Is this pathological science or
pork barrel politics -- or both?

S ¢ Patholosical Sci

On 18 December 1953, Nobel-laureate Irving
Langmuir gave a colloguium on the subject of what he
termed “pathological science”, the science of things that
aren’t so. As Langmuir stated it, “These are cases
where there is no dishonesty involved but where people
are tricked into false results by a lack of understanding
about what human beings can do to themselves in the
way of being led astray by subjective effects, wishful

5

thinking or threshold interactions”. 10

Based on his study of the Davis and Barnes
experiment, the incident of the N rays and other early
mistakes, Langmuir listed six symptoms of pathological

science: 10

¢ The maximum effect that is observed is produced by a
causative agent of barely detectable intensity, and the
magnitude of the effect is substantially independent of
the intensity of the cause.

* The effect is of a magnitude that remains close to the
limit of detectability or, many measurements are
necessary because of the very low statistical
significance of the results.

e There are claims of great accuracy.

« Fantastic theories contrary to experience are
suggested.

« Criticisms are met by ad hoc excuses thought up on
the spur of the moment,

o The ratio of supporters to crifics rises up to
somewhere near 50% and then falls gradually to
oblivion.

Working with more recent erroneous science such as
polywater, infinite dilution and cold fusion, Denis L.
Roussean, at the time a Distinguished Member of the
Technical Staff at AT&T Bell Laboratories, condensed
Langmuir’s six symptoms into two characteristics and
added a third, which he believes to be the most

important: 12

1. The effect being studied is often at the limits of
detectability or has a very low statistical significance.

2. There is a readiness to disregard prevailing id:os
and theories.

3. The investigator finds it nearly impossible to do the
critical experiments that would determine whether or
not the effect is real.

In looking at the cases of pathological science presented
in this paper it is clear that most of them are at the
limits of detectability and they often were based on
subjective visual observations. The fact that there may
be no direct connection between the causative agent
(e.g:, number of hot bricks supposedly emitting N rays)
and the effect (better viewing) is not seen as an
impediment to the “new” scientific “discovery”. News
accounts of the advertised anti-gravity effect also place
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the effect at the limits of detectability. 1"

Cold fusion represents perhaps the most extreme
example of concocting new theories to explain a poorly
understood and poorly conducted set of

expeﬂments.l3’14 In contrast to the ready belief of the
cold fusion proponents in the fantastic new physics
invoked to explain their results, the author found it
refreshing to hear from several of the original nuclear
fission researchers (who were coincidentally meeting in
a special 50th anniversary conference at the same time
as the cold fusion fiasco erupted) that they were
unwilling to accept their experimental results until all

other avenues had been explored.24 Would that other
researchers had been as careful!

In none of the examples considered in the previous
section did the researchers conduct experiments to
determine if their results could be wrong. And in those
cases where other researchers came to different
conclusions they were criticized for having made
mistakes or using bad samples or the wrong procedures.

Carl Sagan has written about people who make
extraordinary claims, “The burden of proof is on them,

not on those who might be dubious”® In short, if
someone believes hefshe has discovered cold fusion or
anti-gravity it is up to him/her to prove it beyond a
shadow of doubt. It is not up to the skeptics to disprove
it. Unfortunately, as Sagan has observed pseudoscience
operates just the opposite from normal science:
“Hypotheses are often framed precisely so they are
invulnerable to any experiment that offers a prospect of
disproof, so even in principle they cannot be
invalidated. Practitioners are defensive and wary.
Skeptical scrutiny is opposed. When the
pseudoscientific hypothesis fails to catch fire with

scientists, conspiracies to suppress it are deduced” 26

As Sagan has so eloquently put it, “I believe that the
extraordinary should certainly be pursued. But

extraordinary claims require extraordinary evidence”.2
To date the extraordinary evidence has not been
reported for cold fusion or anti-gravity.

Other Exotic Propulsion Syst

One writer has pondered the question of what sort of
propulsion system a UFO would have to have to match
the reported observations of the motions of so-called

flying saucers>*®  Even though people have seen
strange things in the sky for centuries, the “Age of
Confusion” about flying saucers began with the

sighting near Mount Rainier by private pilot Kenneth

6

Amold on 24 June 194727  Following Arnold’s
claimed sighting there have been thousands of reports

of strange craft in the skies.27:28

Unfortunately, the sightings remain for the most part
anecdotal and the photographs are generally suspect.
Supposed artifacts have been shown to be of terrestrial
manufacture. In short, while there remain some
unexplained episodes, the vast majority of “sightings”
are of natural phenomena or they are delusions or

hoaxes.zs'28

Astronomer Alan Hale, who is co-discoverer of
Comet Hale-Bopp and director of the Southwest
Institute for Space Research, has listed three basic

principles as guides he uses in confronting beliefs about

UFOs or other paranormal phe:nomena:29

1. Extraordinary claims require extraordinary
evidence.

As an example of the kind of extraordinary evidence
he is secking, Hale lists ... the actual physical aliens
themselves, where I and other trustworthy and
competent scientists and individuals can stady and
communicate with them. I'd like to examine their
spacecraft and learn the physical principles under which

it operates. I’d like a ride on that spacecraft.”? And
he lists other things he would like to see and investigate
directly.

Personally, I would like to see the UFO land on the
Mall in Washington, D.C. and be subjected to a
complete inspection using all the resources (scientists,
engineers, technicians, equipment, etc.) at humanity’s
disposal. Like Sagan 25.26 1 am highly skeptical about
these reported aliens in UFOs since they never seem to
contact any officials, they never demonstrate or leave
any technology we don’t already have and they never
leave any messages that we don’t already know.

2. The burden of proof is on the positive.

Hale demands that the one making the claim produce
the extraordinary evidence to prove the correctness of
the claim, noting that the burden is not on the skeptic to
prove that the advocate is wrong. He goes on to state
that “... you must prove your case by providing the
direct and compelling evidence for it; you can’t prove it
by eliminating a few token explanations and then

crying, ‘Well, what else can it be?”"2?

3. Occam’s Razor: If one is confronted with a
series of phenomena for which there exists more than
one viable explanation, one should choose the simplest
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explanation which fits all the observed facts.

Hale notes that people can make mistakes in their
observations and that most people are not aware of the
natural phenomena one can observe in the sky. Many
people are not trained to observe what they claim to
observe. People can be deceived by their preconceived
notions and expectations and some people will create
hoaxes. Hale asserts that “Taking all these undeniable
facts together, the simplest explanation-to me,
anyway--for the UFO phenomenon is that every report
is either a hoax or is a mistake of some sort. If this
explanation is incorrect, then you have to increase the
sphere of undeniable facts; and for this, see points 1)

and 2) above” 2

Another “breakthrough physics™ concept being
studied is based on the belief that energy can be
extracted from the zero-point fluctuations of the

vacuum.” In searching for the origin of this idea, R. L
Park of the American Physical Society wrote that “*The
New Energy News’ ... credits the idea to physicist
Harold E. Puthoff and proclaimed him “The New
Energy News Theorist of the Year.” ... Puthoff’s ideas
are controversial; but he’s accustomed to controversy.
In 1972, at the Stanford Research Institute, Puthoff and
Russell Targ were promoting psychic spoon-bender Uri
Geller; five years later, they published ‘Mind Reach,” a
book about remote-viewing that inspired the CIA to
invest in psychic espionage. Reportedly, Puthoff
himself once sent his mind to explore the surface of
planet Mercury”.30 Clearly, Hale’s principles should
be applied to this type of research!

Author’s Note: For those not familiar with the New
Energy News, it has been published by something
called the Fusion Information Center which also
disseminated information on cold fusion.  This
publication states that it is interested in “... papers ...
covering both theory and practice of energy producing
devices and systems such as cold nuclear fusion,
rotating N-Machines, Solid-Statc energy systems,
Magnetic over-unity machines, Tapping Space Energy
(Zero-Point Energy), gravity control techniques,
energetic transmutations (nuclear reactions), and other

new energy research”.3! Those interested in some of
- the activities of Harold Puthoff, Russell Targ and the
spoon-bender Uri Geller are encouraged to read

Science, Good, Bad and Bogus by Martin Gardner.32
The Scientifi
Physicist Alan Cromer has described science as “...

the search for a consensus of rational opinion among all
competent researchers ... The products of science give

7

empirical proofs of its theories. Mathematics and
experimentation provide powerful arguments with
which to convince and persuad; »33 Cromer states that
“Science is the heretical belief that the truth about the
real nature of things is to be found by studying the
things themselves”>  Cromer also notes that the
scientific way of thinking is not natural to humans; it is
something which has to be learned.>3 Sagan has
observed that “Science is a way of thinking much more
than it is a body of knowledge”.25

To study things requires the use of the scientific
method. While there is no single absolute detailed
process to be followed for all science, the American
philosopher Morris R. Cohen has written that “The
problem of how to get rid of illusion and see what truly
goes on in nature requires that persistent and arduous
use of reason which we call scientific method ...
Scientific method is a systematic effort to eliminate the
poison of error from our common ]a:nowledge”.34 In
short, science is as much a process as it is an assembly
of facts, but it is a process that requires assembling of
the relevant facts (quantitative measurements) and the
testing of hypotheses. It is a process that any scientist
in the field should be able to duplicate in order to check

claims of new discoveﬁes.25’26'29’32’35

To aid in avoiding pitfalls in developing advanced
propulsion (or exploring any new field), Sagan’s tools

of skeptical thinking are highly recommended: 2
« Obtain independent confirmation of the “facts”.

» “Encourage substantive debate on the evidence by
knowledgeable proponents of all points of view.”

* Give little weight to arguments from authority.

» Develop and test more than one hypothesis in a fair
and objective manner.

« Do not become overly attached to your own
hypothesis.

» Quantify your observations wherever possible.
» Test the entire argument — “If there’s a chain of
argument, every link in the chain must work (including

the premise)--not just most of them” .

s Use Occam’s Razor -- when two or more
hypotheses explain the data equally well, choose the
simplest hypothesis.

» “Always ask whether the hypothesis can be, at
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least in principle, falsified. Propositions that are
untestable, unfalsifiable are not worth much ... You
must be able to check assertions out. Inveterate
skeptics must be given the chance to follow your
reasoning, to duplicate your experiments and see if they
get the same result.”

A useful guide in conducting scientific research is the
National Academy of Sciences publication On Being a

Scientist.35

Lessons Learned

In the concluding chapter of his book, Cold Fusion:
The Scientific Fiasco of the Century, Professor John R.
Huizenga lists 15 lessons from which we all may profit

in conducting research. These lessons are 13
» Handling far-out ideas and claims

Far-out ideas and claims should be presented first
informally at a meeting of colleagues to address the
hard questions. Where the work involves science or
technology outside the advocate’s main area of
expertise the briefings should include experts from
those areas. When all questions have been answered
and all the experimental checks made one should
present the results to other experts outside the
laboratory or organization and then submit to the

peer-review process.
» Judging hypotheses

One should avoid the extreme position of rejecting all
previous work in the field just because one has obtained
some anomalous result. If a hypothesis requires the
belief in several miraculous occurrences then the
hypothesis is probably pathological.

» Premature publication

Researchers should submit to the full peer review
process to avoid being caught later with an unsound
paper. Editors and reviewers also have a responsibility
to ensure the technical soundness of a paper. Where
there is some justifiable need for urgent publication the
editor can always put a disclaimer on the paper noting
that it has not been peer reviewed. (The author
proposed something like this for speculative papers
submitted to the annual Intersociety Energy Conversion
Conference not only as a caution for other researchers
but as a warning to potential investors.)

« Publication by press conference

The announcement of a new scientific discovery at a

3

press conference should only be done where it is
justified and where there is enough supporting
information to back up the claimed discovery.
Generally, it is far better and safer to “announce” the
discovery through the normal peer review process.

* Publication of primary data

Researchers should publish enough of their primary
data and experimental procedures to enable other
researchers to check their results. If mistakes are later
found these should be formally moted in the same
publication that carried the original data.

= Reproducibility in science

Researchers should publish sufficient information
about how they conducted their experiments so that
other researchers can check their work. As Huizenga
has written, “The foundation of science requires that

experimental results must be reproducible. Validation

is an integral part of the scientific process”. 13

= Scientific isolation in research

Breakthroughs in science generally are made by
researchers who are fully knowledgeable in their fields
and in contact with other researchers. In contrast,
University of Utah officials claimed that the isolation of
Pons and Fleischmann from both the traditional centers
of fusion research and from nuclear scientists was what
led them to make their claimed breakthrough discovery
of cold fusion. Unfortunately, when their cold fusion
results conld not be duplicated by reputable, objective
(and skeptical) scientists, cold fusion was dubbed
another example of the “Utah Effect” (a term first used
in connection with University of Utah Professor
Edward Eyring’s 1972 mistaken claim of discovering

the x-ray laser).13'14
« Control of information

Researchers must be open with and willing to share
their research data and experimental techniques. Free
and open communication is central to the scientific
process.

« Secrecy in basic research

Basic research is best conducted openly with the peer
review process. If the research is done in secret the
kinds of errors that afflicted so-called cold fusion can
occur. Similar problems occurred when the former
Strategic Defense Initiative Organization (SDIO) tried
to develop a nuclear rocket code-named “Timber
Wind” using a technology (particle bed reactor) that
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was highly questioned by outside experts. In that case
people who had technical concems about the viability
of the concept were either ignored or denied further

access to information on the program.36
*» Discovery by outsiders

There seems to be a growing belief that only people
who are not experts can make breakthrough discoveries
because their minds are not clonded by “official”
science. The facts are quite different--it is very rare
that a non-expert makes a breakthrough discovery
outside his or her field. As Prof. Huizenga has
observed, “Most fundamental discoveries are made by
persons intimately familiar with their research
discipline because they not only know the subject

matter of the field but also know the pitfalls and traps

and have made many of the obvious mistakes”.13

» Lobbying before Congressional committees

Lobbying before Congressional committees is
contrary to the scientific process of peer review and it is
particularly dangerous when the advocates are
championing something like cold fusion which has not
been confirmed. Not only is lobbying for unproven
concepts damaging to science it wastes the country’s
limited research funds. Prof. Huizenga has estimated
that “It has taken upwards of some fifty to one hundred
million dollars of research time and resources to show
that there is no convincing evidence for room
temperature fusion”.1® Timber Wind cost the U.S. at
least $139 million between Government Fiscal Years
1987 and 1991 largely on the basis of Congressional
lobbying.36 Thermionic reactor research has cost the
country on the order of $500 million in today’s
dollars.!® These monies could have been better spent
on peer-reviewed space technology of more benefit to
the country.

» Funding large initiatives

Large initiatives should be funded only when there is
clear, objective, peer-reviewed evidence in support of
the concept.

= Patents and revenues from basic science

If the concern is over protecting patent and
intellectual property rights, the normal process is to
verify the scientific results first, then file the patents
and then announce the work. The process of
announcing the results first with very limited
information and no scientific verification was a key
“contributor to the cold fusion fiasco.

9

» The press and basic science

The press should explore claims of breakthrough
science thoronghly making sure that the public is being
given a true picture of what is claimed. The preferred
process for publicly reporting new discoveries is to wait
until the research paper has been peer reviewed and
accepted for publication by a respected journal in the
field. Using press conferences before complete
scientific papers were accepted contributed to the
confusion about and eventnally distrust of claims of
cold fusion.

« The scientific process

Claims of breakthrough discoveries should be made
through the usual scientific process of peer review and
validation through independent reproduction of the
results.

Concluding Remarks

Advanced propulsion research must be continued
because of the tremendous payoff it offers to our ability
to conduct scientific, exploration, and commercial
space missions. However, in our studies of advanced
propulsion concepts we should be guided by the
scientific method so that we can avoid the types of
pitfalls that have ensnared other scientists in what
Irving Langmuir has called “pathological science”.
Physicist Richard P. Feynman said it best in his
minority report on the Challenger accident: ‘For a
successful technology, reality must take precedence
over public relations, for nature cannot be fooled” 37
Unfortunately, what has often occurred with
pseudoscience is that “... for the survival of an
unsuccessful technology, public relations must take

precedence over reality”.14 If we ignore reality then
everyone loses and our research field is damaged.
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Abstract

In the current paper the results of experimental research of magnetic-gravity effects are presented. Anomalous
magnetic and thermal changes within a radius of 15 meters from the researched device were measured as well.

PACS: 41.20.-q; 44.60.+k; 76.50.+q

Introduction

We have experimentally studied the physical ef-
fects in a system based on rotating permanent magnets
[1]. Below we describe the technology of manufacture,
assembly, and the results of testing this experimental
setup, which is referred to as the converter.

Received effects:

e  Generation of mechanical energy in a self-
governing mode of operations;

e Change of weight of the converter;

»  Formation of a local magnetic and temperature
fields as concentric cylinders around converter.

Description of the Experimental Setup

The basic difficulty arises in choosing the materials
and maintaining the necessary magnetic pattern (“im-
printing”) on the plate and roller surfaces. To simplify
the technology we decided to use a one-ring design with
one-ring plate (stator) and one set of rollers (rotor). It is
obvious, that it was necessary to strengthen the rollers
on a rotor by the bearings and balance the rollers well.
In the suggested design, air bearings were used which
provided the minimum losses due to friction.

From the available description [1] it was not clear
how it is possible to make and magnetize the stator with
a diameter of about one meter. In order to make the sta-
tor from separate magnetized segments executed with
rare earth magnets with the residual induction of 1T, the
segments were magnetized in a usual way by discharg-
ing a capacitor-battery energizer through a coil. After-
wards the segments were assembled and glued together
in a special iron armature, which reduced magnetic en-

ergy.

“Copyright © 2001 by Vladimir Roschin and Sergei
Godin. Published by American Institute of Aeronau-
tics and Astronautics, Inc. with permission.”
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To manufacture the stator 110 kg of rare earth
magnets were used. To manufacture the rotor 115 kg of
that material was used. High-frequency field magnetiza-
tion was not applied. It was decided to replace imprint-
ing technology described in [1] with cross-magnetic in-
serts having a flux vector directed at 90 degrees to the
primary magnetization vector of the stator and rollers.
For these cross-inserts the modified rare earth magnets
with residual magnetization of 1.2 T and coercive force
a little bit greater than in a base material were used.
Fig.1 and Fig.2 show the joint arrangement of stator 1
and rotor, made up of rollers 2, and a way of their mu-
tual gearing or sprocketing by means of cross magnetic
inserts 19. Between the stator and roller surfaces air gap
6 of 1 mm is maintained.

Fig. 1. Variant of one-ring converter.

No layered structure was used except a continuous
copper foil of 0.8 mm thickness, in which the stator and
rollers was wrapped up. This foil had a direct electrical
contact to magnets of the stator and rollers. Distance be-
tween the inserts in rollers is equal to distance between
the inserts on the stator. In other words t; = t, on a
Fig.2.
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Fig.2. Sprocket effect of magnetic stator
and roller inserts.

The ratio of parameters of the stator 1 and the rotor
2 on Fig.2 is chosen so that the relation of stator diame-
ter D to the roller diameter d is an integer equal to or
greater than 12. Choosing such ratio allowed us to
achieve a resonant mode between elements of a working
body of the device.

The elements of magnetic system were assembled
in a uniform design on an aluminum platform. Fig.3
displays the general view of the platform with the one-
ring converter. This platform was supplied with springs,
shock absorbers and had a possibility of moving verti-
cally on three supports. The possible vertical displace-
ment was 10mm and the induction meter 14 was used
for measuring this displacement. Thus, the instantane-
ous change of platform weight was defined during the
experiment in real time. Gross weight of the platform
with magnetic system in an initial condition was 350 kg.

The stator 1 was mounted motionlessly and the
rollers 2 were assembled on a mobile common rotor -
separator 3, which is connected with the basic shaft 4 of
the converter. Through this shaft the rotary moment was
transferred. The basic shaft by the means of friction

oo}
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muff 5 was connected to a starting engine 6, which ac-
celerated rotor of the converter up to a mode of self-
sustained rotation. An ordinary DC electrodynamics
generator 7 also was connected to the basic shaft as a
main loading of the converter. Adjacent to the rotor,
electromagnetic inductors 8 with open cores 9 were lo-
cated.

The magnetic rollers 2 crossed the open cores of in-
ductors and closed the magnetic flux circuit through
electromagnetic inductors 8, inducing an electromotive
force in them, which acted directly on an auxiliary ac-
tive load 10 - a set of incandescent lamps with total ac-
tive power of 1 kW. The electromagnetic inductors 8§
were equipped with an electrical drive 11 on supports
12. Driven coils were used for smooth stabilization of
the rotor rpm. The speed of the rotor also could be ad-
justed by changing the main loading 10.

To study influence of high voltage on characteris-
tics of the converter, a system for radial electrical po-
larization was mounted. On a periphery of rotor the ring
electrodes 13 were set between the electromagnetic in-
ductors 8 and had an air gap of 10 mm with the rollers
2. The electrodes are comnected to a high-voltage
source; the positive potential was connected to the sta-
tor, and the negative - to the polarization electrodes.
The polarizing voltage was adjusted in a range of 0-20
kV. In the experiments, a constant value of 20 kV was
used.

In case of emergency braking, a friction disk from
the ordinary car braking system was mounted on a basic
shaft of the rotor. The electrodynamics generator 7 was
connected to an ordinary passive resistive load through
a set of switches guaranteeing a step connection to the
load from 1 kW to 10 kW - a set of ten ordinary elec-
tric water heaters.
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Fig.3. The genei‘al view of the converter and its platform.

Converter under testing had in its inner core the oil
friction generator of thermal energy 15 intended for di-
recting a superfluous power (more than 10 kW) into the

2

thermo-exchange contour. But since the real output
power of the converter in experiment has not exceeded
7 kW, the oil friction thermal generator was not used.
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Fig.4. A diagram illustrating various operation regimes of the converter,
-G, +G changes in weight of the platform vs. rpm

Experimental results

The magnetic converter was mounted in a labora-
tory room on three concrete supports at a ground level.
The ceiling height of lab room was 3 meter. A common
working area of the laboratory was about 100 sq. me-
ters. Besides a presence of an iron-concrete ceiling in
the immediate proximity from the magnetic system
there was a generator and electric motor, which con-
tained tens of kilos of iron and could potentially deform
the field structures.

The device was started by the electric motor,
which accelerated rpm of the rotor. The revolutions
were smoothly increased up to the moment the ammeter
included in a circuit of the electric motor begin to show
zero or a negative value of consumed current. The
negative value indicated a presence of back current.
This back current was detected at approximately 550
rpm under clockwise rotation. The displacement meter
14 starts to detect the change in weight of the whole in-
stallation at 200 rpm. Afterwards, the electric motor is
completely disconnected by the electromagnetic muff
and an ordinary electrodynamics generator is connected
to the switchable 10 kW resistive load. The converter
rotor continues self-accelerating and approaches the
critical regime of 550 rpm when the weight of the
whole installation quickly changes.

In addition to dependence on a speed of rotation,
the common weight of device depends from output
power on the load and from applied polarizing voltage
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as well. As seen on Fig.4, under maximum output
power is equal to 6-7 kW the change of weight AG of
the whole platform (total weight is about 350 kg),
reaches 35 % of the weight in an initial condition G;.
Applying a load of more than 7 kW results in a gradual
decrease of rotation speed and an exit from self-
sustained mode (right sides of the curves on Fig.4 for a
7 kW loading).

The net weight G, of the platform can be con-
trolled by applying high voltage to polarization ring
electrodes located at a distance of 10 mm from external
surfaces of the rollers. Under a high 20 kV voltage
(electrodes have a negative polarity) the increase of
tapped power of the basic generator more than 6 kW
does not influence AG if rotation speed is kept above
400 rpm. "Tightening" of this effect is observed as well
as the effect of hysteresis on AG at rotation of a rotor
on a clockwise and counter-clockwise (a kind of "resid-
ual induction"). The experimental diagrams given on
Fig.4 illustrate the +G and —G changes in weight of the
converter vs. rotor rpm. The effect of a local change of
the platform weight is reversible, relative to the direc-
tion of rotor revolution, and has the same hysteresis. A
clockwise rotation causes the critical regime to occur in
area of 550 rpm and a propulsion force against the di-
rection of gravitation vector is created. Correspond-
ingly, a counter-clockwise rotation causes the critical
mode to occur the in area of 600 rpm and a force in the
direction of gravitation vector is created.

American Institute of Aeronautics and Astronautics



The difference in approach to a critical regime of
50 - 60 rpm was observed. It is necessary to mention
that the most interesting region are situated above the
critical area of 550 rpm, but due to of a number of
circumstances the implementation of such research was
not possible. Probably, there are also other resonant
modes appropriate to higher rpm of a rotor and to the
significant levels of useful loading and weight chang-
ing. Proceeding from the theoretical assumptions, the
dependence of tapped mechanical energy from the pa-
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rameters of magnetic system of the converter and rpm
of a rotor has a non-linear character and the received ef-
fects are not optimum. From this point of view, the re-
vealing of a maximal output power, of maximal change
of weight and converter resource represents a large
practical and scientific interest. In tested sample of the
converter the using of higher rpm was inadmissible be-
cause of unsufficient mechanical durability of the mag-
netic system, which has been stuck together from sepa-
rate pieces.

61 kW

Output electrical Power of Converter
A 12~15 minutes
N, ipm kW 1+ kW 241 kW 3+1 kW 4+1kW 5+1 kW
< " “% Ly ods
. // /"I
;’ Lo .
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30% 35% dG
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Fig.5 Diagrams of rotor accelerating and loading of the converter.

On Fig.5 the dependence of total weight of whole
installation and its output power directed into active
loading from rpm of a rotor of the converter is ex-
plained in detail. The diagrams are constructed for a
case of HV polarization ON (top diagram) and HV po-
larization OFF (bottom diagram). The time from start-
ing of the engine up to a mode of self-sustaining of the
converter at the rotation of a rotor clockwise approxi-
mately is equal 1.5 minutes. Power of starting DC en-
gine was about of 2 kW and reduction on a shaft of the
converter was equal 1/10. At achievement of a critical
mode (550 rpm.) the change of gross weight of a plat-
form already achieves +/-30% from G;. Under transition
to resonant mode the revolutions with the large accel-
eration have increases up to 590 rpm and weight has
changes up to + /-35% from G;. This point on the dia-
gram begins at once after a critical point (inclination of
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a curve ;). At achievement of 590 rpm the first stage
of active loading 1 kW is connected to the electrody-
namics generator. The revolutions have a sharply reduc-
ing and AG also is changing. As soon as the revolutions
begin to grow again, the second switchable loading is
connected and rotor rpm are stabilized at a level of 590-
595 rpm. AG continues to change. The increasing of
switchable loading occurs by steps on 1 kW up to total
power of 6 kW. All intervals are equal approximately of
10-30 sec. Afterwards the short-term increasing of revo-
lutions and then the full stabilization of the 6 kW output
during of 12-15 min was observed.

More than 50 launches of the converter with an ab-
solute repeatability within three months were carried
out. It is necessary to note that revolutions will grow
with acceleration shown on Fig.5 by angles o;...as, if
do not switch on the next step of loading to the genera-
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tor at rpm increasing. For returning to a previous rpm
mode it is necessary to switch on a twice more loading.

The words above concern a mode with switched
ON a high voltage polarization of 20 kV, "plus" is on a
grounded stator. Without polarization voltage (lower
curve on Fig.5) the diagram is approximately the same,
but is well indicated the more soft character of a loading
and faster changing of weight of a platform due to de-
creasing of rpm.

Other interesting effect is corona discharges, which
was observed at the work of the converter in a dark
room. At this, around the converter rotor a blue-pink
glowing luminescence and a characteristic ozone smell
were noticed. On Fig.6 the cloud of ionization covers
area of the stator and rotor and is having accordingly a
toroidal form.

Fig.6. Corona discharges around the converter.

On a background of luminescence glowing on the
roller surfaces, we distinguished a separate «wave pic-
ture». A number of more vigorous strips of discharges
around the rollers were observed. These discharges
were of a white-yellow color but the characteristic
sound for arc discharges was not audible. There were
not noticed any erosive damages by arc discharges on
surfaces of the stator and the rollers as well.
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One more effect previously not mentioned any-
where was observed - the vertical concentric magnetic
"walls" around the installation. We noticed and meas-
ured a permanent magnetic field around the converter
within a radius of 15 meters. For this magnetic field
measurement a Russian made magnetometer F4354/1
was used. Magnetometer had a Hall-effect sensor in a
copper shielding. The zones of increased intensity of a
magnetic flux 0.05 T, located concentrically from the
center of the installation were detected. The direction of
the magnetic field vector in these walls coincided with
direction of magnetic field vector of rollers. The struc-
ture of these zones was like the Bessel function of zero
order of two arguments. No any magnetic fields were
registered between these zones by portable magnetome-
ter. The layers of increased intensity were distributed
practically without losses up to a distance of about 15
meters from a center of the converter and had a quick
decreasing at a border of this zone. The thickness of
each layer was approximately of 5 - 6 cm the border of
each layer was very sharp. The distance between layers
was about of 50 - 80 cm where the upper value is seen
when moving from center of the converter. A stable pic-
ture of this field was observed as well as at a height of 6
m above the installation (on the second floor above the
lab). Above the second floor, measurements were not
carried out. The similar picture was observed and out-
side of a room of laboratory, directly in the street, on
the ground. The concentric walls were strictly vertical
and no had appreciable distortions. The Fig.7 illustrates
the schematic placing of the converter in a room of
laboratory and arrangement of concentric magnetic and
thermal fields around the installation.

~ 30 m

0,8 M 0,5 ™

0,05-0,06 ™M

il=

Fig.7. Schematic placing of the converter and field patterns in lab room.
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An anomalous decrease of temperature in a vicinity
of the converter was also found. While the common
temperature background in laboratory was + 22°C
(£2°C) the stable fall of temperature of 6-8°C was no-
ticed. The same phenomenon was observed in concen-
tric vertical magnetic walls as well as. The measure-
ments of temperature inside the magnetic walls were
carried out by an ordinary alcohol thermometer with an
inertia of indication about 1.5 min. Inside the magnetic
walls the temperature changes can even be distinctly
observed by hand. When the hand is placed into this
magnetic wall the cold is felt at once. A similar thermal
picture was observed at height above the installation,
i.e. on a second floor of the laboratory as well as despite
the steel-reinforced concrete blocks of a ceiling and also
on an open air outside of the laboratory.

Concentric magnetic walls and accompanied ther-
mal effects begin to appear approximately from 200
rpm and have a linearly increasing with speeding up of
revolutions up to a critical regime. The measurements
above 600 rpm were not made because of fear of de-
struction of magnetic system. On Fig.8 the curve of in-
tensity of magnetic field in mT and change of tempera-
ture in Celsius degrees due to rpm changing is repre-
sented.
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Fig.8. The dependence of intensity of magnetic
field and changes of temperature vs. rotor rpm of the
converter.

Discussion

All the results we obtained are extremely unusual
and require some theoretical explanation. Some theo-
retical approaches and phenomenological descriptions
can be found in our book [2]. Unfortunately, interpreta-
tion of these results within the framework of conven-
tional physical theory cannot explain all observed phe-
nomena especially the change of weight. We can inter-
pret change of weight as a local change of gravitation or
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as some propulsion force like a propeller work in air.
Only a role of a propeller the magnetic system is play-
ing, and a role of air - the quantum environment - ether
filled with a "dark matter and energy”. Direct experi-
ment, which would has confirming the presence of a
propulsion force was not performed, but in any case
both interpretations of the weight change do not corre-
spond to the modern physics paradigm.

In conclusion we would like to emphasize that is-
sues of biological influence and especially effects of
unknown radiation around of the converter were not
considered at all. Our own experience allows us to do
only cautious assumption that the short-term stay (dozen
minutes) in a working zone of the converter with fixed
output power of 6 kW remains without observed conse-
quences for exposed persons.
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ABSTRACT

Driven by the knowledge that mass-gjection
from a rocket engine is a major drawback in the
exploration of space, investigations of fringe effects
(or abnormalities) in known science and dealing
with mass reduction was undertaken. This research,
then examines the possible connection between
gravity and electro-magnetic affects on the Type I,
YBCO superconductor, as reported by the Russian
scientist, Eugene Podkletnov. It is suggested that the
guantum fluctuations of the electrons across the
multitude of superconductor grain boundaries in a
properly prepared Type Il; superconductors may
produce a measurable force on the vacuum that could
counteract the effect of gravity, an acceleratory force.
Within known physicists, the driving phenomena
appears to relate to both the Maxwell Stress Tensor
as derived by Oliver Heaviside and Woodward's
transient mass theory. As ameans of improving this
understanding, a simplified laboratory experiment
has been constructed using a modified—automated
commercial Cavendish balance. The larger lead
masses used in this balance was replaced by a system
to EM modulate a superconductor. Tests results
were inconclusive because at both room temperature
and at liquid nitrogen temperatures the application
of the electromagnetic (EM) or rf energy resulted in
an upward climb in the data.
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INTRODUCTION

Engineers working in the aerospace fields
dealing with rocket engine technology quickly learn
that mass-gection is a magor drawback in the
exploration of space. Using current rocket
technology a trip to the next star would easy
consume the mass-energy equivalent of a planet in
order to arrive within a reasonable lifetime with
reasonable hardware and expendables for the
journey.  Technologies like nuclear fisson and
fusion offer some hope, but still will not support the
“Star Trek” vision of space exploration. Therefore,
the NASA Propulsion Research Center at the
Marshall Space Flight Center in response to the
propulsion challenges specified by the NASA
Breakthrough Propulsion Physics (BPP)™" project,
specialy to investigations fringe effects or
abnormalities in known science and dealing with
mass reduction, proposed to explore the recently
report observation of anomalous gravitation behavior
in  experiments using high  temperature
superconductor.

The thesis of this research is to see if thereis a
possibility to circumvent the rocket equation
without violating physical laws and to produce
valid experimental data that can be used to show
credible validation of these effects. The intend here
is then to examining the possible connection between
gravity and electro-magnetic affects on the Type I,
YBCO superconductor, as reported by the Russian
scientist, Eugene Podkletnov and provide a rigorous,
independent, empirical conformation (or refutation)
of the effect.

It has been suggested that the quantum
fluctuations (or electromagnetic nature) of the
electrons across the multitude of small

" Lead by the NASA Glen Research Center
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superconductor grains, called Josephson junctions, in
properly prepared sintered Type Il, superconductors
may produce a measurable force on the vacuum (i.e.,
space vacuum) that could counteract the acceleratory
force of gravity.

The experiment that was proposed utilizes a
commercially available torsion balance called a
Cavendish balance, which is commonly used by
physics students to measure the value of the
gravitational constant. The extent of the experiment
is not to measure the gravitational constant, but to
measure the change in the dynamic angle induced on
a torsion beam as a result of the attraction between
the beam masses and external test masses (i.e.,
superconductor). In theory, the values of the
calculated dynamic angles between two tests should
be different if the masses are of different weight
values. Assuming that the characteristics of the
balance do not change between tests, the difference
between the two dynamic angles can be used to
correlate the mass change. Whereby, if a change is
detected between a superconductor and an electro-
magnetically radiated superconductor, one can
deduce that there is a possibility that an interaction
with the vacuum had occurred.

The research conducted here is but afirst stepin
the possible application of atheory into an applicable
engineering space drive model, which can then be
used to design a purely massless propulsion system
for interplanetary applications.

A successful or null test would however, not
indicate the full benefit of the phenomena nor that it
is truly a physical effect. Whereby, further testing
would need to be conducted to validate the results
and to devise the true nature and applicability to a
space propulsion system.

BACKGROUND

A number of anomalous gravitational effects (or
acceleratory forces) have been reported in the
scientific literature during recent years, but there has
been no independent confirmation with regard to any
of these claims. One such experiments was reported
by the Russian scientist, Eugene Podkletnov, in

which he reported anomalous weight loss (0.05-
2.1%) for a variety of test masses suspended above a
rotating YBCO?, type-11 superconductor.™? Further
experiments using simplified apparatus without
rotation have reported transients of up to 5% weight
loss.** Siill, agreat deal of skepticism continues to

#Yttrium, Barium, Copper, and Oxygen.
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be expressed, mainly due to uncertainties associated
with experimental technique. Other researchers, for
example, have yet to duplicate Podkletnov’s rotating
disk experiments and obtained null resultsin a set of
simplified experiments using a stationary disk.®

The technical goal was then to critically test this
revolutionary physical claim and provide a rigorous,
independent, empirical confirmation (or refutation)
of anomalous effects related to the manipulation of
gravity by rf-pumped magnetized type-ll
superconductors.  Because the current empirical
evidence for gravity modification is anecdotal, our
objective was to design, construct, and meticulously
implement a discriminating experiment, which
would put these observations on a more firm footing
within the scientific community. Our approach is
unique in that we advocate the construction of an
extremely sensitive torsion balance with which to
measure gravity modification effects by rf-pumped
type-11 superconductor test masses.

Three competing theoretical explanations have
been proposed to explain these gravitationa
anomalies: (1) gravity shielding,*? (2) absorption
via coupling to a Bose condensate® and (3) a
gravito-magnetic force®™® ¥  To date, however,
there has been no definitive corroboration between
any of these theories and empirical observations.
Therefore, it is clear that carefully designed and
meticulously executed experiments are needed to
explore these anomalies and to convincingly
demonstrate the alleged effects. However, validation
of a new theory is in itself a long and mischievous
task. Thisis more so when you have to consider the
nature of electrons at the atomic scale.

In light of the granular nature of a sintered
YBCO superconductor disk, one can address the
much larger grain interfaces in more macroscopic
terms using  electric-potentials,  displacement
currents, and magnetic fields. This is due to the
Josephson junction effect at the interface, which is
somewhat like an AC capacitor.

A search of the literature has produced several
experiments using capacitors to interact with the
vacuum to cause a force; 1) the Trouton and Noble
(T-N) experiment™, 2) the Biefield-Brown (B-B)
experiment™™, 3) the Graham and Lahoz (Heaviside)
experiment®, and 4) the Woodward (Transient
Mass) experiment!™”.

ENGINEERING APPLICATION OF
QUANTUM VACUUM
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As aerospace engineers we deal more with the
technology development of machines that have
proven to work within the physical boundaries of
known physica laws, which govern the rocket
equations.  Speculative theories can only lead to
misunderstanding and lost paths. Therefore, space
propulsive systems are designed to overcome
gravitational forces by the application of time
varying the mass of a vehicle, i.e., the exhausting of
onboard mass at high velocities. What seems to be
lost in this rational is that as the propellant becomes
smaller with higher and higher exhaust velocities, as
in the case of a laser or photon drive, the mass
approaches a more quantum state. The logical next
step would then be to connect propulsion to the
guantum vacuum through acceleratory forces, i.e.,
gravity.

Long ago internationally renowned physicists
hypothesized that gravity is an induced effect
associated with zero point fluctuations (ZPF) of the
quantum vacuum.**  zeldovich first suggested
that gravitational interactions could lead to a small
disturbance in the non-zero quantum fluctuations of
the vacuum and thus give rise to a finite value of
Einstein’s cosmological constant.™ Sakharov later
derived a value for Newton's gravitational constant
G using frequency w as the only free parameter.[*”

G =c’/hyvdw (1)

where c is the speed of light and h is the Plank
constant. The integral is carried out over all
frequencies using the Plank frequency on observable
electromagnetic phenomena (w, ~ 10% cm) as a

cutoff value.

Using this hypothesis as a basis, Puthoff has
further extended Sekharov's condition in a
relativistically consistent manner.™® As a result of
this work, it is possible to envision the attractive
force of gravity in terms of the radiative
interaction between oscillating charges. That is, the
zero point field applied to subatomic particles.
From this standpoint, it is plausible that MHz
frequency irradiation of superconductors rich in
Josephson junction sites, as occurred in Podkletnov’s
experiments, could lead to a gravity modification
effect through quantum ZPF interaction.

Scientific evidence continues to mount in favor
of afrequency dependent interpretation of gravity as
an induced effect associated with the zero point
fluctuations of the vacuum. Accelerating theoretical
progress combined with the anomalous gravity
modification effects observed in experiments with

3

irradiated Type Il superconductors leads one to
strongly suspect a deep physical connection.

THE PODKLETNOV EXPERIMENTS

Podkletnov’s gravity modification experiments
were conducted in the early 1990's. Nevertheless,
skepticism persists, especially since the experiments
have not been adequately documented and repeated.
Podkletnov reports the use of farly large
superconductor disks, 10 and 12 inches in diameter
and approximately % inches thick, which were
magnetically levitated and magnetically rotated in
the presence of an rf electromagnetic field. Samples
placed over the rotating disk initially demonstrated a

weight loss of 0.2- 0.5%. When the rotation speed
was dowly reduced, the shielding effect became
considerably higher and reached a maximum

reduction of 1.9- 2.1%.

Of what is known of the YBCO superconductor
disk used in these experiments, it seems certain that
a large number of superconductor-oxide Josephson
junctions exist within the disk. These types of
Josephson junctions, when conversed by an ac
current, emit electromagnetic waves in the rf
frequency range, and when radiated at rf frequencies,
generate an ac current. In a general sense,
Josephson junctions are very small capacitors with
the electrodes composed of superconductor material
and the dielectric composed of an oxide layer.[*?
The junction is modeled as shown in figure 1, where
the superconductors (SC) are small sintered grains
(noting that one or both of the grains could be a
normal conductor), rf isthe rf energy applied, JJ is

the Josephson junction site, and i is the induced or
applied current.

Figure 1. SC Josephson Junction Model.

A superconductor with a structure of sintered
grains would have many flux pinning sites around
which Josephson junction sites exist. Flux pinning is
a well-known phenomenon associated with type-ll
superconductors (like YBCO) where magnetic flux
penetrates the superconductor and is held in place by
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self-generated super-currents. Flux pinning results
from any spatial inhomogeneity of the material, such
as impurities, grain boundaries, voids, etc. where the
magnetic flux can becometrapped. To be  most
effective, these inhomogeneities must be on the scale
of the order of the penetration depth or the coherence
length, i.e. ~10.6 to 10.5 cm, rather than on the
atomic scale where inhomogeneity causes electronic
scattering which limits the mean free path.!*

The Josephson junction sites at the grain
boundaries would generally not produce flux pinning
due to the resistive nature of the boundary. The
exceptions might be under very high static magnetic
field conditions. Radiation of the sites with rf energy
would allow current flows, but could cause the flux
to vibrate and jump from one site to another
depending on the frequency.

Experiments conducted on both sintered and
melt textured Y BCO superconductors for the purpose
of magnetic flux compression have shown that the
rapidly moving flux with a millisecond rise time to
approximately 1  kilogauss penetrates  the
superconductor with little (<35 gauss) compression
of the field.Y This would indicate that a magnetic
field could easily move through the body of a
sintered superconductor to produce currents within
the grain structure. Contradictory to this, it has also
been shown during tests to repeat the Podkletnov
experiment that an AC magnetic field will levitate a
sintered (12 inch) disk.™

Podkletnov’'s experiment used both AC
magnetic fields and rf energy. It would therefore
seem that Podkletnov has produced a device to
enhance the production of rf energy and rf energy to
enhance the production of superconductor currents.
These reinforcing phenomena should lead to high
electron densities in the superconductor disk, focused
at the Josephson junction sites and generated at the
junction frequency.

It is then suggested here that the quantum
fluctuations of the electrons across the multitude of
Josephson junctions in properly prepared Type I,
superconductors may produce a measurable force on
the vacuum that could counteract the effect of
gravity.

OTHER RELATED EXPERIMENTS

The capacitive like nature of the Josephson
junction would make one wonder if other
experiments have been conducted using capacitors to
affect the vacuum. Research of the literature
indicates that experiments using capacitors as a
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coupling mechanism to the quantum vacuum is not a
new idea. In 1904, Trouton and Noble (T-N)
reported that a mechanical force could be detected
from a charged capacitor, which was free to
rotate?®. And in 1929, Townsend Brown reported
tranglational motion using the now famous Biefield-
Brown (B-B) effect, which utilizes capacitors with
extremely high electrical potentials (>70 kV)*. To
the author’ s knowledge,

Y
Conducted by the first two authors.
“* Thiswork is being conducted under aNASA SBIR Phasell.

no one has report a successful duplication of the B-B
experiment.* However in 1998, Cornille, Naudin,
and Szames reported a successful duplication of the
T-N experiment also using voltages near 70 kV 1?2

Trying to connect these two experiments to
Podkletnov’s experiment is somewhat deceptive as
only statically charged capacitors with no magnetic
fields were used. One could speculate that the
leakage current across the dielectric medium could
occur at some (low) frequency associate with the
atomic electron energy states. Also, stray magnetic
fields could have been present; at the least, the
magnetic field of the earth was. From a more
physical sense, the time varying magnetic fields in
the Podkletnov experiment would have created time
varying high electrical potentials in the
superconductor.

In more recent times, Graham and Lahoz (in
1980) reported the use of a coaxial capacitor to
produce rotational motion from the vacuum by
setting up a non-vanishing Poynting vector, as
Maxwell and Poynting foresaw and predicted by
Heaviside's  time variaion of Maxwel's
equations.™ Further, Woodward has recently done
some very interesting work with capacitors, both
theoretically and experimentally to validate the
notion of a transient mass effect.!””’ These two
experiments do have similarity to the Josephson
junction and a further clarification follows.

Heaviside Force

Oliver Heaviside in 1886 obtained an express
from the divergence of the Maxwell stress tensor,
which is a vector with units of force density (N/m®),
and therefore implies momentum transfer. Corum
names this the Heaviside force f, and gives it in

vector form as

" Referred to as the Heaviside Force by Corum(™.
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fu = . )

where D is the electric displacement and B is the
magnetic induction™.

Corum goes on to present a space-drive that was
first presented in an essay by Joseph Slepian in 1949.
In the essay, Slepian models the space-drive by
employing an rf source to drive two solenoids and a
parallel-plate capacitor electrically wired in series.
The rf energy was directed between the plates and
perpendicular to the electric field of the plates. In
this arrangement, the current passing through the
coils must also cross the capacitor. Thisis shown in
figure 2.

In the Slepian model, one may say that the
current can only cross the capacitor in the presence
of an rf field. Thisis the case for a superconductor
Josephson junction. In fact, Slepian space-drive
model is a crude approximation of a Josephson
junction and is only a short stretch to the junction
model of figure 1.

/_I_I_I
\

Figure 2. Sepian Space Drive Model.
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Transient Mass Shifts

Woodward has come up with an equation for a
transient mass shift (TMS) derived from Mach’'s
Principle (Woodward, 1991). Woodward presented
the transient mass shift fim, in general terms as:

bwP,
—02 , 3)
2pGr,c
where fim, is the transient mass; b is the ratio

f /¢ (f isthe gravitational potential due to all the
matter of the universe) and is approximately 1 and
unitless; w is the frequency of the driving voltage
into the capacitors in radians per second; P, is the
power applied to the capacitors in Watts, G is the
gravitational constant = 6.673 x 10-11 N m2/kgz;
r, is the density of the capacitors; and c is the
velocity of light =2.9979 x 108 nm/s.

A connection between Woodward's transient
mass and Podkletnov’'s gravity modification

im, =

5

experiment was presented in a previous paper.*¥ In
the paper, a modd of the Josephson junction,
transient mass relationship was given similar to
figure 3.

As with figure 1, figure 3 presents a two-grain
Josephson junction where one grain is a norma
conductor NC and the other is superconductive SC.
The current has been represented as a function f (i)
due to the uncertainty of this mechanism (i.e, time
varying fields and rotation). The prospective is that
electron charges e formed in the normal conductor.
The application of the rf energy at the appropriate
frequency alows the flow of electron to cross the
junction as pairs 2e. Noting the reverse effect is also
possible.

SC

/

rf
Y
iR

NC

Figure 3. Josephson Junction TMS Model.

As cited in the previous paper, Woodward's
TMS formula has commonality with Modanese's
anomalous  coupling theory (ACT)®¥  and
Woodward's capacitor experiment has commonality
with the layered superconductor disk of Podklethov’s
second experiment where the top part was a
superconductor and the bottom portion a normal
conductor. The TMS formula derives a mass
fluctuation from a time-varying energy density. The
ACT suggests that the essential ingredient for the
gravity phenomenon is the presence of strong
variations or fluctuations of the Cooper pair density
(a time- varying energy density). Woodward's
experiment used a small array of capacitors whose
energy density was varied by an applied 11 kHz
signal. When these are vibrated up and down at the
correct frequency so that they are going up when
their mass is minimum and going down when their
mass is maximum, then a small, constant, mass-
force change is  possible Podkletnov’s
superconductor disk contained many Josephson
junctions, which were radiated with a 3-4 MHz
signal. At the layered interface, the Cooper pairs are
moving upward, while the electron pair separations
are moving downward.

These commonalties allow for ease in rewriting
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superconductor mass shift fm as
bf.P,
- i 4
Gr ¢’ )
where f; is the resonance frequency (in Hz) of the

im,

superconductor Josephson junctions, P; the effective
combined power (in watts) of all the junctions, and

r . isthe density of the superconductor. Equation 4
then represents the mass change of the
superconductor.

EXPERIMENTAL APPROACH

Repeating the original Podkletnov experiment
has been a magjor undertaking within the Marshall
Space Flight Center for several years. Confusion
over the origina experimental design and the ability
to produce the large superconductors have been the
major problems.  Given these problems a much
simpler experimental approach was devised to
investigate the possible gravity connection. This
approach has not been without problems.

The approach involved the replacement of the
large (-1 kg) lead masses in a commercialy
available computerized torsion or Cavendish balance
with a system that magnetically modulates an YBCO
superconductor. A sketch of the proposed experiment
isgivenin figure 4.

7 rf Power 4
D Permanent Magnet (N, S) \ \ \ \
Superconductor (SC) v
|:| Iron Frame S sC N

U

L rf Power d

Figure 4. Sketch of the Cavendish balance experiment.

The measurement of the gravitation constant G
(6.67 ~ 10™ Nsm%kg?) using a Cavendish balance is
a simple experiment, which is routinely performed
by beginning physics students. Using Newton's
universal law of gravitation, it is possible to express
the angular displacement f of the beam in terms of

directly measurable quantities

6

2GMml
= )
where M isthetest mass, m isthe mass attached to
each end of the beam, | is the separation length of
the beam mounted masses, R is the distance from
the center of each test mass to the center of each
beam mounted mass, and k is the torsion constant
of the fiber supporting the beam (not shown).

f

Corrections

The use of the Cavendish balance as supplied
with the large lead masses requires severa
corrections. Such as a correction for the
gravitational torque on the beam and the cross torque
between the opposite masses. These corrections are
easily approximated and are applied to the smaller
masses. Other corrections such as the variations in
R can be averaged out over many data points.

In this experiment, the spherical large lead
masses are being replaced by a much larger mass
that is more like a rectangular box. Such a shape
makes the calculation of these corrections much
more complicated without extensive testing. The
simple solution is to look at the things that are
measurable versus those that are not and see how
these change from one condition to the other.
Equation 5 is then rewritten as,

aMo_aek o
K R == SoGm 5 ©)

where k. isthe correction to m the small mass.
Equation 6 can then be used in the formulation
of a percent mass change M % even though the left
side of the equation is unknown. For example, a
percent mass change M % between a non-modulated
superconductor mass M, and a modulated
superconductor massM,, is just the ratio of the
angular displacements f, and f, , given by
M % = & = f_z
1 f 1
where the angular displacements are measurable.

(")

Sensitivity

Equation 6 also is true for two different tests
using two different mass weights. The change in the
measured angular displacement of the torsion fiber
will then be directly proportional to the change in
the test mass. For example, the change in angular
displacement df associated with an effective change

in the test masses dM is given by
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izKCG (8)
dM
The sensitivity of the device is therefore

dependent on the magnitude of

K = aK, o2ml

o2 &
K. =§ei2 iy (10
RE@Ip” g
which is independent of the smaller mass and any
correction to it as long as the period T s
measurable.
Based on the published characteristics of the as
delivered Cavendish balance a numerical estimate
for the sensitivity was determined to be

% =0.3 microradians/ gram (11)

for T=120sec, | =30 cm, and R=4.6 cm.

The commercially available Cavendish balance
was chosen because it contained a computerized
electronic detector known as a symmetric differential
capacitive (SDC) control unit” to electronically
measure the position of the beam as it rotates. The
SDC is easily capable of measuring a displacement
angle of 1 micro-radian. Therefore for a 0.5%
weight change of a 300-gram superconductor, a
displacement angle of 1.5 micro-radians would be
detectable.

Testing has shown that the calculated
displacement angle varies not with M but with
M/R?. Thisis due to the uneven mass density of

the superconductor containment system or modul ator
that will be described later. That is, as the mass of
the superconductor (or test mass) changes, the
average density displacement of the modulator also
changes, which in turn shifts the position of the
modulators center of mass.  This makes the
determination of the percent mass change or
equation 7 more difficult to determine. However,
since we are only concerned at this point with seeing
a change in the relationship between tests, the
sensitivity to 1/R? in equation 9 is a plus. In the
general sense, the sensitivity as given in equation 11
is enhanced by the square of the difference in the
shifted R values as a result of the test mass weight
change.

Test Apparatus

" The SDC isan invention of Dr. Randall Peters;
Research Consultant.

In order to operate the balance in the hand-off
operation inside a liquid nitrogen cyro-tank, the
balance was fitted into a structure and the motion of
the large masses was automated using a National
Instruments, nuDrive (model 4SX-411) stepper
motor controller and a National Instrument’s rack

(PX1-101ByCIRiEsG) hAbthrdersipReesiaPk kg1 5aEdp /T)” where

using Labview 5.1 software written specifically for
this operation. The modified balance is shown in
figure 5.

The large masses were replaced by a system,
referred to as the modulator, which was required to
modulate the superconductor sample with
electromagnetic (EM) or rf energy. The modulator
was composed of a superconductor, permanent
magnets, an iron frame, a kHz coil, and an MHz
antenna. Electrodes were placed adjacent to the
superconductor to detect the hall current induced in
the superconductor. A magnetic shield (1006 steel)
was added due to an attraction problem with the

balance’ s aluminum beam. A picture of the modified
bal ance with the modulators is shown in figure 6 and
a sketch of the modulator is shown in figure 7.

Figure 5. Automated Cavendish Balance.

Figure 6. Modulator & Balance.
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Figure 7. Sketch of Modulator.

The iron frame forms a magnetic circuit that
directs the field through the superconductor and
paralel to the balance' s beam. The placement of the
coil around the iron frame induces a time varying
kHz field in the static field. The MHz antenna is
placed near the coils also inducing a time varying
field in the static field. The effect of these time
varying fields were measured perpendicular to the
static field.

The purpose of the static magnetic field
produced by the permanent magnets was to induce
currents in the superconductor about pinned flux
sights and possibly the wesker holes about the
grains, which would be much higher than that seen
by the AC levitated superconductor in the
Podkletnov experiment. The kHz modulation field
would then act to break the pinning sites freeing the
pinning currents to move according to the motion of
the magnetic field in the superconductor material. In
theory, the radiated MHz field reduces the resistance
of the Josephson junction between the grain
boundaries and to alow resistiveless passage of the
currents throughout the superconductor.

The configuration of the superconductor then
determines the mode of operation. That is, if the
superconductor is composed entirely of sintered
grains, the Heaviside force at the Josephson junction
sights will dominate any gravity effect. On the other
hand, if a non-superconducting, conductive layer is
placed on the outward side of the sintered
superconductor away from the balance; the electron
motion across the boundary will produce a mass
transit effect.

Instabilities

Several months were spent after the initial
completion of the automated balance in determining

8

and €iminating instabilities caused by the
automation mechanism. The major mechanical
problem was caused by the support apparatus, which
would bend downward (ah gravity) as the modulator
moved through the zero position. This allowed the
spur gear to hit the support structure. Repositioning
of the gear only made it hit other structures. The
problem was fixed by grinding the top and bottom of
the spur gear at an angle.

Placement of the drive motor also presented a
problem. Due to the lack of support perpendicular to
the balance beam, lead to the introduction of
vibration. Placement of the motor such that the shaft
rotation was in the plane of the modulator’s motion
and adding support structures provided a major
reduction in the induced vibrations.

The deduction of these problems and the
resulting fix thereof was hindered by the enclosure of
the spur gear and the fact that some of the vibrations
could only be detected by the analysis of the data. A
data run was typically done overnight to allow the
balance to stahilize. Three to five data cycles were
typicaly required before stabilization occurred. One
data cycle of about 35 minutes was required to get
one dynamic angle measurement.

The only problem to arise during cooling in
liquid nitrogen was with the electrical connections.
Cooling below 170C caused intermittent signal
disturbances. This was fixed by insulating the
connections exposed to the liquid nitrogen
temperatures.

TESTSRESULTS

Only one type of superconductor sample has
been tested. It was composed of two layers; one of
YBCO and one of PrPBCO (Pr — Praseodymium).
The substitution of Pr for Y was done to cause the
layer to be a conductor with similar crystal structure
to the YBCO. This sample was fabricated by the
same manufacture producing the samples for the
repeat of the Pokletnov experiment under a NASA
SBIR phase Il. Tests were conducted at room
temperature and at liquid nitrogen (-196 C)
temperature.

The YBCO superconductor only required < -180
C to become superconductive. The type K
thermocouples used in the experiments flat lined
between —186 C and —188 C in liquid nitrogen.
Therefore to insure that the superconductor was in a
superconductive state, tests were not conducted until
atemperature < -186 C was optioned. The following
graphs (figure 8 — 12) represent a data set using the
same torsion wire. The numbers across the bottom (x
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— axis) of each chart refers to the number of cycles
from which each dynamic angle was calculated. The
sequence is in order of time from start to finish of a
data run. Each dynamic angle (or cycle) depended on
the period of the torsion beam, but typically was
between 30 and 40 minutes. The voltage value on the
left (y -axis) of each chart refers to the calculated
dynamic angle. The values have been left in its
voltage value because the conversion factor for the
control unit was stable between tests.

The results of the superconductor tests are base
lined against a copper (Cu) sample.

No-Modulation

The results of the room temperature and the
liquid nitrogen (i.e., superconductive) tests for the
non-modulated or static magnetic field cases are
shown in figure 8 and figure 9, respectfully.

As seen in the room temperature tests of figure
8, the calculated dynamic angles between the varying
weighted masses increased with decrease mass
weight due to the non-uniform density of the
modulator (i.e, 1/R%. Additional tests were
conducted using other weights composed of
fiberglass epoxy, auminum, and lead, which showed
the same result.

0.018

0.016 -

Cu-637g

0.014 - 7401

0.012 -

volts

Room Temperature

0.018

0.016 4 W

0.014

PR123 - 3059
6-29-01

0.012 4

volts

0.010

0.008 Room Temperture

0.006

1 3 5 7 9 11 13 15 17 19 21 23 25 27

Figure 8: Dynamic Angle of copper sample (Cu) and
superconductor sample (PR123) at room temperatures.
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In the liquid nitrogen tests of figure 9, the tests
were started when the superconductor was at
superconductive temperatures and allow to warm-up
over night. As shown, at the non-superconductive
temperature of — 175 C there is a noticeable change
in the values of the dynamic angles. (Approximately
0.06 v for the superconductor sample and 0.05 for
the copper sample.) Earlier tests down to —170 C
with the original lead masses in the balance, also
show good results in the caculation of the
gravitational constant, which changed by less than
2% from the room temperature value.

Instabilities noted at the beginning of the liquid
nitrogen test of the superconductor sample warranted
a repeat at the lower temperature. This was
conducted immediately following the first test as not
to disturb the balance. Figure 10 shows the data
from the repeated run.

Figures 9 and 10 then show that the
superconductor and the copper samples produced
similar results at the lower temperatures.

EM Modulation

EM modulation tests were conducted at room
temperatures and at liquid nitrogen temperatures for
only the superconductor. These tests are shown in

0.07

PR123 - 3059
6-30-01

0.06 §

volts
o
o
R

186C - 175C

0.07

0.06 -
Cu - 6379

0.05 1 7-5-01

186C - 175C

Figure 9: Dynamic Angle of copper sample (Cu) and
superconductor  sample  (PR123) from  superconductive
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temperatures to non-superconductive temperature.
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Figure 10: Dynamic Angle of the superconductor sample (PR123)
at superconductive temperatures.

figure 11 and figure 12. The room temperature tests
of figure 11 shows the effect of the MHz and kHz
frequencies separately. In the liquid nitrogen test
shown in figure 12, both the MHz and KHz
frequencies are used together.

In both cases, the calculated dynamic angle
increased over time. In the liquid nitrogen tests, the
first two data points are with no EM modulation.
This was done to detect a change before the boil off
of the liquid nitrogen due to the rf heating of theiron
frame, which was partially submerged in the liquid
nitrogen. Rapid boil off reduced the superconductive
run time from approximately six hours with no EM
modulation down to two hours with EM modulation.
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Figure 11: Dynamic Angle of the superconductor sample (PR123)
at room temperatures with EM energy applied.
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Figure 12: Dynamic Angle of the superconductor sample (PR123)
at superconductive temperatures with EM energy applied.

CONCLUSIONSAND RECOMMENDATIONS

To summarize, we note that these exploratory
experiments have been carried out in an attempt to
guantify the effects of EM energy on a
superconductor. The general conclusion is that the
results of these tests gave a null result. That is, no
conclusion at this time can be made to the EM
effects on the superconductor. This conclusion is
reached based on the increasing dynamic angle over
time in both the room temperature and liquid
nitrogen temperature tests.

Further, it is concluded that the balance is
sensitive to mass changes at room temperature and
down to approximately -175 C but not when the
temperature is < -186. This conclusion was reached
based on the similarities in the data for both the
copper and superconductor samples in figure 9.
However because no time varying temperature data
was taken on these tests, further testing is required to
pin point the actual shift point between —175 C and —
186 C.

If a temperature at which the superconductor
becomes superconductive and within the sensitivity
of the balance is determined, it is recommended that
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non-EM modulated tests on the masses reported here
and on a non-layered superconductor be conducted.
Regardless of the results, a redesign of the balance is
recommended to eliminate the EM modulation
effects on the balance control unit and to reduce the
heating effect of the modulator.
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ABSTRACT

Current antiproton production techniques rely on high-
energy collisions between beam particles and target
nuclei to produce particle and antiparticle pairs, but
inherently low production and capture efficiencies ren-
der these techniques impractical for the cost-effective
production of antimatter for space propulsion and other
commercial applications. Based on Dirac's theory of
the vacuum field, a new antimatter production concept
is proposed in which particle-antiparticle pairs are cre-
ated at the boundary of a steep potential step formed by
the suppression of the local vacuum fields. Current an-
timatter production techniques are reviewed, followed
by a description of Dirac's relativistic quantum theory
of the vacuum state and corresponding solutions for
particle tunneling and reflection from a potential bar-
rierr The use of the Casimir effect to suppress local
vacuum fields is presented as a possibie technique for
generating the sharp potential gradients required for
particle-antiparticle pair creation.

INTRODUCTION

Present chemical engines and electric propulsion
thrusters are well suited for near-Earth applications and
robotic space flight, but advanced propulsion
technologies must be developed to enable fast piloted
and robotic deep space missions. Of all the known
energy sources, none provides more specific energy
than the annihilation of matter and antimatter. The
energy released per kilogram of combined matter and
antimatter is nearly 250 times the specific energy
released in nuclear fusion, and over 8 orders of
magnitude greater than the specific energy released in
chemical combustion.' The possibility of producing
photon rockets using gamma rays from electron-
positron annihilation was investigated over half a
century ago,” but the efficiency of the engines were

" Senior Research Associate; Member, ATIAA
This material is declared a work of the U.S. Government and
is not subject to copyright protection in the United States.
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curtailed by an inability to collimate the energetic
photons. With the experimental discovery of the anti-
proton in 1955, attention turned to the use of proton-
antiproton annihilation as an energy source for
spacecraft propulsion. The higher rest mass energy of
the proton-antiproton pair yields 1877 MeV per
annihilation event, compared with 1.02 MeV released
by electron-positron annihilation. Equally important, a
significant fraction of the proton-antiproton annihilation
energy appears in the kinetic energy of charged
particles,”” which may be collimated for direct thrust or
used to heat an expellant more effectively than electron-
positron gamma radiation. Several antiproton-powered
rocket designs have been proposed over the past few
decades, ranging from low thrust, high specific impulse
pion engines to higher thrust, lower specific impulse
solid and gas core thermal rockets.**° Recent modeling
efforts have simulated the performance of magnetically
confined hydrogen plasma engines heated by charged
proton-antiproton annihilation byproducts*** and have
investigated antiproton-boosted fission reactions as a
driver for an inertial confinement fusion rocket.>?

Although a number of potential antiproton propuision
concepts have been analyzed, their transition from theo-
retical design to experimental validation and practical
use has been constrained by the prohibitive cost of cre-
ating and storing the antiprotons. The following section
discusses current antiproton production methods, and
outlines near-term prospects for efficient antiproton
production and storage.

Current Antiproton Production Methods

The two leading facilities for antiproton production and
storage are the European Laboratory for Particle Phys-
ics (formerly CERN, the Center for European Nuclear
Research) in Geneva, and the Fermi National Accelera-
tor Laboratory (FNAL) in the United States. At the
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CERN facility, protons are accelerated by a linear ac-
celerator to 50 MeV (8x10™'? J), injected into a booster
ring and accelerated to 800 MeV, and then sent to a
proton synchrotron, where they are further accelerated
to 26 GeV. The high-energy protons are then focused
into a 2-mm beam and directed into a 3-mm diameter,
11-cm long copper wire target. The relativistic protons
collide with the target nuclei, producing a spray of
gammas, pions, kaons, and baryons, including antipro-
tons. On leaving the target, the antiprotons have a peak
momentum of 3.5 GeV/c, corresponding to a peak en-~
ergy of roughly 3 GeV. A short focal length, pulsed
magnetic horn is used to capture antiprotons that have
momenta within 1.5% of their peak value, at angles up
to 50 mrad from the target centerline. The captured
antiprotons are sent to a storage ring in bursts of about
107 antiprotons every few seconds, and around 10"
antiprotons can be accumulated before space charge
effects scatter the circulating beam. The antiprotons are
sent back to the proton synchrotron, which decelerates
them to an energy of 200 MeV, and then to the low
energy amtiproton ring, where the circulating beam is
further decelerated, stochastically cooled, and stored.
Similar techniques are used to create antiprotons at
FNAL.

During the high-energy collisions, :?proximately one
antiproton is created for every 10°-10° high-energy pro-
tons incident on the target. The energy efficiency, de-
fined as the energy released in a proton-antiproton an-
nihilation event (1.88 GeV at rest) divided by the en-
ergy required to create an antiproton, is abysmally low.
On average, CERN creates 1 antiproton for every
2.5x10° protons; at an average energy of 26 GeV per
proton, the corresponding energy efficiency is ap-
proximately 3x10%. FNAL, which uses a 120 GeV
proton beam to strike the target, creates 1 antiproton for
every 3.3x10° protons, corresponding to an energy effi-
ciency of around 4x10”. Assuming a “wall-plug” effi-
ciency for each accelerator of around 5%, the total anti-
proton production efficiencies are roughly 1.5x10”° for
CERN and 2x10® for FNAL. The total annihilation
energy contained in l-mg of antiprotons (roughly
6x10% antiprotons) is 1.8x10'" J; an efficiency of
1.5x10®° means that it would take nearly 1.2x10% J
(3.3x10"® kW-hr) to create 1 mg of antiprotons. As-
suming a conservative energy cost of $0.05/kW-hr, the
estimated production cost is a staggering $1.6x10'" per
milligram of antiprotons. Most antimatter propulsion
concepts require milligrams to grams of antiprotons,
indicating that current antiproton production techniques
are inadequate for future spacecraft propulsion applica-
tions. However, as discussed by Forward' and Schmidt
et al.,” peither CERN nor FNAL were designed as
dedicated antiproton production facilities. As such, a
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number of upgrades to the current facilities could be
made to improve antiproton production and storage
capabilities. Magnetic fields produced by electric cur-
rents flowing through the metal wire targets could be
used to keep the spray of antiprotons closer to the target
axis, reducing their angular spread. Multiple targets
could be employed, with magnetic lenses used to refo-
cus the antiprotons between each section. Angular cap-
ture efficiencies could be improved by going to higher
beam energies, creating a forward-peaked distribution
that allows more antiprotons to be captured. Material
lenses could be replaced with current-carrying plasma
lenses, which are less likely to absorb the antiprotons
and would not need active cooling. Using linear rather
than synchrotron accelerators to produce the initial
high-energy proton beams could increase the accelera-
tor energy efficiency by an order of magnitude over the
current 5%wall plug efficiencies.

Taken together, the potential facility improvements
could result in the yearly production and storage of mi-
crogram quantities of antiprotons at a potential cost”’ of
around $6.4x10%pg ($6.4x10°/mg). While these pro-
duction numbers and costs are approaching those re-
quired for ground testing antimatter propulsion con-
cepts, they are not adequate for antimatter-based pro-
pulsion systems. Forward"*° calculates that antiproton
propulsion becomes cost competitive with chemical
propellant systems at an antiproton production cost of
approximately $10’/mg, and antiproton propulsion be-
comes the most cost effective propulsion source avail-
able if the production costs can be lowered to
$2x10%mg. Because the near term facility modifica-
tions outlined above are unlikely to produce the neces-
sary reduction in antiproton production costs, a number
of alternative antiproton production techniques have
been suggested. Chapline® has proposed colliding
heavy ion beams, made up of singly charged uranium
atoms, to produce up to 10'® antiprotons/sec. Unfortu-
nately, the antiprotons will be emitted isotropically and
will be very difficult to collect. Equally problematic,
the colliding heavy ion beams will produce a significant
amount of nuclear debris and radiation, which would
have to be safely and efficiently removed from the
spray of antiprotons. Cassenti® has suggested that the
pions generated during the collision of high-energy
protons with heavy target nuclei could be redirected
toward the target to increase the number of antiprotons
and improve the efficiency of current antiproton pro-
duction techniques. Although promising, the collection
and redirection of the pions and antiprotons remains a
major challenge to this concept.

Hora® proposed the use of a high intensity laser that
could generate sufficiently strong electric fields to pro-
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duce proton-antiproton pairs from the vacuum, and
Crowe®' separately proposed the use of high intensity
lasers to produce electron-positron pairs. At present,
however, there are no known lasers that can produce the
high intensity electric fields needed for pair production.
Forward"* and Haloulakos and Ayotte®* have investi-
gated the possibility of building and operating an anti-
proton factory in space, where the proton accelerator
could be powered by solar energy. However, the esti-
mated cost to produce and store the antiprotons is still
nearly $10°/mg, which is a factor of 10° too high for
cost-effective space propulsion applications.*

Rather than rely on high-energy proton beam collisions
with a stationary target, this paper outlines a new con-
cept that may lead to the more efficient production of
antimatter in quantities sufficient for propulsion and
other commercial applications. The proposed technique
is based upon particle-antiparticle pair production at the
steep potential boundary created by the suppression of
local vacuum field energies. The premise is based on
Dirac's relativistic theory of the vacuum state, which is
outlined in the following section. The theory underly-
ing particle-antiparticle pair creation at a potential
boundary is discussed, followed by an explanation of
the technique proposed to create the required potential
step. The paper concludes with an overview of an ex-
perimental approach designed to demonstrate the feasi-
bility of this new antimatter production concept.

DIRAC'S THEORY OF THE VACUUM STATE

Dirac was the first to develop a relativistic wave equa-
tion that correctly describes the interaction of spin-1/2
particles, such as electrons and protons.” Dirac's equa-
tion contains both positive and negative energy solu-
tions, the latter identified with the continuum energy of
the vacuum state (Fig. 1). As defined by Dirac, the vac-
uum state is characterized by the absence of all real
electrons in positive energy states, but has electrons
filling all negative energy states (the "Dirac sea"). Be-
cause of the Pauli exclusion principle, real electrons
cannot transition into negative energy states since all
such states are already occupied; however, an electron
in a negative energy state can absorb radiation and tran-
sition to a positive energy state, leaving behind a "hole"
in the negative energy continuum. The hole behaves
like a positive electron and represents the antiparticle of
the electron. The creation of an electron and an anti-
electron (positron) is identified as pair creation and
requires a minimum energy of 2m.c’. Pair annihilation
occurs when an electron drops back into the (unoccu-
pied) hole, with the resulting transition energy emitted
as radiation.
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Figure 1. Energy Levels of the Dirac Equation

More generally, in Dirac’s theory the vacuum repre-
sents a continuum of negative energy states occupied by
negative energy particles. Pair creation is the process in
which sufficient energy is given to a particle in the
negative energy state to raise it to a positive energy
state (creating a real particle and leaving behind a hole,
or antiparticle); annihilation occurs when the particle
falls back into the hole, with the energy carried away as
radiation. The vacuum itself should have zero energy,
zero mass, and no charge, which is clearly not satisfied
by the simple form of the theory. Instead, there are
infinitely many negative energy states, which together
have an infinitely large negative energy, and, in the
case of electrons populating the negative energy con-
tinuum, an infinitely large negative charge. These dif-
ficulties are removed by renormalizing the zero point of
charge and energy in such a way that the vacuum has
no mass, energy, or charge. This renormalization proc-
ess is not pleasing from an aesthetic viewpoint, but it
does satisfy the constraint that only departures from the
vacuum state are observable and hence relevant.

TUNNELING AND POTENTIAL BARRIERS

Related to Dirac's theory of the vacuum is the quantum
mechanical process of particle tunneling in the presence
of a steep potential step. An overview of this process is
provided by Greiner,* the salient features of which are
given here.

Consider a spin-1/2 particle (for example, an electron or
proton) with energy, E, and momentum, p, traveling
along the z-axis (Figure 2). The particle encounters a
step potential of magnitude V), that rises to full value in
a distance equal to the Compton wavelength of the par-
ticle, A.: 4 h

myc (1)

where # is Planck’s constant (6.626x107>* J=s), m, is the
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particle rest mass, and ¢ is the speed of light.

Z

Figure 2. Particle incident on a potential step.

The Dirac equation describing the propagation of the
particle in Region I is:

.0 he(, 6 . 6 . @ 3
R /e

where ¥y is the particle wave function, 4 is the reduced
Planck constant (h/2x), Hy is the Hamiltonian, andg, g

are the standard Dirac matrices. Noting that the mo-
mentum operator 7 is given by:

ﬁ:h_c(a"l._a_.*.&z_ﬁ_..,_a"si):EV 3)

the Dirac equation can be written in the more compact
form:

w L b by =ty @

The Hamiltonian for Region I (zero potential) is the
total particle energy, E, while in Region II the Hamilto-
nian becomes (E-V;). The Dirac equation for a particle
wave traveling along the +z direction in Region I is
then:

[c(&s P+ ﬁmocz}w =(E-Vow )

In Region II, the Dirac equation for the traveling parti-
cle wave becomes:

[, - 5.)+ fmec?y = Ew ©)

The solution for the particle wave function in Region I
is:
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1
0 pz
w, =4 _ pc exp[—,;— ™
E +myc?
0

where A4 is a constant and the particle momentum, p;c,

is given by:
plc=\/E2 -mc* ®

At the potential boundary, part of the particle wave will
be reflected and part will be transmitted. The reflected
wave solution in Region I is:

1

0 o
y; =B _-pc exp[—ﬂ} )
E+my? A
0

and the transmitted solution in Region II is:

1

0 ,
- pye exp[”—] (10)

yp=D 7
V,—E-m,c?

where again B and D are constants. The particle mo-
mentum in Region II is given by:

pzc=\’(E—Vo)2-—m§c4 an

The incident and reflected wave functions must equal
the transmitted wave function at the step boundary
(z=0):

Vizo t W;|z=0 = '//11|z=o 12
from which the following conditions are obtained for
the coefficients A, B and D:

A+B=D 13)

2
A_B=_DP_2(M2_)
P \Vy—-E—-myc

=D (V0 —-E+mocZXE+mocz)__D 14
TNV CE-m e NE-me?) T
where v is defined as:

: (VO —E+m002XE +mocz) (15)
(-
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Upon rearrangement, Equations 13 and 14 yield:

B_[1=r
A \l+y

Dividing Equation 14 by the coefficient 4 and substitut-
ing Equation 16 for (B/4) yields:

(16)

D

D_2 an
A l1-y
The particle current j is defined to be:
Jj@=cy'(2)ay(2) (18)

where ¥'(z) is the adjoint of y(z). The values of '@
in Region I are:

ta _g* pc _iplz
a, =4 |0, ———— 0.1 |exp| ——
v E+m,c? xp[ )/ :I
ta . . D)C . —ip,z]
a,=A4|0,—-i ——*——0,—i |exp| —— 19
Vit E+m0c2 xp[ h (19)
t A - PIC —iplz}
a, =4 | ———,0,10 |exp| ——
Vi E+myc? xpli A

from which jj, the incident particle current in Region I,
is:
2
AL 2p,c '
E +myc

ir= @0)

Similarly, the reflected (j;) and transmitted (jn) particle

currents are:
" = _BE" 2p,ct
= Eame @b
. =DD" -2p,c (22)
o Vy,—E —myc’

Equations 20-22 can now be used to calculate the re-
flection and transmission coefficients for the particle
wave function impacting the potential boundary. Tak-
ing the ratio of the reflected current to the incident par-
ticle current yields:

. 2pct

.r BB —_— *

il |20 | 144 (4] (1)
E+myc?

The ratio of the transmitted current to the incident cur-
rent is given by:

5

2
‘ DD" 2p,c i )
Yul |~ Vi-E-mec*|_|DD ,
il | _2ee | 447
E+myc?
24
2 WV
2 Ty

For a potential step V, > (E+moc?), the value y>1.
From Equation 23, this indicates that the reflected par-
ticle current exceeds the incident particle current in
Region I (if>[ji). It appears that electrons are entering
Region I from Region II, but there are no electrons ini-
tially present in Region II. This result, known as
Klein’s Paradox, is most often interpreted as particle-
antiparticle pair creation at the potential boundary.

Discussion of Results.

Applying a potential V, > E + moc? raises the energy in
Region II sufficiently for there to be an overlap be-
tween the negative energy continuum (z>0) and the
positive energy continuum (z<0), as shown in Figure 3:

V, > E+myc?
V,-mec?

Figure 3. Energy Continuum of the Dirac Equation at a
Potential Barrier.>* (x) = particle, (0) = antiparticle

When V, > E + mqc?, the particles striking the barrier
from the left are able to knock additional particles out
of the vacuum on the right, leading to an antiparticle
current flowing from the left to the right in Region 11
and a particle current flowing from right to left in Re-
gion I. This pair creation is depicted schematically in
Figure 3, with the additional particles entering Region I
from the right accounting for the increase in return cur-
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rent. As noted by Greiner,* this process is most readily
understood as particle-antiparticle pair creation at the
potential barrier and is related to the decay of the vac-
uum in the presence of supercritical fields. When the
potential function Vj is less than E + mec?, the particle
momentum in Region II is imaginary (Eq. 11) and the
wave solution will be exponentially damped (Eq. 10);
all of the incident current is then reflected back into
Region I, and no particle current is transmitted into
Region II. It is only when V, > E + moc” that the mo-
mentum in Region II becomes real and the particle
wave function in Region II again becomes a traveling
wave.

The above derivations may be summarized as follows:

e The Dirac equation is used to represent the evolu-
tion of spin-1/2 particle wave functions.

e Dirac's equation permits both positive and negative
energy solutions; the negative energy states are
filled with virtual particles, which prevent particle
transitions from positive energy states to negative
energy states via the Pauli exclusion principle.

e Particles will be completely reflected from a poten-
tial barrier (V) when their energy E < Vj; the
transmitted particle wavefunction is exponentially
damped within the potential barrier.

e For potential steps with V, > E + moc?, an incident
particle will induce pair creation at the potential
boundary, resulting in a (real) return particle cur-
rent and a (real) transmitted antiparticle current.

The question now arises as to whether this effect can
actually be applied to the production of antimatter. The
potential step must be greater than E + moc’, where E is
the total particle energy (rest mass plus kinetic), and the
potential must rise to its full value over a distance com-
parable to the Compton wavelength of the particle,
h/(mec). For an electron, the minimum potential step
height is 1.02 MeV (plus the kinetic energy of the elec-
tron), and the Compton wavelength is approximately
2.4x10"? m. For a proton, the minimum potential step
height is- 1876 MeV and the Compton wavelength is
approximately 1.3x10"° m. These supercritical poten-
tials are too large to be generated over such short dis-
tances using laboratory electric fields, but there may be
another option: rather than use externally applied fields
* to raise the vacuum energy in Region II, it may be pos-
sible to use the Casimir effect to lower the vacuum en-
ergy in Region I. This concept, shown schematicaily in
Figure 4, may be able to produce the same pair creation
effects depicted in Figure 3 without requiring the appli-
cation of supercritical external fields. A brief discus-
sion of the Casimir effect is provided below, followed
by an outline of a possible experimental test of the pro-
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posed antimatter productign mechanism.

Figure 4. Lowering the vacuum energy via the Casimir
effect.

VACUUM FIELDS AND THE CASIMIR EFFECT

Dirac's vacuum is a negative energy continuum popu-
lated by particles that prevent positive energy particles
from transitioning into the negative energy states. To
avoid obvious problems associated with infinite vac-
uum charges and energies, the vacuum state is renor-
malized to zero; only deviations from the vacuum state
are measurable. As such, the potential step shown in
Figure 3 represents an applied field measured with re-
spect to the background vacuum; the energy in Region
I has been raised by the applied field such that the
negative energy states now overlap the positive energy
states in Region I. However, raising the background
vacuum in Region II requires a tremendous amount of
energy (Vo>E+moc?) over a very small distance, which
is clearly beyond present capabilities. Rather than rais-
ing the vacuum energy in Region II, it is proposed that
the same effect can be generated by suppressing the
relative vacuum energy in Region I, as shown in Figure
4. This process can be viewed either as lowering the
positive energy states such that they now overlap with
the negative energy states in Region II, or the back-
ground vacuum in Region I can be renormalized to zero
to yield an energy diagram similar to Figure 3. In either
instance, a particle wave traveling from Region I into
Region II will be described by the same solutions out-
lined in the section above, leading to particle-
antiparticle pair creation at the potential boundary.
Unlike Figure 3, pair production is achieved not by
raising the potential but by lowering the relative vac-
uum energy, an effect that might be accomplished
through the use of a Casimir cavity.
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Before discussing the Casimir effect, it should be noted
that Dirac's interpretation of the vacuum as a continuum
of negative energy states occupied by negative energy
particles, though somewhat dated, is not in disagree-
ment with the current quantum electrodynamic (QED)
interpretation of the vacuum as an infinite sea of elec-
tromagnetic radiation populated with virtual particle
pairs. Because exchange interactions occur in Dirac's
theory, virtual electron-positron pairs are continuously
created and annihilated in the vacuum; an electron in a
bound or free state can fill a virtual hole in the Dirac
sea, with a virtual electron taking its place. Renormali-
zation of the vacuum energy and charge is required
both in Dirac's original theory and in QED, and as
noted by Greiner,* the physical content of the Dirac
theory forms the basis of current quantum electrody-
namics. This is mentioned because the Casimir effect is
generally discussed in terms of the QED interpretation
of the vacuum state, and it is necessary to point out that
both the Dirac and QED vacuum interpretations are
complementary.

The Casimir Effect

As in the Dirac theory, the vacuum state in quantum
electrodynamics is interpreted to be the state of lowest
energy. This lowest energy state is not at rest, but fluc-
tuates with a “zero-point” energy.>>> The vacuum fluc-
tuations have measurable effects, including the experi-
mentally observed Lamb-Retherford shift between the s
and p energy levels of the hydrogen atom, and the at-
tractive Casimir force that occurs between closely
spaced uncharged conductors. As discussed by Moste-
panenko et al.*® the Casimir effect can be accounted
for by assuming the force is a consequence of the sepa-
ration-dependent vacuum field energy trapped between
the conductors. For example, assume that two square
conducting plates with side dimensions L, separated by
a distance z, are placed in a vacuum. In the QED inter-
pretation, the vacuum is teeming with electromagnetic
radiation (although mathematically the vacuum state is
renormalized to zero), hence the plates may be consid-
ered to constitute a cavity that supports vacuum fluctua-
tion modes with wave numbers down to about z”. The
vacuum energy trapped between the plates is approxi-
mately given by:

K 1 K 1
U= 2-2-71(0 ~ (Lzz)jhckkldkEZLzhc[de _z-3]
1 z_‘

k==
2

(25)
=U,-U,

where Uy is the upper energy bound, U, is the lower
energy bound, and X represents a high frequency cut-
off to make the total energy finite. The negative rate of
change of the lower cut-off energy U, with separation z
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constitutes a force of attraction, F, per unit area, given
by: A
C

—_—_——_———

(26)

A more careful analysis leads to the exact relationship
for the force per unit area between the parallel conduct-
ing plates:*

F_ z* he

4 240z*
In other words, the vacuum energy density between the
plates is lower than the vacuum energy density outside
the plates by an amount equal to the right hand side of
Equation 27. For reasonable plate sizes and small sepa-
ration distances, the change in the vacuum energy den-
sity can be appreciable. Assuming the plates have
length 1=0.1 m and are separated by a distance of 1-pm
(10 m), the change in the vacuum energy density is
approximately 1.3x10™ J/m®, corresponding to an in-
ward pressure of 1.3x10™ N/m® on the plates. For a
separation distance of 0.1-pum (10”7 m), the change in
the vacuum energy density is equal to 1.3 J/m®, corre-
sponding to an inward pressure of 1.3 N/m?. The calcu-
lations can be carried down to separation distances that
are approximately equal to the cut-off wavelength of
the conducting material, at which point the plates can
no longer be considered good electromagnetic reflec-
tors. :

@7

Equations 26 and 27 demonstrate that the vacuum en-
ergy density between the conducting plates is lower
than the external vacuum energy density. Multiplying
Equation 27 by the plate surface area (Z°) and the sepa-
ration distance between the plates (z) yields an expres-
sion relating the decrease in the vacuum energy be-
tween the plates compared to the external vacuum field

energy: 7% hel’
720 Z2*

vac

28)

For square plate dimensions of L = 0.1 m and a separa-
tion distance of 0.1-um, the change in vacuum energy is
calculated to be 4.3x10® J, or roughly 2.7x10'° eV (27
GeV). The vacuum energy between the plates is thus
substantially lower than the vacuum energy external to
the plates, or conversely, if the vacuum energy between
the plates is renormalized to zero, the vacuum energy
external to the plates is substantially higher than the
vacuum energy between the plates. By adjusting the
plate dimensions and separation distance, it may thus be
possible to significantly suppress the vacuum energy in
a given region and generate a condition similar to that
shown in Figure 4. A particle generated in the sup-
pressed vacuum fields of Region I will see a higher
vacuum field energy outside of the plates, and if the
relative change in the vacuum energy exceeds E+moc?,
it may be possible to generate particle-antiparticle pairs
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at the vacuum energy step. Because the Dirac solutions
hold equally well for electrons or protons, the possibil-
ity exists that low energy proton-antiproton pairs might
be created at the steep potential boundary created by
vacuum field suppression in a Casimir cavity.

Creating a Potential Gradient

The Casimir effect provides an avenue for creating suf-
ficiently large potential steps, but the question arises as
to whether these steps can be generated over a distance
comparable to the Compton wavelength of the particle.
From Equation 1, the Compton wavelength for elec-
trons is 2.42x10"% m, while for protons the Compton
wavelength is 1.32x10™"° m. Either distance is several
orders of magnitude smaller than any realistic plate
thickness separating the interior and exterior vacuum
fields, hence typical flat plates will not provide a suffi-
ciently steep potential step for pair creation to occur.

A possible solution to this dilemma is to create a suit-
able potential gradient over a distance larger than the
Compton wavelength, such that the required step
change in potential occurs over a distance comparable
to the Compton wavelength. Assuming the required
potential step has magnitude /" and the change in vac-
uum field energy due to the Casimir effect has magni-
tude AE,,., the gradient relation can be expressed:

V AR,
A d

where A, is the Compton wavelength of the particle and
d is the plate thickness, or more properly the thickness
of the region over which the change in vacuum field
energy occurs. For pair production to occur at the step
boundary, the potential " must exceed E+mgc?, where E
is the total energy of the particle (rest mass plus kinetic
energy). Assuming the particle kinetic energy at the
boundary is small compared to its rest mass energy, the
requirement for V becomes:

29)

V =2myc’ (30)
Inserting Equations 28 and 30 into Equation 29 yields
the following expression for the plate area, thickness,
and separation as a function of particle mass and Comp-
ton wavelength:

2myc®  mlhel’
A, 720zd G
which reduces to:
2
~4.15x104 2o 32
z2’d 2, ©2)
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Equation 32 expresses necessary conditions for a flat
parallel plate geometry to form a sufficiently steep po-
tential gradient for particle-antiparticle pair production
to occur. For electrons, this condition can be written:
2
" 26, -2

= =1.56x10*°(m™) (33)
Assuming a plate separation distance z = 107 m and a
gradient length d = 10°° m, the required plate area, L?, is
around 0.156 m?; for square plates this corresponds to a
side length of approximately 0.4 m. Plates of this size
and flatness are well within current manufacturing ca-
pabilities, offering some encouragement for experimen-
tal verification of the proposed concept. For protons,

2
" 32, -2

kel 5.26x10°%(m™) (34)
Using the same plate separation and gradient distances
above would require a plate length of 725 m to provide
a suitable potential gradient. However, a number of
Casimir force experiments have been performed over
the past several years with plate separations down to
several nanometers, and a reasonable lower limit of 10°®
m can be assumed for the plate separation z. The dis-
tance over which the potential gradient is formed, d,
can also be reduced by locally thinning the plate sup-
port structure; a more realistic lower bound on 4 is thus
assumed to be 10° m. Given these values, the plate
size for producing the required potential step for pro-
ton-antiproton pair production is around 0.73 m, which
is difficult but not impossible to manufacture.

Ideally, the potential gradient would be formed in a
region devoid of plate material; this can be accom-
plished by designing the Casimir plate with a small hole
whose diameter is of the same order or smaller than the
plate scparation distance. Vacuum electromagnetic
fields with wavelengths larger than the hole diameter
will still be blocked by the cavity, but the potential gra-
dient formed by the plates is now in a material-free
region that more faithfully reproduces the assumptions
behind Figures 3 and 4. Possible effects due to the
fringing of vacuum electromagnetic fields at the hole
boundaries remain to be evaluated, but this method ap-
pears promising to provide the required potential gradi-
ents in a material-free region.

Summary. In summary, it appears possible to produce
a Casimir cavity geometry that will provide sufficiently
steep potential gradients for particle-antiparticle pair
creation. By introducing a small hole in the plate mate-
rial with a diameter similar to the plate separation dis-
tance, a potential step may be created in a material-free
region, as depicted in Figure 4. Electron-positron pairs
and proton-antiproton pairs can conceivably be gener-
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ated using this technique, with significantly less infra-
structure and presumably lower cost than current anti-
matter production methods.

EXPERIMENTAL DESIGN

The following experiment is proposed to evaluate the
possibility of producing particle-antiparticle pairs at a
potential boundary created within a Casimir cavity.
The proposed experiment is a modified version of a
similar experiment performed by the author under a
prior contract to the NASA Marshall Space Flight Cen-
ter.”* In that experiment, flat parallel plates were used
to form a Casimir cavity to investigate pair creation, but
the plate geometries were not properly designed to gen-
erate sharp potential gradients. Based on that effort and
the additional analysis in this report, the following ex-
periment is suggested for a proof-of-concept test.

Electron-Positron Production

To investigate the formation of electron-positron pairs,
it is proposed that a Casimir cavity be constructed from
two flat, square metallic plates, each with an area of
1.61x10% m?* (L = 12.7 cm). From Equation 33, spacing
the plates a distance z = 107 m apart should provide a
suitably steep potential gradient for electron-positron
pair creation to occur. To create a material free region
for the steep potential step, one plate should include a
central hole, drilled perpendicular to the plate bound-
ary, of diameter d < 10”7 m; vacuum electromagnetic
fields with wavelengths larger than 4 will still be
blocked by the cavity, although there may be minor
effects on the potential step due to field fringing. On
the opposite plate, a small amount of radioactive mate-
rial can be deposited to act as a source of electrons
within the cavity; Ni® is a readily available commercial
source, and the kinetic energy of the emitted electrons
(0.067 MeV) are sufficiently below the rest mass en-
ergy of the electron that Equation 30 remains a viable
approximation. Alternatively, the metallic plate can be
irradiated to produce subsequent electron emissions
within the cavity.

The plate surfaces must be aligned and moved to within
107 m to form the required potential step, which can be
accomplished using commercially available piezoelec-
tric transducers. The close separation distance requires
that the surface flatness of the plates not exceed 10% m,
which is a stringent but commercially attainable con-
straint. The entire system should be mounted in a vac-
uum system capable of achieving a hard vacuum (< 10
torr), and isolated from vibrations. To evaluate whether
the proposed pair production method works, a small
target placed outside the central plate hole can be used

9
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to intercept any positrons emitted at the potential
boundary. The resulting annihilation of the positrons
with the target material will produce 0.511-MeV
gamma rays that can be measured with a detector lo-
cated behind the target.

Proton-Antiproton Production

If successful, the experimental arrangement outlined
above will demonstrate the basic feasibility of the pro-
posed pair production process. However, for propul-
sion applications it is desirable to produce antiprotons
rather than positrons. As previously discussed, the con-
straints on plate size, flatness, and separation become
significantly more demanding, but remain within the
capability of current manufacturing techniques. For
proton-antiproton pair production, square plates with
areas of 0.526 m* (L = 0.725 m) would have to be sepa-
rated by a distance of 10® m, indicating that the surface
flatness of the plates would have to be on the order of
angstroms. Larger plate areas would relax this con-
straint by allowing larger separation distances, and the
ability to machine flat surface areas must be traded
against the fabrication of larger plate dimensions. The
central hole diameter would again be on the order of the
plate separation distance to provide a material-free po-
tential step, and the electron source would be replaced
with a proton source to provide the particles within the
cavity. If this scheme is successful, the antiprotons can
be captured upon exiting through the hole in the Ca-
simir plate and stored in portable Penning traps for later
use.

CONCLUDING REMARKS

A new concept has been described for creating matter-
antimatter particle pairs at a steep potential boundary.
The potential step is created using the Casimir effect to
suppress the vacuum energy between parallel conduct-
ing plates. Preliminary calculations indicate that a suf-
ficiently steep potential gradient can be formed for rea-
sonable plate dimensions and separation distances. A
preliminary experimental design is outlined as a proof-
of-concept test for the proposed antimatter production
scheme. Additional analysis remains to be performed
to validate the concept, including an evaluation of ma-
terial and temperature effects on the plate boundaries,
the effect of fringing fields on the potential step at the
plate central hole, and the consequences of imperfect
parallel plate alignment on the required potential gradi-
ent. Nevertheless, based on the preliminary analysis
presented in this paper, the proposed concept appears to
be a potentially viable alternative to the high-energy
antimatter production methods currently in use.
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ABSTRACT

Claims that the weight of test masses can be changed
in non-relativistic experiments have been investigated.
Amongst the most prominent reports has been a paper
by Podkletnov & Nieminen (Physica C 203 441, 1992);
more recently, Rounds (Proc. NASA Breakthrough
Propulsion Phys. Workshop, Cleveland, 297, 1998)
used a simpler experimental arrangement. Both of
these experiments measure the gravitational field above
YBa,Cu;0,_5 (superconducting below 7, = 93K).
Podkletnov & Nieminen specify that the
superconductor must be cooled below 70K,
magnetically rotated at ~5000 rpm, and simultaneously
levitated magnetically using two separate frequency
excitations; weight changes of ~1% were reported.
Rounds specifies less stringent conditions, mainly that
the YBCO is cooled to 77K whilst stationary. The
Rounds experiment has been repeated virtually exactly,
and the Podkletnov experiment has been investigated
by reproducing some of the conditions specified. No
measurable gravity modification (within +0.03%) was
observed using the subset of the Podkletnov conditions,
(but this does not preclude gravity modification arising
from the full specified conditions). The Rounds
configuration also has not shown any effects reliably
ascribable to gravity modification, although there was
unusual thermal behaviour.

1. INTRODUCTION

A number of reports recently claimed that the weight
of test masses can be changed as a result of using
various materials in various configurations and using
various excitations. One of the most prominent of these
has been that by Podkletnov and Nieminen': as far as
the present authors are aware, not only is this the only
such paper that has appeared in a peer-reviewed

* Present address: Cooke Computers, Jersey, British Isles.

¥ Present address: Motorola Ltd., Basingstoke, U.K..

journal, but it is also one of the few that cannot
immediately be dismissed as spurious.

The experimental results reported by these authors
appear to contradict conventional gravitational theory,
because their claims amount to apparent modifications
to the gravitational field in a laboratory-based system
that — at face value — does not require analysis by
General Relativity. This experiment is therefore
potentially highly important scientifically because of
the enormous technological implications for the design
of current transportation vehicles and handling
methods for bulk materials if gravity modification
(and, in particular, gravitation reduction) were
demonstrated to be feasible.

Objections to the Podkletnov and Nieminen experiment
have been raised. Podesta and Bull® discuss the
measurements’ in terms of buoyancy effects that could
be present because of the helium cooling the air
surrounding the test weight. Although interesting, the
air temperature required to achieve a buoyancy effect of
the same magnitude as seen by Podkletnov is 150K
which seems to be too low to make this a likely
explanation. Unnikrishnan® includes a description of
static levitation of a large superconducting disk that
finds no gravity effect, but is more interesting for its
discussion of Podkletnov’s claim that the gravitational
effects have no dependence on the height above the
spinning disk, which appears extremely strange at first
sight. This, along with Podkletnov’s claims to have
seen increases as well as reductions in test mass
weight, confirms that the effect claimed must be

“Gravity modification” rather than  passive
“Gravitational shielding”.
Pokeltnov’s repon‘ was therefore selected for

particular attention and experimental testing in the
present work, along with a subsequent and broadly
similar (though smaller) effect reported by Rounds*

Copyright © 2001 by the American Institute of Aeronautics and Astronautics, Inc.. All rights reserved.
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using a much simplified experimental arrangement.
The experiment due to Rounds® has been repeated
virtually exactly, and that due to Podkletnov!
(experimentally much more challenging) has been
investigated by examining some (although not yet all)
of the conditions reported as necessary for
demonstrating gravity modification.

Both of these experiments have in common that they
require the gravitational field to be measured above the
high-temperature  superconductor  YBa,Cu;0,_s
(which is superconducting below the critical
temperature T, = 93K). In the Podkletnov arrangement,
the superconductor (in the form of a multiphase
circular disk having a minimum diameter 10cm) must
be cooled below 70K, and magnetically rotated at high
speed (e.g., 5000 rpm) and simultaneously levitated
magnetically using two separate frequency excitations;
weight changes (in a test mass) of the order of 1% were
reported. In the Rounds arrangement, the conditions
are much less stringent and mainly require the YBCO
to be cooled to 77K in a stationary magnetic field.

1.1 Other claims of gravitv modification

Reiss® has reported work on the weight of a PTFE
capsule containing pellets of various materials
including 2212 BSCCO high-7 superconductor when
the capsule is immersed in liquid nitrogen. All of
Reiss’s measurements showed the apparent weight
rising with immersion time to some final figure after
about 5 minutes. This rise is a result of the thermal
contraction of the holder (giving a steadily reducing
buoyancy in the liquid nitrogen) and shows some
scatter as well as differences for different materials
contained within the holder. However, Reiss’s figures
indicate that the capsules containing the
superconductor have the biggest apparent weight
increase (although not markedly bigger). Reiss
interprets this in terms of the superconductor gaining
weight as the inside of the sample holder cools below
his superconductor’s critical temperature (~95K). Reiss
points out that the variation in the buoyancy drop
found for his three non-superconducting materials
(alumina, copper and PVC, in order of the lowest to
highest drop) does not match variations in their
specific heat. However, the variation in buoyancy drop
does occur in the same order as the thermal expansion
of these materials (i.e. alumina has a thermal
expansion coefficient smaller than that of copper,
which in turn is smaller than that of PVC). The room-
temperature expansion coefficient of BSCCO (which
shows the largest buoyancy drop) is roughly the same
size as that of copper. Reiss’s calculations show that
the shrinkage of the PTFE capsule should lead to a
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buoyancy drop three times larger than that seen in any
of his experiments; this inconsistency alone throws
doubt upon gravity modification having been
demonstrated conclusively.

Gravity experiments by Schnurer® use a 1" diameter
superconducting disk attached to the top of three coils
in a triangular arrangement and a metallic test mass is
attached to the top of the superconductor. This
assembly forms the weight on one end of a balance; the
counter weight then sits on digital laboratory scales so
that a weight decrease in the superconductor assembly
produces an increase in the scales reading. The
superconductor assembly is immersed in liquid
nitrogen; once it has cooled the scales reading is noted,
and power applied to the coils. The scales show an
increase proportional to the sample mass. Nitrogen
boiling due to the resistive heating by the coils, and
possible flexing of the wires supplying the coils, may
be possible explanations for these observations.

2. TESTS OF WEIGHT
REDUCTION USING ROTATING
SUPERCONDUCTORS

2.1 Background

Fully reproducing the Podkietnov conditions! is not
straightforward. As far as the present authors are
aware, no others have demonstrated gravity
modification using similar experimental arrangements,
though other partial tests’ have been reported.

The present approach to this experiment was to start by
spinning a superconductor at high speed. The basic
equipment used in initial tests is illustrated in Fig. 1. A
nominal 2" diameter (the die size, not the precise final
disk size; where appropriate this is given in mm)
granular disk fabricated ten years previously was
employed. Although this disk was able to produce
significant levitation (~5mm) of a 10g FeCo magnet, it
could not levitate a 40g, 1" 0.45T NdFe magnet, nor
could it sustainably levitate itself above an array of
these magnets. A number of tests where the
superconductor was cooled to 77K, spun at up to 5000
rpm, then slowed, and finally tested with a small
magnet to ensure that the Meissner effect was still
present, never produced any change in the test weight.

2.2 Present Project

In developing this investigation further, it was clear
that reproducing the full Podkietnov conditions would
take considerable time. Dr. Podkletnov has visited our

- laboratory to observe our experiments, and has made
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some helgful comments based upon his own

experience®. The strategy adopted was as follows:
e to be limited initially to 3" diameter disks,

e to develop a melt texturing process for disk
fabrication (Podkletnov partially melt textured his
disks to achieve much greater levitation for the
same magnetic flux density),

¢ to develop a new weight measurement system,

e to use permanent magnets to provide levitation
and/or rotating fields, and

e to produce low field, high frequency excitation
using a 13.56MHz generator.

These points will be discussed in turn below.

YZCO disc

_ Nvion iid

- >
ST SO
/ SEoRed -

Alr ged

Aluminium base plate

Motor

Fig. 1: The basic gravity test equipment. The aim
was to spin the nitrogen container at high speed,
while keeping the superconductor below T,

2.2.1 Melt Texturing and Disk Fabrication

Melt texturing has been found to improve YBCO’s
levitation force significantly for a given field and so
was developed to produce disks that could self-levitate
above NdFe magnets.

When YBCO is raised above 1008°C it begins to
decompose according to the reaction:

2YBa,Cu304(s) —> Y,BaCuOs(s) + copper/barium
rich liquid,

3
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i.e., the high temperature form of the superconducting
YBCO phase decomposes to a liquid that is mostly
BaCuO, and solid green phase YBCO. This reaction is
partially reversible, i.e. slow cooling back through
1008°C re-forms the 123 (superconducting) phase with
inclusions of the 211 (green) phase and solidified
copper/barium material. The resulting YBCO is
referred to as “melt textured”; essentially the grain
boundaries which limit the bulk superconductivity of a
granular sample have been reduced as the grains have
melted into each other. Most importantly the crystal
axes in a melt textured sample tend to be aligned
(usually so that the larger c-axis is vertical) so that the
sample properties are no longer an average of the good
in-plane and poor out-of-plane superconductivity
exhibited by YBCO.

One step further than melt texturing is top seeded melt
texturing. Seeding is carried out using small 123 phase
crystals with the yttrium replaced with neodymium or
samarium. This substitution produces a material with
the same crystal structure (except that the larger rare
earths have a tendency to be disordered because their
size means that they can partially substitute for
barium) but having a higher decomposition
temperature. These crystals when placed on the surface
of an YBCO pellet above the decomposition
temperature can, on cooling, seed the growth of large
single domain pseudo-crystals of 123 YBCO (they are
not true single crystals because of the 211 and Cu/Ba
inclusions).

Practical problems such as liquid flowing out from the
pellet above 1008°C can be controlled by adding extra
211 phase to increase the solid content at high
temperatures, but precise temperature control, without
significant temperature gradients, is necessary.
(Temperature gradients lead to different crystallisation
rates across the disks, causing disk cracking.)

The aim of this work was to produce 3" disks with an
even distribution of reasonably sized, randomly
oriented domains across their surface. Although single
YBCO domains up to 70mm across have been
demonstrated®, owing to the level of furnace
temperature control currently available to the present
work the largest single domain produced was
approximately 12mm x 12mm. In addition Podkletnov
considered inter-grain junctions to be crucial to the
gravity effect and we did not want to eliminate grain or
domain junctions entirely.

It was found that attempting to distribute Ndl23
crystals across the disk surface did not produce the
even domain distribution necessary. Not all of the Nd
seeds produced large domains and in any case

American Institute of Aeronautics and Astronautics



distributing small seed crystals in a furnace at 1020°C
is not an easy process. A disk resulting from multiple
top seeding is shown in Fig. 2; it clearly showed visibly
uneven crystal distribution, giving a levitation force
varying from place to place across the disk.

Fig. 2: Top seeded 3" disk

A better disk was produced not by seeding, but by
dropping the post-decomposition temperature from the
982°C used for seeded growth to 975°C. This lower
temperature  produces self-seeding and smaller
randomly shaped but evenly distributed domains
resulted (Fig. 3). This 110g disk, following
oxygenation between 500 and 200°C for a week, could
self-levitate above an array of seven NdFe magnets at a
height of approximately 15mm, and could levitate a
single NdFe magnet plus a further 80g at 2mm above
its surface.

As an alternative to homogeneous self-seeding a new
process, heterogeneous self-seeding, was tried. This
involves including some Nd211 phase in the Y123/211
mix so that the Nd/Y ratio was 2/98. When the disk
was raised to 1100°C (above the decomposition
temperature of Nd123) and then cooled to 982°C,
Nd123 is able to solidify from the 211/liquid mix first.
This is because of its higher decomposition
temperature and because the neodymium’s simiiar size
to barium makes Nd much more soluble than Y in the
melt ~ enhancing diffusion to a growing crystal

4
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surface. The Nd123 crystals formed in this way then
act as seeds distributed evenly throughout the disk for
the Y123 growth. A disk grown by this method (Fig. 4)
had levitation characteristics similar to the

homogeneously seeded disk; it is expected that further
development of this process would lead to still higher
levitation forces.

Fig. 3: Homogeneously seeded 3" disk

f?

. {f/’,
.

Fig. 4: Heterogeneously self-seeded 3" disk. The
crystallisation is more evenly distributed with a
more random orientation than the top seeded disk

-The chief problem found in this work is that of disk

cracking. It was found that any indication of a crack in
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the unfired disk that had been compacted in a die from
the precursor powders using a fifty tonne hydraulic
press would lead to catastrophic cracking during firing.
Only one in four disks as-pressed was good enough to
be fired (although unfired disks could usually be
reground and pressed again). One in two that were
fired held together, with or without some evidence of
cracking, after melt texturing. The extra shrinkage due
to the densification that occurs during melt texturing,
plus the wuneven crystallisation resulting from
temperature gradients, puts a big strain on the
mechanical stability of the disk.

One final innovation used during disk manufacture
was the use of Saffil fabric (Alumina/Silica fibres
pressed into a loose fabric/board) between disk and
substrate on firing. This served two purposes; the main
one was to ensure that disk could be separated from the
substrate post partial melting. Secondly, since both
aluminium and silicon chemically poison YBCO,
incorporation of the fabric into the lower layer of the
disk during melt texturing meant that there was a
graduated poisoning of the superconductivity from top
to bottom. In effect, the disks were bi-layered as
specified by Podkletnov'.

2.2.2 Experimental Apparatus

A beam balance was designed having the necessary
resolution (0.004g or better for a 100g test mass, i.c.
0.004%) using a knife-edge pivot. Damping was
essential, and was incorporated using a magnet that
induced a Lorentz current in an aluminium plate
opposing motion in proportion to velocity. The final
design is shown in Fig. 5. The balance counter-mass
was adjustable to give sensitivities that ranged from
Imm deflection for 0.02g difference, to Smm deflection
for 0.02g difference. The test mass used was 100g in
all the tests undertaken as part of the present work, so
that the best resolution obtainable was of the order of
0.004%, certainly sufficient for this application.

The cryostat body was made of aluminium and uses
chemically-expanding foam as a therma!l insulator. An
aluminium heat-exchanger, for thermal coupling of the
superconductor to the liquid nitrogen refrigerant, was
also used.

Tests on this cryostat assembly showed that although it
performed better than previous cryostats (fabricated
from nylon) in maintaining superconductivity during
static tests, after spinning at 5000 rpm and slowing to
rest the superconductor had warmed above T
(determined using the Meissner effect). Over 20 tests
were performed using this cryostat (on the basis that

5
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the disk would be superconducting for at least some of
the time that it was being spun) with the old 2" YBCO
disk and various magnet configurations. No balance
deflections were seen that could be definitely ascribed
to anything except vibration and so using this
configuration a gravity effect larger than 0.02% can be
formally ruled out.

Following this work a foil liner was added to the
cryostat between the liquid nitrogen refrigerant and the
foam insulator to reduce the friction on the nitrogen
during acceleration. With this liner in place and using
a new partially crystallised 2" disk (an early melt-
textured sample that could only levitate the NdFe
magnets a few millimetres) the superconductor could
be consistently accelerated to a top speed of 6000 rpm,
stopped, and then still levitate a magnet afterwards.

In this new configuration 32 full runs were performed
using a video camera to record any balance deflections.
The kinds of magnet configurations used are illustrated
in Fig. 6. In some tests the superconductor was cooled
through 7 in the presence of a magnetic field (“field
cooling™) and in others the superconductor was cooled
without a field.

One variation {two NdFe magnets held over the edge of
the disk, one with north up and one with north down,
and the superconductor field-cooled) seemed to show
balance deviations that indicated a very small weight
loss during disk acceleration and deceleration.
However, the vibration produced by the rotating
cryostat was such that rotation alone produced balance
deviations as large as any possible gravity effect. The
movements were not consistent enough to be ascribed
gravity effects, which in this configuration can be
formally ruled out down to 0.03%.

2.3 Experimental Results from Rotating Field Tests

The aim of this work was to rotate a levitated three
inch disk. However, whilst a levitated cylindrical
magnet can be freely rotated about its axis in any
orientation, levitated superconducting disks resist
rotation in a stationary field. Therefore, the
superconductor was fixed in place at the levitation
height — 10 to 20mm — above a rotating array of NdFe
magnets (Fig. 7). If the superconductor was not fixed
in these experiments then it tended to rotate unstably
with the rotating magnets. If a container was used that
only just contained the superconducting disk, then
sometimes the disk was seen to rise out of the position
in which it had been lodged and rotate slowly when the
magnets were rotating fast.
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If the superconductor was fixed in place and the
container was unsecured, then when the magnet
rotation speed reached around 2000 rpm the
superconductor lifted the whole container with liquid
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