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Introduction

The purpose of this book is to show that with cold fusion we can accomplish marvelous things.
Thisisnot areview or history of thefield. It is not meant to convince the reader that cold fusion
exists. If you doubt that, please read original sources. the scientific papers published in peer-
reviewed journals and conference proceedings. Y ou will find a bibliography of over 3,500 papers
at http://lenr-canr.org, along with a collection of over 500 full-text papers.

Cold fusion has been successfully replicated in hundreds of university and national
laboratories. These experiments prove that cold fusion does exist. In some instances it has
produced temperatures and concentrated energy high enough for practical applications. If cold
fusion can be commercialized it will eliminate most pollution and save billions of dollars aday
now spent on fossil fuel. It will be a godsend to the billions of people living in abject poverty. In
wealthy nationsit will offer a renewed sense of wonder, and hope for the future.

Unfortunately, this research has been suppressed in the United States. Papers cannot be
published; experiments are not funded. The Department of Energy reviewed the subject 2004.
The official summation was afarce, > but some of the reviewer’'s comments were thoughtful,
so perhaps thereis aray of hope. Even so, the fight to allow a modicum of research islikely to
continue for years. The purpose of this book, then, isto inspire the reader, and, perhaps, to enlist
him in this political battle.

Most cold fusion researchers are interested in the science, rather than potential benefits. They
want to know what the phenomenon reveal s about nature, and how it might be explained
theoretically. The public, on the other hand, generally wants to know: What can cold fusion do
for me? Can it really end the energy crisis? Or will it be another disappointment, the way
conventional nuclear energy has turned out to be. Thisis not self-serving. The publicisright to
be worried about energy, and to put peopl€' s needs first. The energy crisis grows worse year by
year. Destructive global warming may finally be upon us: in 2004, unprecedented, out-of-season
typhoons repeatedly struck Japan, and the water level in the Inland Sea has risen dramatically.
Many of our worst political crises are mixed up with energy, especially oil. The Iraq war may not
be“awar for oil” as some critics charge, but oil is surely a proximate cause. If the Middle East
did not have oil, the U.S. would not be embroiled there. Energy is often the story behind the
headlines. Energy production causes most air pollution. The lack of energy in the third world is
the single largest preventable cause of disease, misery, and death.

In this book, rather than talk about the present status of research, | would like to ook far
ahead, dream, and speculate. | hope the reader has as much fun reading this as | have had writing
it. Thisbook is not a serious technical analysis of near term R& D or market opportunities. Please
consider it nonfiction science fiction, along the lines of Arthur C. Clarke’ s masterpiece Profiles
of the Future. *° Alert readers will note that | have shamelessly plagiarized many of theideasin

! DOE, Report of the Review of Low Energy Nuclear Reactions. 2004, Department of Energy, Office of Science,
http://lenr-canr.org/acrobat/D OEreportofth. pdf

2 LENR-CANR.org, Special Collection, 2004 DoE Review of Cold Fusion, http:/lenr-
canr.org/Collections/DoeReview.htm

® DOE, 2004 U.S. Department of Energy Cold Fusion Review Reviewer Comments. 2004, Department of Energy,
Office of Science, http://lenr-canr.org/acrobat/DOEusdepartme. pdf

* Clarke, A.C., Profiles of the Future. 1963: Harper & Row.
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Profiles, such as desalination megaprojects, mining the sea, hovercraft, and autonomous (self-
driving) automobiles.

While some of the predictionsin this book are far-fetched, and some are whimsical, in every
case | have based them on actual cold fusion experimental results, and upon likely improvements
in other technology such as parallel processing, thin-film diamonds and carbon fiber. Asfar as |
know, even the most far-fetched predictions here are physically possible. To take an outrageous
example, | suppose it will someday be possible to build a giant carbon-fiber geodesic dome
covering downtown Las Vegas, and to air-condition the city. That does not mean it will be
practical, or desirable. The cost of equipment would probably make this project too expensive,
even with zero-cost cold fusion energy. The citizens of Las Vegas may not wish to air-condition
thelir city. But in any case, it could be done with cold fusion, whereas it would be out of the
guestion with any other source of energy.

Some cold fusion findings are more solid than others. The high temperature tungsten glow
discharge (plasma) experiments have only been replicated by Ohmori, Mizuno, ° Cirillo, * and
two other researchers as far as | know. | am not aware of any error in this work. Mizuno has
replicated the effect hundreds of times over many years, and he uses the best instruments money
can buy. However, until the experiment is more widely replicated, we cannot be sureit isreal,
and predictions based upon it are tentative. On the other hand, moderate temperatures between
50 and 150°C have been replicated by hundreds of researchers, and they are real beyond any
guestion. Rejecting them is tantamount to rejecting the experimental method itself. If cold fusion
can be commercialized, we surely will see moderate-temperature space heating and steam
turbines, but we may not see intense, high temperature cold fusion plasma.

Cold fusion will change the way we make countless future products. everything from space
heaters to factory kilns, municipal street lighting, and airplanes. In this book, however, | have
only considered how it will affect a handful of machines. mainly automobiles, power generators,
and autonomous robots. | have ignored most of the incremental changesit will giveriseto. Asif
cold fusion itself were not controversial enough for one book, | have concentrated on
provocative, problematic, and downright unbelievable technology that would have a profound
impact on society. For example, | propose we scrap the interstate highway system and rebuild it
underground. | trust the reader will find this scheme more interesting than a discussion of
swimming pool heaters, and will forgive me for blithely ignoring the cost of this fantastic
megaproject. The cost would be astronomical with today’ s technology, perhaps a hundred times
greater than our present aboveground highway system. | am assuming that over decades or
centuries the project will become thinkable, and then gradually, in stages, the cost will fall and
our wealth will increase until it becomes feasible. Small-scale underground highway construction
such asthe Big Dig project in Boston will demonstrate the benefits of putting roads underground,
and encourage society to invest in new excavation technology and construction techniques. Costs
will decline, and sometime in the next few centuries | hope the project will begin in earnest.

® Clarke, A.C., Profiles of the Future, Millennium Edition. 1999: Indigo. This edition includes some discussions of
cold fusion.

® Mizuno, T., et a., Production of Heat During Plasma Electrolysis. Jpn. J. Appl. Phys. A, 2000. 39: p. 6055.

" Cirillo, D. and V. lorio. Transmutation of metal at low energy in a confined plasma in water. in Eleventh
International Conference on Condensed Matter Nuclear Science. 2004. Marseille, France. http://www.lenr-
canr.org/acrobat/CirilloDtransmutat. pdf
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| have thrown in some absurd and outrageous ideas because | find them amusing. Above al, |
am interested in big ideas that can fix big, intractable problems.

The New York Times recently declared, “ energy independence’ is *an unattainable goal,
largely because the United States, which uses one-quarter of the world' s oil production, owns
less than 3 percent of the world’s oil reserves.” ® In other words, the Times thinks that we will
never discover alternative sources of energy large enough to replace oil. They said
“unattainable,” not “unattainable in the short run” or “unattainable for at least 20 years without
vigorous research.” Cold fusion would almost instantly hand us this “unattainable” goal. It could
give usten times more energy than we now use, or athousand times more. The only practical
limitation will be how much waste heat we can generate without harming the environment.
Combined with other technol ogies and used wisely, cold fusion can solve many nightmare
problems that seem beyond our ability to deal with, such as global warming, clean drinking
water and sanitation for billions of poor people, pollution, invasive beetles and other species that
threaten land and sea, and finding terrorists and criminals who hide in inaccessible wilderness. It
may seem strange that a new source of energy can help fix such disparate problems, but | hope to
show that cold fusion has that capability.

Thisisabook of predictions, not engineering specifications. If, in the future, these problems
are fixed with cold fusion powered machinery, the machines will be far different from anything |
have portrayed here, or indeed, anything | can imagine. | am only suggesting what might be done
in principle, to show that solutions are possible.

| doubt that anyone now living can grasp all the ramifications of cold fusion, or imagine more
than a small number of ways it will be used. We have no experience working with it, and no feel
for it. Someday, product engineers who have dealt with cold fusion all their lives will take its
capabilities for granted, and they will instinctively know how to apply it in ways that would
never occur to us. In 1970, the most forward thinking computer engineer or futurist probably did
not imagine that people in 1990 would be stuffing microscopic computers into automobile fuel
injection systems, kitchen blenders, hotel guest room door locks, Jacuzzi bathtubs, cameras,
“fuzzy logic” rice cookers, ® handheld radio-tel ephones, and thousands of other machines.
Computer experts were masters of arcane hardware and software, but they knew nothing about
cooking rice. They thought of computers as accounting machines, or handy toolsin the
laboratory, not as gadgets to cook rice with. When microprocessors came aong, the people who
make rice cookers saw how to use them. Product engineers everywhere went to work, putting
computers in new places and using them in new ways. In retrospect, most of these improvements
were predictable. Any hotel manager or guest can see the advantages of computerized doors and
access cards. What makes the future difficult to imagine is not any particular incremental
improvement, but rather what happens when all sorts of different machines are improved
simultaneously. When cold fusion power supplies become available in every size from a hearing
aid battery to an aerospace engine, product designers everywhere will find novel ways to use
them, and the cumulative changes will affect our lives and societies more profoundly than the
microcomputer revolution did.

8 New York Times, lead editorial, September 13, 2004, “CAMPAIGN 2004: THE BIG ISSUES Looking for Energy
in the Campaign”
® Such as the Zojirishi Neuro Fuzzy ®, Model No. NSBC-E10
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Some readers may feel it is pointless to discuss how cold fusion may shape the future when the
research is struggling against harsh political opposition, when most researchers are discouraged,
retired professorsin their seventies and eighties, and when cold fusion cells have seldom
produced more than afew watts of power. Cold fusion powered cars are but a distant dream
today. But | think we must have hope and a compelling vision of abrighter future to sustain usin
thislong, bitter, unequal fight.

While | would like to avoid politics, nothing about this subject makes sense until you realize
that it ismired in rivalry, hostility, and the suppression of academic freedom. Distinguished,
tenured professors and Institute Fellows are supposed to be free to study any topic they choose,
but when they have tried to publish positive cold fusion results, they have been ordered not to
publish or give lectures, and they have been harassed and reassigned to menial jobs as stock
clerks.

The American Physical Society (APS) told Nobel laureate Julian Schwinger he would not be
allowed to publish papers or even letters on cold fusion in APS journals, even though normally a
Nobel laureate is allowed to publish anything he wishes. Schwinger resigned in protest, saying:

The pressure for conformity is enormous. | have experienced it in editors' rejection of
submitted papers, based on venomous criticism of anonymous referees. The replacement of
impartial reviewing by censorship will be the death of science. °

Y ears later | asked a high-ranking member of the APS about this. He told me they considered
Schwinger insane because he believed in cold fusion, and they wanted to protect his dignity, so
they refused to publish his papers.

It must be noted that most scientists have remained neutral. Some are uninterested, but most
appear to be open-minded and favorably disposed toward cold fusion. Hundreds of thousands of
people have downloaded technical papers from LENR-CANR.org. We assume most readers are
scientists, because these papers are technical, difficult, and would not interest anyone else. The
problem is that researchers do not have time to explore every new idea, so they usually accept
evauations in journas such as Nature and Scientific American, or in the newspapers.
Unfortunately, asmall clique of influential opponents has outsized influence over the mass
media, and they have prejudiced both the public and scientists against the subject. They include
John Maddox, the former editor of Nature, Jonathon Piel and John Rennie, the previous and
present editors of the Scientific American, ** and John Huizenga, the head of the Department of
Energy ERAB panel that was charged with investigating cold fusion in 1989. ** Other prominent
opponents are at the Department of Energy, many in the plasma fusion program. Robert Park,
spokesman for the APS, is particularly vituperative and closed-minded. In 1991 he denounced
cold fusion in the Washington Post as the result of “foolishness or mendacity” and he repeated
that charge in 2002. **** Leading cold fusion researchers have offered him copies of papers, but
he refuses to read them. In 1999, when | met him in person at an APS conference, | tried to hand

19 schwinger, J., Cold fusion: Does it have a future? Evol. Trends Phys. Sci., Proc. Y oshio Nishina Centen. Symp.,
Tokyo 1990, 1991. 57: p. 171. http://lenr-canr.org/acrobat/SchwingerJcol dfusi ona. pdf

! Appeal to Readers, LENR-CANR.org, http://lenr-canr.org/Appeal andSciAm.pdf

12 Cold Fusion Research, November 1989, A Report of the Energy Research Advisory Board to the United States
Department of Energy, http://www.ncas.org/erab/, http://lenr-canr.org/acrobat/ERABreportofth. pdf

3 park, R., The Fizzein the Fusion, in Washington Post. 1991. p. B4.

Y Park, R., Letter to Frank Znidarsic, 2002.
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him printed copies of papers by McKubre and others. Not only did he refuse to read them, he
would not touch them. He let them fall to the floor.

This book is predicated on the hope — not the prediction! — that cold fusion will overcome
rabid political opposition and excruciating technical difficulties, and the effect will eventually be
developed and commerciaized. While | am quite sure the experiments are correct and the effect
isreal, | am not confident the opposition can be pushed aside. It depends upon two things:

First, as Max Planck put it, progress in science occurs “funeral by funeral.” He explained: “A
new scientific truth does not triumph by convincing its opponents and making them see the light,
but rather because its opponents eventually die, and a new generation grows up that is familiar
with it.” *> Many powerful establishment scientists oppose cold fusion with such irrational
vehemence they will probably never admit they are wrong, and the research will have to wait
until they die. Unfortunately, most cold fusion researchers are elderly retired scientists and they
are dying off faster than the opposition.

Second, nothing will happen until the public demands action. Samuel Florman wrote:

Sir Hugh E. C. Beaver, addressing the First International Congress on Air Pollution in 1955,
traced the seven hundred year long campaign against air pollution in England. Complaint
after complaint, committee after committee, report after report — all were ineffectual, asthe
centuries passed, and conditions grew progressively worse. Finally the London Smog of
1952, with its horrendous 4,000 deaths, set the scene for a new investigating committee,
which was chaired by Sir Hugh. The committee’s report was well received, said Beaver, and
led to effective action, not because the report was exceptional in any way, but because the
public was, at long last, receptive. The lesson to be learned, according to Beaver, isthat “on
public opinion, and on it alone, finally rests the issue.”

The public will not act until we convince it that cold fusion is worth funding.

Cold fusion may not pan out, so we must forge ahead and deal with the energy crisis using
tried-and-true conservation, good engineering, socia reform, and proven alternative energy
sources such as wind power. We should give uranium fission a second chance. | would never
advocate a pie-in-the-sky, $100 billion crash program to develop cold fusion. That is far too
great asum to risk on cold fusion in its present state. On the other hand, we should take a
calculated risk, and fund research to investigate solid, replicated, promising cold fusion
experiments, because the stakes are so high. Every day, worldwide, people spend $3.7 billion on
fossil fuel, to generate 0.9 quads of energy. Cold fusion would generate that much energy from
15 tons of heavy water, which would cost approximately $3.5 million. Imagine what $3.7 billion
per day could do for society! Imagine the benefits that would flow if this money were spent on
housing, education, food and infrastructure, instead of oil and coal. Every week, roughly 42,000
children *" die from waterborne infectious disease their parents could easily prevent if only they
had enough fuel to boil drinking water, cook food properly, and stay warm in winter.

Cold fusion research is arisk worth taking, and a cause worth fighting for, no matter how high
the odds against it may be.

5 Planck, M., A Scientific Autobiography, 1948: Philosophical Library, p. 33 (translated by E. Gaynor)

% Florman, S., The Existential Pleasures of Engineering. 1996: St. Martin’s Griffin, p. 40.

Y pruss, A., et a., Estimating the Burden of Disease from Water, Sanitation, and hygiene at a Global Level.
Environmental Health Perspectives, 2002. 110(5).
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Even the cold fusion researchers do not realize how vast the consequences of their work may
turn out to be. Cold fusion will be far more than a clean “replacement” for present-day energy
systems. Calling it areplacement is like saying that a Pentium computer connected to the Internet
isareplacement for adlide rule and atypewriter. Cold fusion will be orders of magnitude

cheaper, more abundant and less polluting. It will be qualitatively better in ways we can hardly
imagine.
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Part I: What |s Cold Fusion?



1. A Brief Description of Cold Fusion

In auniversity library or the LENR-CANR.org online library, readers will find hundreds of
papers describing cold fusion from an experimentalist’ s point of view, and many papers
describing theory. Since this book is about potential technology, rather than detailing specific
experiments, this section isabrief, smplified FAQ (aset of Frequently Asked Questions). For a
more co?;prehensi ve technical review of the field, we recommend A Sudent’s Guide to Cold
Fusion.

Who discovered cold fusion?

Cold fusion was discovered by Professors Martin Fleischmann and Stanley Pons, and
announced in March 1989. Other researchers had earlier observed fleeting evidence for it. In the
1920s Paneth and Peters thought they had measured helium from a metal hydride room
temperature fusion reaction, but they later retracted the claim. *° Y. E. Kim believesthat P. I.
Dee may have seen evidence for cold fusion in 1934. %° In 1981, around the time Fleischmann
and Pons were beginning their experiments, Mizuno observed strange charged particles from
palladium deuterides, but after puzzling over them for some time, he dismissed them as
instrument error. % Unlike these early researchers, Fleischmann and Pons observed a clear
signal, which they repeated many times, and after years of effort in the 1980s they developed
fairly reliable techniques to reproduce the effect.

What is cold fuson?

It isareaction that occurs under certain conditionsin metal hydrides (metals with hydrogen or
heavy hydrogen dissolved in them). It produces excess heat, helium, charged particles, and
occasionally avery low level of neutrons. In some experiments the host metal has been
transmuted into other elements. The cold fusion reaction has been seen with palladium, titanium,
nickel, and with some superconducting ceramics.

What is excess heat?

Many chemical and nuclear processes are exothermic, meaning they release heat. For example,
when you strike a match, you heat it with friction. It catches on fire and burns until the fuel is
exhausted. It releases stored energy; overal it produces much more output than the input heat
from friction. Some gas-loaded cold fusion cells are similar: once the reaction gets underway, no
energy isinput, and a stream of heat comes out. Other devices require an external source of
electrical energy to maintain the conditions that keep the reaction going. The input electricity
produces some heat, and the cold fusion reaction produces additional or “excess’ heat. When you
input 2 watts of electrolytic power and the cell produces 3 watts, 1 waitt is excess.

18 Storms, E., A Student’ s Guide to Cold Fusion. 2003, LENR-CANR.org, http://lenr-
canr.org/acrobat/StormsEastudentsg. pdf

¥ Mallove, E., Fire FromIce. 1991, NY: John Wiley, p. 104

2 Kim, Y.E., Possible Evidence of Cold D(D,p)T Fusion from Dee's 1934 Experiment. Trans. Fusion Technol.,
1994. 26(4T): p. 519. ICCF-4 version: http://lenr-canr.org/acrobat/KimY Epossibleeva. pdf

2 Mizuno, T., Nuclear Transmutation: The Reality of Cold Fusion. 1998, Concord, NH: Infinite Energy Press, p. 35
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From a practical point of view, heat is the most important aspect of cold fusion. Some
researchers, including Fleischmann, feel it is also the best proof that the reaction is nuclear, not
chemical. This aspect of cold fusion has been widely misunderstood. It is discussed in detail in
the next section.

Iscold fusion chemical, nuclear or something else?

Thisis explained in detail in the next section. To summarize briefly: Cold fusion cannot be a
chemical process because it consumes no chemical fuel and it produces no chemical ash. Cold
fusion cells contain mostly water, which is an inert substance that cannot burn or undergo any
other exothermic chemical reaction. Cells also contain metal hydrides, which can produce small
amounts of chemical heat, but cold fusion cells have produced hundreds of thousands of times
more energy than achemical cell of the same size could. In some cases, this large energy output
isthe product of avery low level of power integrated over along time, which meansit could be
an error. A researcher might mistakenly think he is measuring 50 milliwatts excess, when thereis
actually zero excess. But several experiments have produced much higher power, ranging from
500 to 10,000 milliwatts (0.5 to 10 watts), and this much heat can be measured with great
confidence.

Cold fusion does produce nuclear as opposed to chemical ash, including: helium, asmall
number of neutrons, and in some cases tritium and transmutations in the host metal. It sometimes
produces gross physical changes, such as melted or vaporized metal. (See Chapter 2, Section 6.)

If cold fusion cellsarenuclear, why aren’t they extremely hot?

Some people think that because nuclear reactions produce gigantic amounts of energy, they
must be very hot, like the inside of afission reactor or the photosphere of the sun. Thisis not
necessarily so. A sample of impure radium or uranium that is undergoing fission might be cold to
the touch, or barely warm. The individual fission reactions that occur atom by atom inside them
produce millions of electron volts (eV) of energy, whereas the atoms in achemical reaction
release at most 3 or 4 electron volts.

A chemical reaction might produce much more power over a short period of time than a
nuclear reaction: aburning match is hotter than impure radium. The atoms undergoing a nuclear
reaction in the radium are few and far between, whereas trillions of atomsin the chemical sample
simultaneously participate in the chemical reaction. The radium remains warm for thousands of
years, whereas the match briefly gives off intense heat, and burns out a half-minute later.

Iscold fusion an easy, cheap desktop experiment?

Richard Oriani, one of the world’ s leading electrochemists, said that in his 50-year career cold
fusion experiments were the most difficult he ever performed. Cold fusion experiments can range
in cost from $50,000 to $20 million. They vary in complexity from the isoperibolic half-silvered
test-tube used by Fleischmann and Pons up the sophisticated custom-designed mass
spectrometers at the Italian National Nuclear Laboratories (ENEA) and Mitsubishi heavy
industry. Experiments usually take between six months and two years to perform. When
Fleischmann and Pons announced the experiment, Fleischmann called thisa“relatively ssimple”
method of achieving nuclear fusion. He meant that it was simple compared with building a
billion dollar tokamak reactor.

1. A Brief Description of Cold Fusion 9



Main features

~ High resolution Mass Spectrometer
{Balzers QMA 410).

Two NEG pumps are used:

» SAES Capacitorr B 1300 (600 g of
ST185 TiV alloy) operating at high
temperature (300 - 400°C)

» SAES GP200 MK4 W.(170 g of ST707
alloy) operating at RT.

~ Dynamic pumping:
» Main pump: Pfeiffer TMU 261 turbo
molecular drag pump

» Backing pump: Pfeiffer TMU 071 +
MD4

No cryosorption pumps are used.

~ Automatic operation (Field-Point +
LabView).

Pressure stabilized storage circuit.

Figure. 1.1. Part of an expensive cold fusion experiment. A high resolution mass spectrometer used for on-line
helium detection during a cold fusion experiment at C. R. ENEA Frascati. (http://www.frascati.enea.it/nhe/)

Cold fusion is difficult to replicate, and the reaction is often unstable. The heat flares up and
gutters out, like burning wet green firewood. Poorly understood physical reactionsin potentially
groundbreaking experiments are often like this. From 1948 to 1952, transistors existed only as
rare, delicate, expensive laboratory devices that were difficult to replicate. One scientist recalled
that, “in the very early days the performance of atransistor was apt to change if someone
slammed adoor.” ?? By 1955, millions of transistors were in use, and any of these later mass
produced devices was far more reliable than the best |aboratory prototype of 1952.

I'scold fusion too good to be true?

Some skeptics feel that cold fusion must be too good to be true. They suspect that cold fusion
researchers are guilty of wishful thinking. They should remember Michael Faraday’s dictum:
“Nothing is too wonderful to betrueif it be consistent with the laws of nature.” Mankind has
discovered countless wonderful things that ancient people would have thought miraculous.

Modern physicists think it istoo good to be true because they cannot comprehend how it could
possibly work. They do not fully understand how high temperature superconductivity works
either, but they accept that it exists. Before 1939, no one understood how fusion in the sun
worked, and before the discovery of DNA in 1952 no one understood how living cells
reproduced, yet people had never claimed that the sun does not exist, nor that cells cannot
reproduce.

Many people have a sneaking suspicion that cold fusion must be too good to be true, because
nature never does something for nothing. They think everything is difficult, and there is always a
price to pay for the bounty of nature. Resources are now and always will be in short supply, and

2 Riordan, M. and L. Hoddeson, Crystal Fire, the Birth of the Information Age. 1997: W. W. Norton & Company.
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we must therefore compete with others to get our share. Such people are mired in a stone-age
mentality. The only resources we lack are knowledge and science. Knowledge is power, and with
it we can unlock the unthinkably vast material and energy resources of the earth, and ultimately
of the entire solar system. In the distant future when interplanetary travel becomes routine, every
person may have athousand hectares of living space: a vast estate on Mars, or in multilevel
towers here on Earth. Someday robots will be improved enough to understand speech and
perform domestic labor such as cleaning and cooking. They will gradually fall in price until
anyone who wants can have a dozen robot servants waiting on them hand and foot. Energy isthe
most abundant natural resource of all; we need only find waysto harvest it. The sun produces
2.8 x 10%° watts, which is enough to vaporize the Earth in about aday. It is enough to give every
izr;divi dual on earth four-thousand times more energy than the entire human race now consumes.

Does the high cost of experiments mean that fusion-powered machinery will
be expensive?

No. Most of the expense of an experiment is for the instruments used to measure heat, charged
particles, transmutations and neutrons. Cold fusion devices do not require extraordinary
precision or ultra-pure materials. They are assembled by hand, like jewelry, with tolerances of a
millimeter or so. Some of these crude, handmade devices have produced pal pable, potentially
useful levels of heat. Mass produced cold fusion devices in the future should cost roughly as
much as alkaline or NiCad batteries, which they resemble in some ways.

What will it taketo commercialize cold fusion?

It will take the support of you, the informed public. See the Introduction. Until people put
pressure on the government and the scientific establishment, research will not be allowed in the
United States, and it will continue to be actively discouraged in Europe and Japan.

After research begins in earnest, it may be many years before atheory is discovered and the
reaction can be fully controlled. It seems unlikely that people will embrace commercial cold
fusion devicesif the reaction is not fully controllable, and if we cannot ensure it will never
produce penetrating radiation or other dangerous side effects.

What will it cost to replace all conventionally powered automobiles,
generators and other equipment with cold fusion powered models?

It will not cost anything. All equipment gradually wears out and must be replaced anyway, so
it might as well be replaced with cold fusion models. Carslast five to 10 years, so the transition
to cold fusion will probably take about 10 years, although it may accelerate in the last stages
when people find it inconvenient to operate a gasoline powered car. (See Chapter 7, Section 2.)
Setting up cold fusion equipment production lines will be expensive at first, but cold fusion
powered models will be simpler and cheaper than fossil fuel models, and they will cost virtualy
nothing to operate, so overall we will save tremendous amounts of money.

% Computed as follows: the Sun’s output is 2.8 x 10%° W, world annual energy productionis 12 ~ 13 TW = 1.2
10" W. The world population is 6 > 10° people. The Sun’s power divided by the world’s energy production
converted to power equals 2.3>< 10", Divide this by population, and we see that the per-capita output is 3,888 times
world production.
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1. Heat Is the Principal Signature of the Reaction

Soon after Fleischmann and Pons announced cold fusion, Fleischmann said, “heat isthe
principal signature of the reaction.” He meant heat is the easiest effect to measure, and the most
reliable indication cold fusion is a nuclear process. Thisis quite unlike most other nuclear
reactions, which emit intense radioactivity. (A few do not; see Chapter 2, Section 1.)
Radioactivity isusually much easier to detect than heat. If an ordinary nuclear reaction were to
produce a watt or two of heat the way cold fusion does, it would also generate such intense
radiation anyone standing near the unshielded cell would be killed.

Thisis one of the most important issuesin the field, and it is widely misunderstood, even by
scientists.

Heat is heat; whether it originates from a chemical reaction, a nuclear reaction or friction, it
produces the same effects and can be measured the same way, with a calorimeter. A calorimeter
cannot distinguish between any of these sources of heat.

A wooden kitchen match weighs 0.2 grams. It burns for 25 seconds, producing about 40 watts
of power, so it produces about 1,000 joules of energy, or 1 Btu. A small paraffin candle of the
same weight would produce 8,400 joules. But you need free oxygen to burn a match or paraffin,
and thereislittle free oxygen in acold fusion cell. When you have to supply fuel plus oxygen,
your best choiceisto burn 0.02 grams of hydrogen plus 0.18 grams of oxygen. Thisforms 0.2
grams of water, yielding 3,133 joules. No fuel in a closed cell, without an air supply, can produce
more energy than this.

Most cold fusion cathodes are about the same size as a match or coin. Suppose a palladium
cold fusion cathode weighing 0.2 grams begins to produce one watt of heat. After 50 minutes it
has produced 3,000 joules, which is still, theoretically, within the limits of chemistry (3,133
joules) athough as a practical matter there is no way palladium can produce this much chemical
energy. If the reaction is still going strong after two hours, you can definitely rule out chemistry.
Some cold fusion cathodes weighing about this much have produced a watt or two continuously
for weeks. They have produced in total millions of joules (megajoules). A few have produced
between 50 and 300 megagjoules.

Cold fusion cathodes do have alittle chemical fuel in them. A cathode is a hydride: a metal
that has absorbed hydrogen or heavy hydrogen (deuterium). As the hydrogen is absorbed into the
metal, it leaves behind alittle free oxygen in the headspace above the water in the cell. When
electrolysisis turned off, the hydrogen in the metal gradually emerges. It isignited by the
recombiner in the headspace, so it does produce a little heat. (See Figure 1.5.) Palladium absorbs
and then gives up hydrogen more easily than any other metal. In the 19" century palladium
hydrides were used as cigarette lighters. However, a 0.2-gram palladium cathode when fully
saturated with hydrogen holds only about 286 joules worth of fuel 2*

In many experiments, the heat has been marginal and difficult to measure, but in othersit has
been dramatic, sometimes up to three times input (300% excess). With gas-loaded cathodes,

2 Computed as follows: 0.2 grams = 0.002 moles of Pd. Fully loaded at a 1:1 ratio with hydrogen, 0.002 moles of
Pd hold 0.002 moles of H (0.002 grams) which convertsto 0.001 moles H,O. The heat of formation of water is
285,800 joules per mole. It isvery difficult to load ashigh as 1:1, except at very low temperature. The palladium
cigarette lighters would have achieved no more than a 1:0.5 ratio in a mixture of alphaand beta loaded Pd-H. In
other words, a 1 ounce (28 gram) palladium lighter would hold roughly as much energy as 20 wooden matches.
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