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A. FUSION FACTS YEAR IN REVIEW

PONS, FLEISCHMANN HOPE FUSION FUROR WILL GIVE
WAY TO SOLID NEW RESEARCH

(Reprinted from Univ. of Utah REVIEW, Vol 23, No 5, April/May
1990. By James C. Bapis, Review Writer.)

Two Utah chemists certain excess heat is nuclear. Buoyed by new
verifications.

University of Utah chemists B. Stanley Ponsand Martin Fleischmann,
self-described "unrepentant” believers

JUNE 1990

in their discovery of possible cold fusion, say the year-long
controversy has slowed them from entering new pathways of research,
but hasn't changed their minds about what they've found. "Wefeel this
controversy has put us back at least a year in developing a tighter
theoretical base," says Pons. " Sofar we'veproved nothing additional in
thewholeyear except we'veconfirmed over and over again what we've
done”

OnMarch 23, 1989, Ponsand Fleischmann joltedthe world of science
with the announcement they had created nuclear fusion at
room-temperature in a simple electrolytic cell. Their claim set in
motion a protracted debate on thetopic of cold fusion and aworldwide
scrambl e to duplicate the experiment.

While some scientists resorted to jerry-built devices in the frenzy to
duplicate what quickly became known as the Pons-Fleischmann
"effect,” others made use of the world's finest nuclear process
monitoringequipment. Failures outnumbered successesin theracefor
replication.

Pons and Fleischmann areconvinced thelarge amounts of excess heat
they are regularly measuring in electrol ytic cells is not the result of
chemical reactions, but some kind of nuclear process at work. They
madetheir discovery publicafter fiveyearsof experimentationinwhich
they repeatedly rechecked their resultsand after submitting an article to
a peer-reviewed journal.

"We are much more convinced now," says Pons about the

findings. "If we were 99 percent sure, we are now 100 percent. We
have made no mistakesin our ca orimetric measurements. No one has
ever convinced us that we made a mistake. We stand by that. As
Martin says, we are 'unrepentant.™

Someof Pons' cells have produced over 100 watts per cubic centimeter,
or twice the energy output that he says one would expect in a
water-cooled nuclear fission reactor.

The Dewar-type open systems cell he and Fleischmann use provide
"very accurate values' of enthalpy, or heat output.

"We believe that more accurate values of heat outputs could not be
derived by using more complex experimentation," according to the
Pons-Fleischmann paper, whichwill be published intheJuly 1990issue
of theJournal of Fusion Technology.

"Therates of enthalpy produced during the'bursts' are 17times plateau
levelsand 40 timespesk values of the total enthal py input to the cells,”
their paper adds. "The
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cumulative excess enthalpy for the bursts...far exceeds the heat which
could be generated from any conceivable chemica process.”

Two other Pons-Fleischmann papers have aso been accepted for
publication in other journals. Fleischmann says that during the past
year, because the cold fusion debate often reached a strident level, the
two scientists were forced to spend less time on the innovative
approachestoresearch forwhich they're known and more time on detail
work.

"Neither Stan nor | ... especially enjoy 'i*-dottingand 't'-crossing,” says
Fleischmann. "Wedon't particularly enjoy workingingreat detail. We
like moreof the innovation aspect rather than the highly detailed work.
It (the controversy) has compelled us to pay attention to the detail and
so we do."

Despite the steadfast optimism of the two principa figures, the
worldwide opinions of nuclear scientists, chemists, physicists, and
engineers remain sharply divided over claims of cold fuson in a
test-tube. After asix-month study, a specia advisory board appointed
by U.S. Department of Energy Secretary James Watkins recommended
last November against approving special federal fundingfor cold fusion.
The board concluded that the experiments in Utah and elsewhere
presented " no convincingevidence toassociate thereported anomalous
heat with a nuclear process."

Cold fusion's biggest single boost came at the recent First Annua
Conference on Cold Fusion sponsored by the University of
Utah-affiliated National Cold Fusion Institute. At the three-day
meeting, a string of scientists reported on successful experiments
showing excess heat or the emission of nuclear particles or sometimes
both.

Dr. Ernest B. Y eager of CaseWestern ReserveUniversity appraised the
conference as a"decisive turning point" in the history of cold fusion.
Dr. John O. Bockris of Texas A&M said research has "passed the
anecdotal stage’. Dr. Robert A. Huggins of Stanford University said
that if experimenta results don't fit the theory, then theory must
sometimes change. Dr. Giuliano Preparata of the University of Milan
in Italy said that after months as a doubter he's convinced the reactions
are "nuclear events'. Utah's Gov. Norman Bangerter told fusioneers
"we're withyou all the way". And Nobel laureate Julian Schwinger of
UCLA said "itisno longer possibleto lightly dismissthe reality of cold
fusion." But critics also had their say -- sometimes in conference
sessions, sometimes speaking with reporters during breaks, sometimes
hundreds and even thousands of milesaway fromthe conference doors.
Some who skipped the conference altogether resorted to ridicule and
derision in dismissing fusion's relevance.

Appearingon network television, Robert Park, publicaffairs executive
director of the American Physical Society, termed the Salt Lake
gathering a"seance of a hardy bandof remainingtruebelievers." Only
afew fusion skeptics chose to attend the proceedings.

Speaking from the floor at one of thesessions, Dr. Stephen Kellogg of
theCalifornialnstituteof Technology, reactedto thecollective positive
reportsthisway: "l wouldliketo be Alicein Wonderland and accept so
many impossible things beforebreakfast. | may bewilling to accept one
miracle, but what | see from this conferenceis that the various groups
reporting positiveresults are at variance with each other. You can't all
beright. Who among youiswrong?' [Note: Kellogg isone of the co-
authors of a Nature article with data showing excess heat; [see
Noninski's paper in section C of thisissue. Ed.]

Pons and Fleischmann hope the results from the NCFI conference will
provide seriously needed impetus for accelerated studies of the
phenomena. Pons called the conference "fair and open." "The
conference can do nothing but help science. | think itisnow clear that
there is something. If the atmosphere at this conference continues, it
should move usalongfaster." Headds, however, that published attacks
on cold fusion, such as those appearing in the British journa Nature,
could hinder the paceof research. An editorial in the journal's March
29 issue hids "Farewell (not fond) to cold fusion,” calling it a
diminishing focus for professiona belief.

Dr. Fritz G. Will, NCFI director and former senior researchscientist at
General Electric, saysthemeeting provided a"consensus' on the truth
of heat production. He notesthat theamounts of excess heat recorded
in various experiments are too high to be attributed to chemical
reactions. "Let us not be surprised that it will take theoreticians along
time before they will be able to come up with a self-consistent theory
that explains the many multifaceted experimental resultsthat have been
presented,” says Will.

Hedso confirmed that the institute, established last August with a $5
million appropriation from the state of Utah, recently received itsfirst
non-statefunding, a$50,000 contribution fromUtah Power & Light Co.
Pons' and Feischmann's findings, if proven correct, could turn
conventiond fusion theory inside out. At great expense, physicists
have labored for years under the established theory that fusing atoms
require heating to millions of degrees. Pons and Fleischmann believe
they've found a simpler pathway, and at ambient conditions.

Dr. P.K. lyengar, Director of India'sAtomic Energy Commission, says
heis convinced from research at the Bhabha Atomic Research Centre
that "our results have conclusively established cold fusion does occur
indeuterium-loaded palladium and titanium metal lattices." Thelndian
centre employs some 3,000 nuclear scientists. "Now that the effect has
been established, thenext step isto determinetheideal conditionsunder
which you can multiply this event," says lyengar. "By and large we
have had success in 70 percent of our cells, which is a very high
number." Pons has indicated an even higher success rate. lyengar
acknowledged, however, that the most important results from Bhabha
may be the "surprisingly low" neutron yield ratio, on the order of one
neutron
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per 100 milliontritons. A triton isanucleusof atritiumatom. Hesays

theselow neutron count ratesrel ative totritiumlevel s defy conventional
nuclear fusion theory and account for much of the skepticism in the
physics community. " Thisbranching ratio anomaly cannot be explained
on the basis of our present understanding of fusion reactions,”" says
lyengar. But he thinks his research clearly shows, "there is a finite
possibility that youcan have an energy-producing sourcebased oncold
fusion." Researchers at the Indira Gandhi atomic centre have aso
reported positive resullts.

Scientistsinboth India and Japan have focusedmost of their cold fusion
effortson detecting neutrons, tritium, gammarays and other subatomic
particles because of their conviction that accurate heat flux
measurements are extremely difficult to make.

Dr. Hideo Ikegami, Director of Nagoya University'sinstitutefor Fusion
Science, says40groups, including about 140 key personnel, assisted by
staff and students, have been assigned to cold fusion experiments in
Japan. He offered few specifics at the Utah conference on the Japanese
studies, except to acknowledge "positive results' at some laboratories,
particularly in excess neutron activity.

"So far theresults are not as great as the very interesting results we
heard at theUtah conference,”" sayslkegami."| found (thereports) there
very promising." He feels Japan's research is far too early in the
development stage for definitive papers to be written. As a magjor
energy importer, Japan operates an active fusion research program,
especialy in high-temperaturefusion. Part of his country'sinterest in
cold fusioniis its potential for complementing and supporting much
larger programsin hot fusion.

Any cold fusion processthat inexpensively generateslarge amountsof
tritium could have an enormous effect on studies in plasma physics,
which is especialy important in studies directed a moving
thermonuclear fusion beyond the break-even point in energy output.
Contemporary hot fusion research is focused on finding methods to
contain aplasma (highly ionized gas) sothat it yields moreenergy than
required to raisetheplasmato "ignition," the minimum temperature at
which a hot fusion reaction occurs.

At Oak Ridge Nationa Laboratory, Dr. Donald P. Hutchinson heads
one of two hot-fusi on groups who have turned their attention to cold
fusion. Hutchinson doubtsthat the widespread and intensive scientific
inquiriesaround theglobe during thepast year haveyet shed much light
on the true source of excess enthalpies varioudy reported.

"Weveseen excessheat in our experiments, as othershavein theirs. We
have an anomaly, obviously. We have as much difficulty explaining
that heat from a chemical standpoint as we do from a nuclear
standpoint. But we see no nuclear signatures.

"It might be a nuclear event, but I'm not sure it's fusion. We are
planningseveral new experiments to see whether the energy generated
is on the surface of therodsor in the rodsthemselves and what might
be the cause of the heat."

Another Oak Ridge scientist, Dr. Charles D. Scott, aresearch chemical
engineer, says that he has simultaneousy measured excess hedt,
neutrons and gamma

raysin atleast oneclosed systemcell that recombines el ectrolyticgases.
Excess heat production has been in the range of 5 to 10 percent.

"Weve been able toinitiate excess energy and maintainit for hundreds
of hours, and our latest tests have also seen some increases in the
neutron and gammaray count rates. However, these levels of particles
are at many levels of magnitude less than required to account for the
excess energy by conventional nuclear theory," he says.

Neither Hutchinson nor Scott is ready to label their findings, nor those
of any other scientists, as undeniable cold fusion. But Scott did tell a
television interviewer that "our colleagues at the national laboratory
believe the data we are reporting is credible scientific information.”

Skeptics, such as Dr. John R. Huizenga, co-chairman of the
now-dissolved U.S. Department of Energy advisory board on cold
fusion, argue that the experiments reporting positive results show no
consistent rel ationshi p between heat production and particle emissions.

Huizenga, professor of physics and chemistry at the University of
Rochester, left theconference convinced that the DoE advisory board's
report"till representsthebest balanceof exactlywhere thingsstand on
cold fusion." He restated the board's conclusion that excess heat is
insufficient to prove that the experimental cellsare generating fusion
reactions. "That argument (excessheat) isfallacious," hesays. "It turns
out that if nuclear fusion is realy occurring there has to be a
commensurate number of nuclear products. Unless people understand
that, not much progress is going to be made."

Huizenga believes that one of the surest ways to resolve some of the
larger differencesamong scientistsisa collaboration on future projects
between peopl e reporting positiveresultsand peopl e reporting negative
results.

"In our report, we suggested small amounts of funding for just such
work. I'm not satisfied that's happened. | think that would be
outstanding. It's the only way we're going to make progress in this
field." He says that thus far no satisfactory evidence has emerged to
indicatethat thephenomenabeing reported will lead to any kind of new
energy source.

Ninety percent of the researcherschasing themystery of cold fusion are
either notseeing positiveresults oronly a"scattering” of positive results
"because at low-current densities, it (the cell) can't decide whether to
goor notto go," counters Pons.
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"Thisis wherethe problem, | think, hasbeen. All of our experiments
show excessheat" at higher currentlevels. "When we take thesecells up
to high enough current, they all show positive heat. Scientific papers
yet to be published will present evidence of neutron emissions’, he
adds.

Cold fusion experiments are also being run at other U.S. government
laboratories. Results of thework of Edmund Storms and Carol Talcott
of Los AlamosNational Laboratory will also appear in the July issue of
the Journal of Fusion Technology.

According to Storms, about 10 percent of the first 165 cells the two
scientists operated produced tritium, mostly in relatively small
amounts, in experiments using palladium cathodes and lithium
deuteroxide electrolytes.

The Los Alamos studies have purposely avoided heat measurements,
says Storms. "We adopted the philosophy that because the processis
soirreproducible, alot of variablesneed exploring and thiscan best be
doneleast expensvely by looking for evidence of tritium." He adds
that because experimentersare rarely finding tritium and excessheat in
the same cells, fusion theorists should consider that separate
processes are probably occurring. "If we succeed in reproducing
tritium (on demand) then we can begin looking for neutrons, and
eventually for heat,” says Storms, "we can detect even small amounts
of tritium because we examineour cells once aday and have plenty of
good statistics and control s running.”

Dr. David Worledge, a physicist with the Electric Power Research
Ingtitute in California, says theconference convinced him that evenin
the face of higher quality experiments, evidence pointing toward the
possibility of fusion reactionsisn't retreating. "That's usually asign of
areal phenomenon,” says Worledge. "I was encouraged by thequality
of thepresentations, athough | don't believethe results...unequivocally
prove the phenomena are rea ."

Worledge concluded his conference talk by showing an overhead
view-graphentitled, "The Bottom Line," consisting of four "bullets" of
information. The first bullet read, "Not Proved, Yea or Nay"; the
second, "Don't Quit"; thethird, "Don't Hold Y our Breath"; and thelast,
"Do Science." "And | think we can see some decent quality scientific
work being done," he said.

EPRI, a research consortium supported by utility companies, has
provided some funding for cold fusion research. "TheHoly Grail inthe
current research effort is finding at least one experiment that is truly
reproducible," adds Worledge. "If not perfectly reproducible, then at
least with a high enough success rate for independent laboratoriesto be
able to follow the 'recipe’ and get positive results.” If the hurdle to
reproducibilityis cleared, new investigationsarecertainto beginonthe
metals most compatible with the fusion process and best able to
withstand high electric currents without fracturing or losing their
electrochemical properties.

University of Utah physicist Haven J. Bergeson will collaborate with
Brigham Y oung University physicist Steven E. Joneson astudy of how
the neutron/tritium branching ratiosin cold fusion cells (that generate
positive effects) compare with conventional fusion theory.

Jones and Bergeson plan to operate their electrochemical cells
underground, possibly in amine in Park City, to block out neutrons
caused by the constant bombardment of theearth by cosmic rays. Most
cold fusion experiments claiming positive results report only small
counts of neutrons relative to tritium. Conventional theory holds that
the yields or branching ratios should be roughly the same.

Professor Jones a so discounts excessheat as evidenceof fusion. While
heat values being reported may be accurate, "there is no evidence,
whatsoever, that theheat is dueto fusion. He admits heis "intrigued,”
however, by reportsof tritium (which occurs only in tracesin nature.)

Dr. Milton E. Wadsworth, Dean of the U of U College of Mines and
Earth Sciences, says heis pleased with the cooperation and pooling of
ideas that exists among researchers at NCFI. Wadsworth is one of
Americashighest honored metallurgists and a member of theNational
Academy of Engineering. "The relationship between our metallurgical
group and the physical people headed by professor Bergeson, for
example, is excellent. "We are collaborating very closdly."

The exchangeof informationis beneficial to both groups. "A year ago
everythingwas unsettled. Nobody knew wherethey wereheaded. Now
wereseeing a quiet, steady evolution of science, the kind of effortthat's
going to produce important and revealing data.”

Dr. Fritz Will addsthat the hype that existed in thefirst few weeks and
months after the Pons-Fleischmann  announcement is over.
Laboratories with no little or experience in electrochemistry were
among those which had jumped into the research frenzy, hoping to
duplicate the effect because of the potentially enormous economic and
scientificimplications. "But astime elapsed, and asmany failed to find
positiveresults,they endedtheir experiments, leaving theeffort tosome
of themore established |aboratories and to the scientists most seriously
interestedin the subject." Will says researchis now ina"solid, gradual,
and systematic" mode.

Wadsworth's team has shifted its primary focus away from heat
measurements toward the search for cell start-and- stop capabilities.
Another research objectiveis thepossible roleof material propertiesin
touching off the elusive heat excursions and particle emissions. Last
May, Wadsworth's group became the first on theUniversity campus to
independently confirmthe kind of excessheat readings first reported in
the Pons-Fleischmann experiments.

Dr. Gary M. Sandquist, professor of mechanical engineering at the
University of Utah, says one of the many basic unanswered questions
inthe search for pathwaysto reproduciblefusion at ambient conditions
is
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afull understanding of the physical behavior of deuterons, the nuclei
of deuterium atoms, in palladium and other potential "fusion catalyzing"
metals.

Ina search for answers, some fusion scientists havedusted off a 1935
paper by J. Robert Oppenheimer and M. Phillips, which describes the
unusual behavior and interaction of deuterons with other nuclei.
"Stripping” or removing neutrons from deuterons by particle
acceleration provided scientists in the 1930's with an early source of
neutrons for scientific research. "The Oppenheimer- Phillips model
could possibly account for some of the unusua resultsin some fusion
experiments, particularly the absence of significant neutron yields in
electrochemical cells showing excess heat and in high-pressure gas
experiments,” says Sandquist.

"It'sanuclear process. Wefirmly believethiscould only have anuclear
explanation”, says Fleischmann. "We are convinced there are nuclear
processes, but we are not convinced that it is fusion. That's the
substanceof whatwe've showed sofar. Our positionisexactly thesame
asit waslast spring.”

Fleischmann hopes that strife, if not disagreement, will now begin to
subside so that the search for answersto cold fusion's validity can play
itself out through careful and expanded scientific inquiry. "l hopeit's
the end of the beginning and not the beginning of the end. | hope that
thereis now a sufficiency of work which allowsus to moveforward to
acomprehensive and rational design of new experiments. And | hope,
in the end, that maybe something useful will come of it", says
Fleischmann.

B. COLD FUSION SUCCESSES, ACHIEVEMENTS, AND PRIMARY SOURCES

Thefollowingscientists (principal investigators orauthors) havereported positiveresults incoldfusion experimentsasnoted. Our sourcesof information
are cited by last name. Scientists are listed alphabetically by last name.

1. Appleby (Texas A&M)
Excess Heat: 19.3 W/cm®; May 23, 89.

Source: A.J. Appleby, S. Srinivasan, Y.J. Kim, O.J. Murphy, and C.R. Martin, "Evidence for Excess Heat Generation Rates During Electrolysis
of D OinLiOD UsingaPalladium Cathode - A Microcalorimetric Study"”, Workshop on Cold Fusion Phenomena, Santa Fe, NM, May 23-25, 1989.

2. Bading (Nytone Elec, UT)
Excess Heat: 10%, April, 1989.

Source: Personal communication 5/24/90

3. Bockris (Texas A& M)
Excess Heat: 28% Peak, 20% Average; November, 1989.
Tritium: 7.23x10°, 6x10° dpm/ml; November, 1989.

Source: J.O'M. Bockrisin a presentation to attendees at the 13th Annual Utah Conference on Energy, Mining, and New Technology, U/U Sept
8, 1989 discussed the following: It is suggested that in the electrical field environment of apalladium
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deuteride lattice the nuclei of two adjacent deuteronswill line up asfollows: p-n: n-p. Asa result of statistical tunneling the end result will be p -
n - n: p where the p-n-n becomes the tritium nucleus and the p escapes.

4. Bush (Cal. Poly Univ.)
Excess Heat: 30%; April 1989.

Source: R.T.Bush (Cdl. State Poly. U), "A Transmission Resonance Model for Cold Fusion" Presented at ASME Conference, San Frandisco,
Dec. 10-15, 1989, and personal communication.

5. Claytor (Los Alamos National Laboratory)
Tritium: 1,000 x background; May 5, 1989. Larger amounts of 10%-10° dpm, February, 1990.
Neutrons: 9,000 neutrons /hr high, 4 or 5 neutrons per hour low; April 12, 1989.

Source: Personal Communication, May 24, 1990 and July 31, 1990.

6. Criddle (U of Ottawa)
Excess Heat: Initial burst 23.8%; June 20, 1989.

Sources: Personal Communication on May 22, 1990 and letter on June 5, 1990. E.E. Criddle (U of Ottawa), "Exploratory Experiments
Concerning AnomalousThermal EffectsInThe Palladium-Deuterium System". 176th Electrochemical Society Meeting - Cold Fusion Session, 19-21,
October 1989, Hollywood, Florida

7. Faler (Idaho State U.)
Neutrons: .003 n/sec above background; March, 1990

Source: Personal Communication on May 24, 1990.

8. Hall (Novatek)
Excess Heat: High 16.3%, Average 5.35%, July 18 & 19, 1989

Source: H.T. Hall, (Novatek), "Observation of Excess Heat Production During Electrolysis of LiOD-D,O solution on  aPdladium Cathode', August
22, 1989 unpublished technical papers.

9. Huggins (Stanford)
Excess Heat: 18% max. steady; November, 1989.

Source: A. Belzner, U. Bischler, S. Crouch-Baker, R.M Gur, E. Lucier, M. Schreiber, and R.A. Huggins, untitled invited  paper presented by
Huggins at the Workshop on Cold Fusion Phenomena, Santa Fe, NM, May 23-25, 1989. Also presentation at ASME conference, San Francisco,
Dec. 10-15, 1989, and personal communication.

10. Hutchinson (Oak Ridge Nat'l Lab.)
Excess Heat: 5%; May, 1989. 20%; December, 1989.

Sources: Personal Communication, May 23, 1990. D.P. Hutchinson, C.A. Bennett, R.K. Richards, V. Bullock, IV and G.L. Powdll, "Initial
Calorimetry ExperimentsinthePhysicsDivision atORNL, Proceedings of the First Annual ~ Conference on Cold Fusion", Sdt Lake City, UT, March
28-31, 1990.

11. lyengar, Srinivasan, Venkakeswaren (BARC, India)
Tritium: 78 dpm/ml; December, 1989.
Neutrons. 112.5 n/min; December, 1989.

Source: P. K. lyengar (BARC - Trombay, India) in "Cold Fusion Results in BARC Experiments" (Fifth International Conference on Emerging
Nuclear Energy Systems, Karlsruhe, July 3-6, 1989) states in his summary: "Thevery high  probability for the tritium branch in cold (d-d) fusion
reactions would indicate processes of neutron transfer across the potential barrier aspostulated by Oppenheimer over half a century ago and
elaborated on more recently by Rand  McNally..." [See Oppenheimer and Philips, Note on the Transmutation Function for Deuterons. Phys Rev 48,
500 (1935) ]
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P.K. lyengar and M. Srinivasan (Editors), BARC Studies in Cold Fusion (April - September 1989), Bhabha Atomic Research Centre, Trombay,
India, December 1989. [A collection of twenty papers showing positiveresultsin  the scientific replication of the Fleischmann/Pons work.]

12. Jones (Brigham Young Univ., UT)

Neutrons: .169 neutrons per sec; May 27, 1986. .06 neutrons per sec (energy spectrum also measured); Apr 19, 1989.

Source: J. Rafelski & S.E. Jones, Scientific American, 267, pp 84-89, (July 1987). S.E. Jones, E.P. Palmer, JB. Czirr, D.L. Decker, G.L.
Jensen, J.M. Horne, S.F. Taylor, and J. Rafelski, "Observation of cold nuclear fusion in condensed matter.", Nature, 338, pp 737-740 (1989).

13. Liebert (U of Hawaii)
Excess Heat: 600% to 1200% , using high temperature molten system; Oct., 1989.

Source: Personal Communication, May 24, 1990.

14. Matsumoto (Hokkaido U.) Using ordinary light water.
Neutrons: A little above background; November 13, 1989, using ordinary light water.

Source: Takaaki Matsumoto, " Cold Fusion Observed with Ordianry Water", Fusion Tech., Vol 17, pp 490-1, Mar. 1990.

15. McBreen (Brookhaven Nat'l Lab)
Excess Heat: Unknown; September, 1989.
Tritium: 7 x 103dps/ml; April 22-23, 1989.

Source: Personal communication, May 23, 1990, and June 12, 1990. James McBreen, (Dept of Applied Science Brookhaven Nat'l Lab),
"Absorption of Electrolytic Hydrogen and Deuterium by Pd: The Effect of Cyanide Adsorption".
16. Menlove (Los Alamos National Laboratory)

Neutrons: .01-.1 n/s random events; April, 1989.

Source: Personal communication, May 25, 1990. H.O. Menlove (LANL), "High Sensitivity Measurements of Neutron Emisson from Ti Metd
in Pressurized D, Gas" Proceedings of the First Annual Conference on Cold Fusion”, Sdlt Leke  City, UT, March 28-31, 1990.
17. Miles(Naval Weapons Center)

Excess Heat: Average 17%; Sept 1989, 10%; Nov, 1989, 8%; March 1990. Peaks were 30%, 15%, & 15%.

Source: M.H. Miles, (Naval Weapons Center), "Electrochemical Calorimetric Studies of the Cold Fusion Effect”, Proceedidngs of the First
Annual Conference on Cold Fusion”, Salt Lake City, UT, March 28-31, 1990

18. Noninski (Sofia, Bulgaria)
Excess Heat: >20%; ten experiments, May, 1989. Range 1.6 to over 40 W/cm® of Pd.

Source: V.C. Noninski and C.I. Noninski (LEPGER, Sofia, Bulgaria), "Determination of the Excess Energy Obtained During the Electrolyss
of Heavy Water.", submitted toJ. Electroanal. Chem. (Copy mailed to Fusion Facts, October 25, 1989). Personal communication.

19. Oriani (U of Minnesota)
Excess Heat: 5-20%; July, 1989.

Source: Personal Communication, May 24, 1990.
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20. Pons & Fleischmann (U of UT)
Excess Heat: 53% burst; March 13, 1989.
Tritium; 4.2x10° dpm/ml; March 1989.
Neutrons: Above background; March 1989.

Source: M. Fleischmann, S. Pons, and M. Hawkins, "Electrochemically induced nuclear fusion of deuterium." J.  Electroanal. Chem., 261, pp
301-308, and erratum, 263, p 187 (1989).

21. Sanchez (U. Madrid, Spain)
Tritium: Ave. 1080 to 1230 dpm/ml per hour. Single burst, 4557; June 9, 1989.
Neutrons: 6.7 /hr average; June 9, 1989.

Source: C. Sanchez, J. Sevilla, B. Escarpizo, F.J. Fernandez, and J. Canizares, "Nuclear Products Detection during Electrolyss of Heavy Water
with Ti and Pt Electrodes.", Solid State Communications, Vol. 71, No. 12, pp 1039-1043, 1989. [Authors useaTi cathode, Pt anode, heavy water
with Li,SO, as an electrolyte. After acharging time of about  five days, bursts of neutrons are recorded followed by an increase in tritium
measurements. The conclusion states. "...the observations reported are compatible with the existence of cold fusion processes. However, the
underlying theoretical  mechanism is still unknown. The process has an incubation period of about five days and we havenot yet beenable t o
pinpoint the exact conditions under which it occurs. Although the threefold type of observations leave little doubt as to the existence of the
phenomena, reproducibility still remains poor."]

22. Santhanam (Tata Ingt, India)
Excess Heat: w/Pd 48%, w/Ti 17.6%; April 25, 1989.
Tritium: 48% above background with Pd; April 25, 1989.

Source: Asreported earlierin the September, 1989 issue of FUSION FACTS, an articlein The Indian Post (May 7, 1989) by Michad Neri reports
thefollowing:"Dr. K.S. V. Santhanam, head of the chemical physics department at TIFR (Tata Institute of Fundamental Research, Bombay), said,
"Wealso read thefirst reports of the experiment inthe newspapersand decided to attempt it immediately but changed two important parameters of
the Utah experiment --  titanium in place of palladium and simple sodium chloride for lithium.' On the TIFR;s third attempt (they wrecked two

temperature measuring thyristors while trying), a phenomenal temperature rise of 1 degree C per minute was recorded.”

23. Schoessow (U of Florida)
Excess Heat: >20%; July 1989.
Tritium: 50,000 dpm/ml; April 1989.

Source: Personal communication, May 25, 1990.

24. Scott (ORNL)
Excess Heat: 50% spontaneous, 5-10% ave.; May 5-9, 1989.
Tritium: 3000 dpm/ml; July 1989.

Source: C.D. Scott, J.E. Morchek, E. Newman, T.C. Scott, G.E. Michaels, and M. Petek (Oak Ridge National ~ Laboratory), "A Preliminary
Investigation of Cold Fusion by Electrolysis of Heavy Water.", presented at COLD FUSION - A STATUS REPORT session in conjunction with the
ASME Winter Annual Meeting held in San Francisco, CA, December 12, 1989. (Oak Ridge National Laboratory Publication ORNL/TM-11322
available from NTIS, Dept of Commerce, 5285 Port Royal Rd., Springfield, VA 22161.)

25. Storms & Talcott (Los Alamos National Laboratory)
Tritium: 1.5 to 80 times starting concentrations; Dec. 1989

Edmund Stormsand Carol Tal cott (Nuclear Materias Div, LASL), "Electrolytic Tritium Production”, Paper LAUR:89-4138, Draft Released Dec.
1989, 19 pages, 23 refs. [Abstract: 53 electrolytic cells of various configurations and electrode compositions have been examined for tritium
production. Significant tritium has been found in eleven cells]
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26. Tanigucho (OPRRT, Japan)
Neutrons: 5 times background; July 19, 1989.

Source: Ryoichi Taniguchi, (Osaka Prefecture Radiation Research Ingtitute), "Detection of Charged Particles Emitted by Electrolyticaly Induced
Cold Nuclear Fusion", Japanese Journal of Applied Physics, Nov. 9, 1989, Vol 28, No 11.

27. Wada (Nagoya U, Japan)
Neutrons: 2x10* times background; August 9, 1989.

Source: Nobuhiko Wada and Kunihide Nishizawa (Nagoya Univ), "Nuclear Fusion in Solid", Japanese Journal of Applied Physics, Vol 28,
No 11, November 1989, pp L2017-L 2020, 3 refs., in English.

28. Wadsworth (U of Utah)
Excess Heat: 50% in burst; May, 1989.

Source: Personal communication, also in Deseret News article.

29. Wolf (Texas A&M)
Tritium: 108 dpm/ml; May 1989.
Neutrons: 100 n/min; January 1990.

Sources: K.L. Wolf,N.J.C. Packham, D.R. Lawson, J. Shoemaker, F. Cheng, and J.C. Wass (Texas A & M), "Neutron Emission and the Tritium
Content Associatedwith Deuterium Loaded Palladium and Titanium Metals.", Proceedings of the Workshop on Cold Fusion Phenomena, May 23-25,
1989, Santa Fe, NM.

Personal Communication: June 1990.

31. Yeager (Case Western)
Excess Heat: 5-10%; June 1989.
Tritium: 100 dpm/ml; June 1989.  Source: Persona communication: 5/25/90

NOTE: Many other scientists have reported positive resultsin replicating the FPE. Aswe obtain copies of their papers or answersto our letters, wewill
add their time and successes to our charts and source references.

NOTE: FUSION FACTS wishesto thank Dr. FritzWill (National Cold FusionInstitute) and his staff and Dr. Edmund Storms(LANL) for sharingtheir
lists of cold fusion successes.

THE FOLLOWING THREE CHARTS DEPICT THE DEGREE OF SUCCESS AND THE TIME PERIOD AT WHICH SUCH SUCCESS WAS
ACHIEVED. CHARTS FOR EXCESS ENERGY, NEUTRON EMISSION, AND TRITIUM PRODUCTION FOLLOW:
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CHART OF EXCESS ENERGY

|
<-- % Above Break Even

1200 < 600-1200
600 > (Liebert)
< high temp
| molten system.
60 | Verba report, no
published data
53
50 | (Pons) 50sp
(Scott& Wadsworth)
48Pd

40 |  (Santhanam)

30| 30 30pk
(Bush) 24 (Miles) 28pk/20av
(Criddle) >20 (Bockris)
>20 (Schoessow)
20 | (Noninski) 20

(Hutchinson)

176Ti 16.3h 17ave 18
15| (Senthanam) (Hall) (Miles) (Huggins) 15 pk

Miles)
10 ave
10 | 5-20 (Miles)
(Balding) 5-10 (Oriani)

(Yeager) 8 ave

5-10su  5.35av (Miles)
5 (Scott)  (Hall)

5 (Hutchinson)

1-2
19.3W/cm"3 of Pd (Droege)
(Appleby)

Break|
Even |

Mr Ap My Jn J Au Sp Oc No Dc Jn Fb Mr
1989 1990

Thefollowing scientists reported excess heat but thetime & amountswere not available: Byelorussian State U, Cai, DeMaria, Gozzi, Kishan, Kuzmin,
McBreen, McKubre, Milikan, Ohta, Riley, and Werth.

LEGEND: av=average; h=high; pk=peak; sp=spontaneous; su=sustained; Ti=titanium cathode; >=greater than.

NOTE: All experiments used palladium unless otherwise noted.
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CHART OF NEUTRON EMISSION

|
15 | <-- Neutrons Per Second

12.6
(Sanchez)
10 | 10.98
(Wada)
5 x bg (Taniguchi)
5|
2.0
25hi (lyengar, Srinivasan, | (Claytor) & Venkakeswaren) 1.66
1].169 (Wolf)
(Jones) .06sp
May '86 (Jones) .003
(Faler)
.01-1
(Menlove)
.00138 Iw above bg
Back | (Claytor) using light water
Ground | (Matsumoto)
May Mr Ap My Jn J Au Sp Oc No Dc Jn Fb Mr 986 1989 1990

The following scientists measured neutrons above background.
Detailed reports being sought: Alquasmi, Bertin, Blanco, Cai, Celani, DeMaria, Gozzi, Jorne, Kishan, Kuzmin, Mathews, Milikan, Mizzuno, Palamalai,
Raghaven, Sanchez, Santhanam, Scaramuzze, Tanigucho, Zelensky.

LEGEND

hi=high

Iw=low

sp=energy spectrum measured
bg=background level

Note: Experiments used both palladium and titanium. Many of the neutron-producing experiments used gas-loading, others used el ectrochemical cells.
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| <-- Counts per minute per ml.
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(Sanchez)
1003 | 10°
(Claytor)
1002 | 102
(Yeager)
10M |
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CHART OF TRITIUM PRODUCTION

Ap My Jn J Au Sp Oc No Dc Jn Fb Mr

1989 1990

Thefollowingscientists reportedtritiumproduction. Detailed reportsare being sought: Alquasami, Cherepin, Gozzi, Kuzmin, McKubre, Moraes, Riley,
Scaramuzzi, Seminozhenko, Zelenskiy.

NOTE: Nearly all tritium production used Pd.

NOTE TOREADERS: Pleasecall or write Fusion Factsfor additions or changesto these charts. Phone (801) 583-6232 or Fax (801) 272-3344. Thanks.

Ed.
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C. FUSION NEWS FROM THE U.S.

NAVAL RESEARCH LAB - DEUTERON SPACING

B.l. Dunlap, D.W. Brenner, R.C. Mowrey, JW. Mintmire, and C.T.
White (Naval Res Lab), "Linear combination of Gaussian-type-
orbitals-local-density-functional cluster studiesof D-D interactionsin
titanium and palladium", Phys Rev. B, Vol 41, No 14, pp 9683-9687,
33 refs,, 15 May, 1990.

ABSTRACT

Linear combination of Gaussian-type orbitals (LCGTO) -
local-density-functional (L DF) cluster calculations givethe interaction
energy of two deuterium atoms in the interstices of titanium and
palladium. Octahedral and tetrahedral interstices of the
face-centered-cubic (fcc) lattice are modeled by six and four metal
atoms, respectively. No short equilibrium separations, compared to the
gas-phaseequilibrium separation, arefound even when expansion of the
lattice and loading with additional deuterium and meta atoms are
considered. The deuteron affinities of these clustersarein accord with
the experimentd site preference.

CONCLUSION

Theeffectiveinteraction between deuteronsin both intersticesin both
Pd and Ti is found to be more repulsive than in free molecular D,
Alongdirections of least repulsionin all four interstices both deuterons
repel each other out of the interstitial volume. In this work, the above
conclusion has been tested in three new ways. First, two different
LDF'sagree in predicting this repulsive interaction. Second, we have
considered the fact that both lattices expand asthey absorb deuterium.
Expandingthetitanium lattice givesmore roomfor thedeuterium atoms
to push each other further apart. Third, loading the expanded lattice
with spectator deuterium atoms also does not squeeze two deuterium
atomstogether. Combinedwith our earlier work that included empirical
potentials and ab initio calculations, we believe it unlikely that any
theoretical approach to this problem would find a stable static
configuration that coul d squeezetwo deuteronseven as closeasthey are
in the free D, molecule.

COMMENTS

The authors may want to consider the probability for a "hopping" or
itinerant deuteron to fuse with or come closer to a deuteron trapped in
thelattice. It does not appear fruitful to expect "trapped" deuteronsto
fuse. Thewaverather than the particle approach may be amorefruitful
view of deuterons (or protons) traveling or hopping in a metal lattice.

COLD FUSION POWER PLANT -REUTER

Andrew Stern (Chicago), "Utah Researchers Aiming for Small 'Cold
Fusion' Power Plant", Reuter News Wire 24 April 1990.

Thisnewsreport stated: CHICAGO, REUTER - Building asmall-scale
"cold fusion" power plant by the end of the year is the goa of the
research team that claimed to achieve nuclear fusion at room
temperature just over ayear ago, the scientist overseeing the research
said Tuesday.

Dr. James Brophy, vice president of the University of Utah research
institute formed to study theas yet unexplained process, said thesharp
criticism directed toward chemists Stanley Pons and Martin
Fleischmann hassoftened. Themodel power plant would thintheranks
of skeptics, he said.

"Ponsand Fleischmann have hopes of building a100-watt power plant
by theend of the year that they canturn on and off at will." Brophy said
a aconference of the nation'sutility executives and engineers. "l think
they might be alittlepremature (regarding thetiming), but I'm not going
to criticize them,"" he said.

There have been dozens of attempts at the University of Utah and in
laboratories around the world to reproduce the simple experiment.
Someresearchershave declared theexperiment was afraud while others
said some type of low-level nuclear fusion had taken place.

Thescientistsworking in Utah caused an uproar last March when they
firstreported discovering asimple experiment that created more energy
than it consumed. The result held open the possibility that a source of
pollution-free and unlimited energy had been found.

Nuclear fusion, the force that powers the sun, occurs when atoms are
fused together rather than broken apart, asthey are in nuclear reactors.
But fusion research, up until the Utah experiment, concentrated on
achievingit at extremely hightemperatureslike thosefound inthe sun.

Scienti stsresearching room temperaturefusion have observed sustained
emissions of energy up to 40 times theamount of energy consumed in
theexperiment, Brophy said. The surges have lasted for hours or even
daysbut then ceased for no apparent reason, leaving scientists baffled,
he said.

Ponsand Fleischmann hope to be able to control the process, and are
experimenting with putting the elements under pressure, Brophy said.

For now, the cold fusion researchers have attained the equivaent of
boiling water, he said, but someday there may be fusion-powered
homes, cars, and space vehicles.

Theuniversity'sresearch ingtitutehas been funded by a$5 million grant
fromthe stateof Utah, but Brophy saidseveral companieshave offered
to join the project, which could in turn encourage federal funding.
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COLD FUSION - NEW PHYSICS

Hal Fox, "Understanding Cold Fusion As a New Physical Principle",
21st Century Science and Technology, Spring 1990, pp 14-15, 4 refs.

COMMENTS

Fox discusses eight major stumbling blocksthat have prevented many
traditional scientists from recognizingthe redlity of cold fusion. Fox
pleads for more exchangeof information among researchers asfast as
new discoveries are made.

AT STANFORD FUSION WORKS

K.L. Zondervan, "Cold Fusion Works At Stanford University!", 21st
Century Science and Technology, Spring 1990, pp 16-22.

One of the first researchers to announce that he had replicated the
Fleischmann-Ponscold fusion effect (anomal ous heat) was Dr. Robert
A. Hugginsof Stanford University'sSolid-statel onics Laboratory. 21st
Century staff reports on an interview with Prof. Huggins. One of the
most interesting observations by Dr. Huggins was in response to the
question about the difficulty of replication, "Might other labs have
difficulty in thisregard?'. Huggins responded, "I think they could do
itif they chose to. ... But if you talk to people like Nate Hoffman (at
Rockwell International Corp.) who haslooked at the materials used by
various people and looked at what shows up on the surfaces after
they've been treated in various different environments, you find that
there'satremendous variation, andit's not surprising that the behavior
should be very different. And, also, some of the people who have
reported negative results, have, we believe, been running their
experiments in ways that are not in the regime in which we would
expect to see excess power."

The article ends with the following quote from Professor Huggins, "I
believe that anybody who feels that the whole thing is an
experimental artifact has got his head in the sand."

TRITIUM AND EXCESS HEAT AT TAM

Marjorie Hecht, "'Something' isProducing Tritiumand Excess Heat",
21st Century Science and Technology, Spring 1990, pp 23-27.

Marjorie Hecht interviews Dr. Nigel Packham who is part of the cold
fusionteamat TexasA& M. Packhamreportsonacell that isproducing
both tritium and excess heat. The tritium accounts for about 1/1000th
of the excess

heat. Packham points out some small differences between his cell
construction that is producing copious amounts of tritium and the cell
construction at the National Cold Fusion Institute inwhich lesstritium
isbeing produced. Packham also points out the current difficulty of
obtaining fundsto continuewith cold fusionresearch. He stressesthat
thedifficulty ingetting results takesalots of careful work plusadegree
of patience. Packham also cites the use of nickel for the anode (with
palladium as the cathode) that appears to favor the production of
tritium. The amount of tritium produced has been measured at 10,000
to one million times the background tritium levels.

COMMENTS

Onefactual observation that is commonto nearly all of the cold fusion
experiments is the skilled attention to fine detailsin order to replicate
observed effects. The problem is that scientists are still finding out
some of the factorsthat cause or block the onset of cold fusion. While
thisissue of Fusion Facts was in preparation, we received word from
Dr. Wolf that there had been sometritiumfoundin at |east one of thePd
samples similar to those used in the tritium-generating cells. Dr. Wolf
stated that the amount was much below theamount of tritium that had
been produced but was a surprise and a concern. The Wall Street
Journal wasfollowed by the New York Times in making abig story out
of thisrather minor finding. One scientist was reported by the New
York Times as proclaiming this event being thelast nail driveninto the
cold fusion coffin. Some are anxiousto bury cold fusion. Stay tuned
for latest developments. Ed.

IMPURE PALLADIUM RODS AT TAM

Jerry Bishop, "Scientist Says'Cold Fusion' TestsMay Have Had Some

Impure Rods", Wall Street Journal, June 7, 1990.
COMMENTS

Bishop reports that Kevin Wolf, a physicist in the Cyclotron Lab at
Texas A& M, reports that at least some of the palladium rods used in
cold fusion experiments might have been contaminated with tritium.
The important statement, accurately relayed by Bishop (but
subsequently greatly distorted by other publications) is the following:

"The surprising discovery is likely to add new confusion and
controversy to the cold fusion work, although scientists said it doesn't
undermine other evidence that some kind of strange phenomenon is
occurring in various cold fusion experiments.

"...In the past year, as many as two dozen laboratories have reported
findingtritium intheir cold fusion experimentsthat wasn't present at the
beginning of the experiments.”



JUNE 1990

FUSION FACTS 15

"...All the tritium-contaminated pieces, he said, came originally from
Hoover & Strong, Inc., a metals processor in Richmond, VA."

Bishop reports the following from Dr. Bockris at TAM:

"...'I've been thinking about it for two days.' he said. But, he added, 'l
haven't changed my mind.' that the tritiumin his experimentsiscoming
fromsomekind of nuclear reaction. He explained that heand others[at
TAM] had pondered some ‘worst case' scenarios involving tritium-
contaminated palladium and none of the scenarios produced as much
tritium as he has found in his experiments.”

Itisunlikely that tritiumwithin a palladiumrod immersed inan el ectro-
chemical cell (designed to forcedeuterium into the cell) could provide
ameans by which the tritium would leave the palladium and enter the
cell electrolyte. In other words, it is not expected that a palladium rod
loaded withtritiumand maintained as thecathodeinacell could unload
itstritium into the electrolyte.

Bishopwasright in suggesting that this report could add new confusion
to the cold fusion discussion. This report has elicited such comments
as"thisisthelast nail to bedrivenin thecold fusion coffin". Immature
or prejudiced scientists will be quick to leap on this finding as
destroying credibility in cold fusion. Mature scientists will seek to
determine how much effect the small amount of tritium found in the
palladium would have on the end measurements of tritium.  Ed.

MIT TECH TALK

Eugene F. Malove (MIT News Office), "One Year Later. The Cold
FusionMystery Continues', MIT Tech Talk, Vol 34, No27, Wed. April
11, 1990.

COMMENTS

Dr. Mallove attendedthe First Annual Cold Fusion Conference at Salt
Lake City and reported on some of the findings. Mallove quotes Dr.
Petrasso (who also attended the conference), "I believe the claims of
excess heat as directly attributable to nuclear fusion processes are still
without substance."

Mallove correctly observes: "One of the most annoying factorsin the
experimental work, many would agree, isthe lack of reproducibility at
will of many of the results. They can be duplicated, but still not in
every case.  Some researchers require runs with many cells before
getting an observed effect in some cells, others see effects more
consistently.”

Mallove continues, "An indication of why this may be happening was
provided in numerous electron microscope views of palladium
electrodes taken before and after operation. Researchers provided
ampleevidence that the surfaces of the rods are of great physical and
chemical complexity. There are thoughts that the effects, if any, may
occur in peculiar localized regions.”

Mallovealso quotes Nature's comment by Dr. David Lindley, "What
wasreprehensible a year ago hasbecome absurd....\Would a measureof
unrestrained mockery, even a little unqualified vituperation have
speeded cold fusion's demise?".

Mallove also gave Fleischmann and Pons' retort: "If Lindley doesn't
havethetimetocomenow to Utah togather information firsthand, then
why doesn't heat least have the sense to use that well-known shortcut
of establishing the scientific credentials of the believers and non-
believers, namely the Citation Index?".

NATURE

"Cold Fusion Gets the Cold Shoulder", Business Week, April 9, 1990,
page 51.

This short article notes the irony of the publication by Nature of a
negative article just in time for the First Annua Cold Fusion
ConferenceinSalt Lake City, Utah. Article quotes Solomon as stating,
"We didn't see thetiniest peep of any known fusion reaction.”

A REVIEW OF METAL FORMING
(Courtesy of Dr. Samuel Faile)

Margaret Hunt (Assoc. Ed.), "Casting About for New Applications’,
Materials Engineering, May 1990, pp 33-37.

ABSTRACT

Automotive and aerospace casting applications are increasing in
number as new processes and aloys offer closer tolerances and
improved properties at reduced costs.

COMMENTS

This article summarizes the state of the art in practical meta casting
technologies. Some of the newer techniques may be applicable to
forming fusion cell components or parts. New methods of
vacuum-assisted casting can form thin webseven using stainlesssteels
or form single-crystal castings.

TITANIUM CASTING FACILITY
(Courtesy of Dr. Sam Faile)

"Total Capability in Titanium Investment Casting", Metallurgic, Vol
56, No 4, April 1990, pp 189-190.

ABSTRACT

This article focuses on the Howmet Corporations's metal-to-finished
part capability in the production of lightweight, rugged and
corrosion-resistant titanium investment castings, primarily for aircraft
engine and airframe applications and for medical implants. The
corporations's high technology equipment and processing
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facilities reflect the current state-of-the-art worldwide in advanced
precision casting for this material.

COMMENTS

Metallurgic isaBritishpublication but thearticle featuresthe Howmet
Corporation of Greenwich, CT.

HOT EARTH BY COLD FUSION?
(Courtesy of Dr. Sam Faile)
SteveNadis, "ThisPlaceisRedly Hot, Dude", OMNI, June 1990, p 40.

COMMENTS

For scientists considering the effect of geologic fusion on the
sub-surface earth'sheat thisreport on the "much hotter than expected”
forecast of earth's molten core may beof interest. Article citeswork of
Raymond Jeanl oz at the University of California- Berkeley concluding
that the earth's core is hotter than the face of the sun - about 12,000
degrees.

FICTION: OVER FLAT MOUNTAIN
(Courtesy of Dr. Samuel Faile) Terry Bisson, "OVER FLAT
MOUNTAIN", OMNI, June 1990, pp 48-87.

Oneof thefirst fiction stories inwhich cold fusion is mentioned - earth
deformation.

LETTERS FROM READERS
EXCESS HEAT TAPERS OFF

Ernie Criddle, Principal Investigator of Cold Fusion, Centre
Scientifique et Technol ogique en Electrochimie, University of Ottawa,
May 29, 1990.

Inresponsetoour query, Criddle submitted thefollowing letter: ...We
achieved excessheat froman electrochemical cell (O.2M LiODinD ,0O)
using a 6.35 mm dia. x 2 cm. Pd rod as cathode and Pt anode as
described in the attached paper [1].... Our experiment started on April
21, 1989; it was shut down from 24 to 27 April and then re-started.
Excessheat appeared on June 20, 1989 (day 46 of the run). For the
first46 dayscell heating amounted to 5.36 deg C/watt for the 187.5 mA
X (3.981 volt- 1.54 volt gas evolution correction) input energy. After
abrief current interruption on day 46, cell heating amounted to 6.64
°Clwatt at the same cell current and voltage. The difference of 1.28
°Clwatt wasa 23.8%increase. A second current interruption on day 52
resultedin avery small loss of heating. The excess heating tapered off
to amost nothing by day 61 after 15 days of excess heating. The
average excessheat wastherefore about 24% tapering to nothing in 15
days. Our original observationscompared heating in a D,O cell with
heating in an HO cell. Bockris's

comments following the Electrochemical Society meeting suggested
that heating out/heatingin would provide a more valid observation for
comparison with others so | re-calculated results and use this data for
the excess quoted above."

COMMENTS

Discussions and papers on successful cold fusion experiments are
showing more evidence that the excess heat can, in severa cases,
changedramatically with time. Since the report that ®Li decreaseswith
respect to "Li in the electrolyte of aworking cell, there is speculation
that alithium nuclear reactionwith deuterium may be responsible for
the decrease in excess heat as the ®Li is expended. However, ref [1]
data, while showing some small change in SLi to “Li ratio, does not
support the decrease in excess heat as a function of °Li decrease.

[1] W.A. Adams, E.E. Criddle, and V.S. Donepudi (U of Ottawa),
"Exploratory ExperimentsConcerning Anomalous Thermal Effectsin
the Palladium-Deuterium System”, paper presented at 176th
Electrochemical Society Meeting, Cold Fusion Session: 19-20 October
1989, Hollywood, Florida.

CRIDDLE AND TRITIUM - CORRECTION
Inaletter on June 5, 1990 to Dr. Edmund K. Storms (LANL), Criddle
adds the following information:

"...That experiment [see above] did not analyze exhaust gases for
tritium. Tritium levels in the electrolyte amost doubled during 14
weeksasexpected by the evolutionof deuterium from heavy water. We
did not establish that tritium had formed at all so any thoughts about
tritium formation and run down according to the recent findings of
others would be pure speculation.

We have amost completed a second experiment in which we
recombined and saved exhaust gases but we did not measure cell
heating. Tritium analysesare pending so | cannot comment on whether
our techniques have produced tritium or not."

FUSION FACTS apologizesfor theerror in our May issuein whichwe
credited Ernie Criddle'steam with producing tritium in excess of that
concentrated by electrolysis. Ed.]

PITS DESTROY EXCESS HEAT
Note from Dr. Samuel Faile

"In atelephonediscussion with Dr. Y eager of Case Western Reserve,
he said that pits in the palladium cathode can kill the cold fusion
reactions. Largevisible pitsareaproblem. Small pitsor voids smaller
than those that can be seen by an optical microscope can a so prevent
acold fusionreaction. Perhaps this insight is an explanation of why
some el ectrodes never produce excess
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heat even though otherswith anidentical composition produce excess
hwlll
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D. FUSION NEWS FROM ABROAD

CANADA - NO d-t FUSION
Courtesy of Dr. Samuel Faile

J.R. Southon, JW. Stark, J.S.Vogel, and J.C. Waggington (McMaster
U. Hamilton, Ontario), "Upper limit for neutron emissionfrom cold d-t
fusion", Physical Review C, Vol 41, No5, pp R1899-1900, May 1990,
11 refs.

ABSTRACT

Reports that fusion of hydrogen isotopes may occur at  room
temperatureduringtheelectrolysisof D,O led usto investigate possible
d-tfusion reactionsinan electrolysis cell with atritiated Ti cathode. A
search for 14-MeV neutrons from this reaction, using an NE213
scintillator detector and pul se-shape di scriminati on techniques, showed
no significant deviations from background levels. We derive an upper
limit of 10 per second for the fusion rate per d-t pair.

COMMENTS

In the final paragraph the authors note: "It should be noted, however,
that attempts to duplicate the earlier d-d experiments revealed no
statistically signifi cant neutron fluxes above background. Either the
earlier resultsare in error, or reaction rates for cold fusion processes
(including d-t) may depend critically on subtle differences in
experimental conditions.”

FROM CHINA
THEORY - NON-EQUILIBRIUM PROCESSES
Courtesy of Dr. Samuel Faile

By Dr. Shang-Xian, Jin, Yi-bing, Ding, Yong-zhen, Liu, Bai-lu, Wu,
and De-cheng, Yao (Dept. of Physics, Graduate School, Academia
Sinica, Beijing, China), "Rateof Cold Nuclear Fusion of Deuterium in
Paladium", Chinese Physics Letters, January, 1990.

ABSTRACT

Possible mechanisms of deuteron-deuteron fusion during electrolytic
infusion of deuteronsintometallic palladium el ectrodesare studied and
rough estimations of thefusionrate are made. Thedeuteronionsinthe
palladium lattice form a strong coupled plasma in which there is a
strong screening effect induced by correlations between ions. Our
calculation shows that theeffect enhances the fusion rate by a factor of
~10 for the equilibrium deuteron system and of ~1C* for a deuteron
molecule in the paladium at room temperature and atmospheric
pressure. However, the total fusion rate, whichis ~10-13 cnt® sec* and
~10“ sect respectively in the above situation, are still very small and
cannot

reach the level which can be measured experimentally. Therefore, any
positiveresult of cold D-D fusionin palladium, if it could be measured
in some experiments, can only by caused by some non-equilibrium
processes in which some relatively high energy and/or high density
regions of deuterons are locally produced.

SUMMARY

The deuterium ions absorbed by the palladium cathode during the
electrolytic process of heavy water form a strong-coupled plasma in
which there is a strong screening effects induced by correlations
betweenions. Sincetheeffectsreducethebarrier of Coulomb potential,
therateof D-Dfusion issubstantially increased. Our calculationsshow,
however, that thetotal rate of nuclear fusionat normal temperature and
pressure is il very small and could not reach the level which are
experimentally measurable. A considerable rate of fusion could,
therefore, be produced only by some non-equilibrium processes in
which some relatively high energy and/or very high density region of
deuteriumions arelocally produced. L atticedefect, some specid lattice
structureby impuritiesand plasmainstabilities, etc., may bethe causes
of the non-equilibrium processes.

NEWS FROM INDIA
(Courtesy of Subbiah Arunachalam)

S. Arunachalam, "Cold Fusion - Hot on the Trail", Economic Times,
New Delhi, May 23, 1990, 1 page.

COMMENTS

Arunachalam (Editor of Indian Journal of Technology) reportson Dr.
lyengar's (Director of BARC, Trombay, India) visit to Sat Lake City
and attendance at theFirst Annual Cold FusionConference. Thearticle
cites lyengar comments on the unpredictable behavior of cold fusion -
"For him [lyengar] it isjust another natural phenomenato be explored
andunderstood”. Heisalso critical of Naturefor not having accepted
the Pons-Fleischmann paper which was later submitted to the Journal
of Electroanalytical Chemistry.

INDIA - NEUTRON BURSTS
(Courtesy of S. Arunachalam)

BikashSinha, Y.P. Viyogi, S. Chattopadhyaya, M.R. Dutta Mazumdear,
B.S.N. Murthy, G. Muthukrishnam, T. Bandyopadhyaya, M.D. Trivedi,
D. Ghosh, & D.K. Srivastava (BARC), and P. Sen (Sahalnst. of Nucl.
Phys, Calcutta), "Observation of Neutron Bursts in Electrolysis of
Heavy Water", Indian Journal of Technology, Vol 27, June 1989, pp
275-277, 3 refs.

ABSTRACT
Inan attempt to create conditions for the occurrence of cold fusion of

deuterium, we have observed bursts of neutrons in the electrolysis of
heavy water using
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both palladium and titanium as cathodes. The bursts are several times
above background, last for about five minutes and are aperiodic.

COMMENTS

Theseexperimentsused Pd foil or Ti rod and asmall amount of sodium
chloride inthe heavy water. Threelevels of current were used, 15, 30,
and 40 mA/cn?. No bursts of neutrons were observed at the lower
current. At least four bursts of neutrons at 4 to 6 times background
were recorded. A gradual risein temperature was noted (up to 53 deg
C for Pd and 40 deg C for Ti).

ITALY - LATTICE COLLAPSE MODEL
Courtesy of Dr. Samuel Faile

E. Tabet, and A. Tenenbaum(L ab. Fis. Inst. Rome), "Nuclear reactions
from lattice collapse in acold fusion model”, Physics Letters A, Vol
144, No 6-7, 1990, pp 301-305.

ABSTRACT

A model is proposed which accounts for cold fusion processes on the
basis of a lattice collapse, induced in a deuterated meta by a
thermodynamicinstability. A deuteron drag phenomenon enhancesthe
nuclear reaction yield. The neutron emission is given as afunction of
thermodynamics parameters of the metal-deuteride system.

JAPAN - ON-OFF EFFECT
Courtesy of Dr. Samuel Faile

Y.ArataandY.C. Zhang (OsakaU.), "'Cold' fusion caused by a weak
‘on-off effect™, Proc. Japan Academy, Series B, Vol 66, No 2, pp
33-36, in Engl.

ABSTRACT

A substantial on-off effect was discovered in a Pd cathode during
continuous electrolysis of DO. The temperature of the Pd is brought
past the boiling point of the eectrolyte to greater than 110 deg C,
resulting in an explosive release of D, from the cathode surface (off
effect) in an endothermic reaction. When the Pd cathode is cooled to
80 deg C, there is arapid absorption of D, (on effect) in an exothermic
reaction, andthePd temperaturerises. Thecycle can repeat, generating
a strong spontaneous on-off effect. The phenomenon was used to
produce an intense cold fusion reaction with observations of neutrons.

FROM JAPAN
ABSORPTION OF HYDROGEN ISOTOPES
Courtesy of Dr. Samuel Faile

N.Mitshuishi, S.Fukada, and N. Tanimura(KyushuUniversity, Japan),
" Absorption Breakthrough of Hydrogen Isotopes In Inert GasMixture
and DesorptionCharacteristicswith Zr-Ni Alloy Particle Bed", Journal
of the Less-Common Metals, Vol 123, 1986, pp 65-74.

SUMMARY

Ametal particle packed bedis oneof themost effective methodsfor the
selectiverecovery of hydrogen isotopesin an inert gassuch asargon or
helium. An effective and convenient alloy might be Zr-Ni. Zr-Ni
particles, 80-120 mesh, were packed in acolumn 20 mm in diameter,
throughwhich H,-Ar orH>D »Ar gasmixturesat50 °C. Theabsorption
characteristicswere obtained, and the desorption rates of thehydrogen
isotopes for the alloy were also obtained in flowing argon gas at 400,
600 and 800 °C. It was found that the absorption and desorption rates
are very fagt, largeamounts can be absorbed, and the activation of the
Zr-Ni aloy should serve asagood absorbent of the hydrogenisotopes,
including tritium, at room temperature.

CONCLUSIONS

Studi esonthesel ective absorption and desorptionof hydrogen isotopes
were carried out using H,-Ar and H,-D,-Ar gas mixtures flowing
through a Zr-Ni particle bed at 50 °C under around one atmosphere
pressure. The results obtained are as follows.

(1) The Zr-Ni can absorb comparatively large amounts of hydrogen
isotopesat around roomtemperature. The rates of the absorption and
thedesorption arevery fast, and theactivation of the Zr-Niis very easy.
Thereforeit may be used as an absorbent of the hydrogen isotopes at
around roomtemperature. It will also be a promising technique for a
recovery system of the hydrogen isotopes such as tritium at room
temperature.

(2) Theapparent equilibriumamounts of absorption obtained fromthe
experimental breakthrough curveshave atendency todecrease dightly
withan increase of the gasflowrates. It wasfound that the equilibrium
amounts of absorption at u = 0 extrapolating the experimental data or
the apparent amounts were expressed against hydrogen concentration
by a power type isotherm.

(3) No isotope effect was found on the hydrogen isotopes in the
experimentsusing H, and D, gases. Therefore the experimental results
obtained may be applicable to the engineering design of tritium
handling facilities.

COMMENTS

The data reported in this paper may have some relevance in the
selection of alloys for experimental
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work in cold fusion - especially after we solve the problems with the
present use of Pd as a cathode. Ed.

FROM JAPAN

PARTICLE BED ABSORPTION OF HYDROGEN

Courtesy of Dr. Sam Faile

By Nobuo Mitsuishi, Satoshi Fukada and Katsuya Kuroiwa (Dept. of
Nuclear Engineering, KyushuU niversity, Japan), " Selective Absorption
of Hydrogen Isotopes In An Inert Gas In A Zirconium Particle Bed",
Journal of Less-Common Metals, Vol 113, 1985, pp 23-31.

Theselective absorption and recovery of hydrogen isotopesin an inert
gas a 400 °C and their desorption a 800 °C were experimentally
investigated using a zirconium particle packed bed. The gases used
wereH -Ar, D ~Ar and H,-D,-Ar mixtures. The absorption rates of the
hydrogen isotopes were found to be fast enough for this absorption
method to be used as a hydrogen recovery process in the fuel cycle of
afusion reactor. The length of the absorption zone for D, in the
zirconiumbed isabout twice that for H,. The hydrogen isotopesinthe
H,-D,-Ar mixture break through in the sequence D,, HD and H,. This
isbelieved to be because the absorption rateand solubility of H, are
greater than thoseof D,. The experimental resultsfor the desorption of
hydrogenisotopesaredescribed fairly well by Fick'sdiffusion equation
for azirconium particle.

CONCLUSIONS

The selective absorption and desorption of hydrogen isotopesin an
inert gas were experimentally investigated using a zirconium particle
packed bed. The results obtained are as follows.

(1) The rateof hydrogen absorption in a zirconium bed is very fast
under the experimental conditionsemployed in thiswork (particlesize,
100 - 120 mesh; superficial velocity of the gas, 1.6 - 2.75 cm s?;
temperatures, 400 °C). The hydrogen absorption zone is very short
andthe ratecontrolling step of hydrogenabsorption is considered tobe
hydrogen diffusion in the zirconium particles.

(2) The capacity coefficient of H, ina zirconiumpacked bed isabout
twice that of D,.

(3) If H, and D, gases flow through a zirconium particle bed, the
breakthrough of D, gas occurs first followed by HD and H..

(4) The experimental datafor hydrogen isotopedesorption at 800 °C
are described by a solution of Fick's diffusion equation.

(5) The residua amount of hydrogen isotopes in the bed
approximately zero and the bed can easily be regenerated.

FROM JAPAN
ABSORPTION & DESORPTION OF HYDROGEN
Courtesy of Dr. Sam Faile

ByN. Mitsuishi, S. Fukada, H. Tokuda, T. Nawataand Y. Takai (Dept.
of Nuclear Engineering, Kyushu University, Japan), "Absorption
Breakthrough of Hydrogen Isotopes and Desorption In A
Zirconium-Vanadium Particle Bed", Fusion Engineering and Design,
Vol 10, 1989, pp 343-347.

ABSTRACT

Selective absorption of hydrogen isotopes in an inert gas such as
helium or argon is an important operation in the fuel cycle of a D-T
fusion reactor. A process utilizing a zirconium-vanadium particle bed
was investigated experimentally and numerically as one of the most
effective methods for hydrogen isotope absorption. The diffusion
equation in the solid and the material balance equation in the bed were
computed smultaneously. It was found that the numerical results are
in good agreement with experimental data for various bed conditions.
The hydrogen concentration at the outlet of the bed were less than 1
ppmand ZrV , canabsorb comparatively large amountsof hydrogen (the
maximum amount of this workis ZrV,H,). Apparently no significant
pulverization occurred and theratesof absorption and desorption were
reproduced regardless of the number of cycles. The absorption and
deabsorptionrates of hydrogen isotopes were found to be fast enough
for this method to be used asa hydrogen recovery process in the fuel
cycles of the fusion reactor.

CONCLUSIONS

The selective absorption and desorption of hydrogen in an inert gas
were investigated experimentally and numerically using a
Zirconium-vanadium particle.

The results obtained are as follows:

(1) TheZrV,canabsorb comparatively largeamountsof hydrogen (to
maximum amount of thiswork is ZrV,H,o at 200°C).

(2) The hydrogenconcentration at the outletof thebed werelessthan
1 ppm.

(3) Sincetheparticletemperatureincreasesbecause of heatgeneration
from hydrogen absorption, the diffusion resistance in the solid
decreases.

(4) For amost complete hydrogen desorption, atemperature of more
than 600 °C is required. However, large amounts of hydrogen can
desorb at atemperature of even less than 400 °C.
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NETHERLANDS - A REVIEW
Courtesy of Dr. Samuel Faile

JA. Goedkoop, "Cold Nuclear Fusion in Condensed Matter?",
Energiespectrum, Vol 13, No 6, 1989, pp 156-162.

The author presents areview of cold fusion with 12 references on the
theory and the latest developmentsin cold fusion.

FROM POLAND
RESISTANCE & METAL DEUTERIDES
Courtesy of Dr. Sam Faile

S.M. Filipek, A.W. Szafranski, M. Warsza and S. Mgjchrazak (Polish
Academy of Sciences), "IsotopicEffectsin Ni-Si-H(D) and Ni-V-H(D)
systems'. J of Less Common Metals, Vol 158, 1990, pp 177-189, 36
refs.

SUMMARY

The dectrical resistance and thermoelectric power of Ni-Si and Ni-V
f.c.c. alloysweremeasuredin situat 298 K asa function of thepressure
of gaseous deuterium up to about 2.0 GPa(D,). The derived
relationships were used to compare hydride/deuteride formation and
decomposition pressures for both systems involving earlier
measurements concerning hydrogen. The unusual behavior of
thermopower in theNi-V-H(D) systemhas beeninterpreted interms of
virtua bound states. L ow-temperature resi stance measurementsand the
X-rays structural analysis have been performed on samples saturated
with deuterium (hydrogen) in high-pressure conditions. It was found
that H/D dissolved in the Ni-V aloysinduces Kondo behavior.

COMMENTS

This paper has a tie to cold fusion as noted by the authors: "Recently
the importance of investigations of metal-deuterium systems has been
accentuated because of the discussions about the possibility of cold
nuclear fusion as reported in ref. 24."

RUSSIA - ANALYZED AND REJECTED
Courtesy of Dr. Samuel Faile

V.l. Gol'danskii & F.I. Ddidchik (N.N. Semenov Inst. Chem. Phys),
"On The Possibilities Of Cold Enhancement Of Nuclear Fusion",
Physics Letters B, Vol 234, No 4, 1990, pp 465-468.

ABSTRACT

Various possibilities of chemical andnuclear enhancement of nuclear
fusion at ordinary temperatures are analyzed and rejected. Only the
mechanism of accel eration by strong microelectric fieldsformedby the
sudden disruption of solid matrixes (not treated in thispaper) still does
not seem to be excluded.

E. SHORT ARTICLES FROM AUTHORS

OBSERVATION OF EXCESS ENERGY IS THE ESSENCE OF
FLEISCHMANN-PONS EFFECT

By Dr. V.C. Noninski

Laboratory LEPGER, Sofia, Bulgaria

Asit iswidely known, numerouslaboratoriesthroughout the world are
studyingtheremarkablediscovery madeby Professors Fleischmannand
Pons at the University of Utah [1] - production in a simple
electrochemical way of energy which is in excess of the breakeven
amount. The phenomenonisso unexpected and unexplainablefromthe
chemical pointof view that thediscoverersquite ingeniously lookedfor
theexplanation inother fieldsof science. And, indeed, apossibility for
an explanation was found in terms of one or more nuclear reaction
processes. Moreover, the fact that nuclear reactions can take place at
ambient temperatures (cold fusion) was noticed even before the
Fleischmannand Pons'finding [ 2,3], but no exceeding of the breakeven
energy was inferred in those papers. Therefore, the problem has two
aspects- first, there is a novel unexplained experimental fact of great
significance for science, and second, the attempts to explain that fact.

Thissituationis not newfor science. Thetwentieth century Physicswas
shaken to it very foundationswith discoveriesthat wereunexplainable
from the then available knowledge. These experimental findings
include:

1. The experimentaly found Wien's displacement law and the
impossibility toapply theclassical Raleigh and Jeans formulafor short
wavelengths in the ultraviolet ("ultraviolet catastrophe”).

2. The photoelectric effect (Einstein, 1905).

3. Demonstration of the wave properties of electrons (Davison and
Germer, 1927). And others.

It was the problems with experimental findings that made Planck
assume hisfamous finite, rather than classical infinite, energy gap (E =
h nu) separating the energies of various groups of oscillators which
marked the beginning of Quantum Mechanics.

Thelong history of science teaches us that the primary efforts when a
new phenomenon is discovered experimentally should be directed
towards carrying out precise, strictly designed, up to the requirements
of themodern science, experiments, combined with thorough discussion
of the obtained results to exclude any trivia effects. Verifying the
reality of existence of the claimed



JUNE 1990

FUSION FACTS 21

phenomenon logically leadsto attemptsfor its explanation. Asit was
noted, the important new phenomenon under discussion here is the
existence of excess energy during the electrolysis of D,O with Pd
cathode. The search for neutrons, gamma-ray emissions, and even
productsof anuclear reaction (newly-produced chemical elements) falls
mainly with the subject of explanation of the said phenomenon. Such
a search is very important to be carried out, but has only a
complementary significance at present. Attemptsto exchangetheroles
of the new, important phenomenon with its explanation and start
studyingit with theexplanationand theoretical considerationsbased on
the available knowledge puts the cart before the horse.

In this article, we discuss one experimental approach for studying the
said phenomenon, in which the published article claimed negative
results in the measurement of excess enthalpy, and we shall show that
amore thorough analysis of the experimental data |eads tothe opposite
conclusion, specifically that excess enthal py hasvirtually been produced
[4] and is comparable with that observed by Fleishchmann and Pons
[1]. Thisdiscussion is a part of alarge commentary submitted to the
journal Nature on August 30, 1989.

Part I.
Let us express the Newtons law of cooling in the following form:
(dT/dt)K =P= AK(TCd| - Tbath) = AQ (l)

whereK isthehesat capacity of thecalorimeter, P is thepower input into
the calorimeter (output from the calorimeter to the bath), t isthetime,
A is the Newton's cooling constant, T, is the temperature of the
calorimeter, T, isthetemperature of theconstanttemperature bath and
Qisthe quantity of heat necessary forthe increase of thetemperature of
the calorimeter from Ty tO Tea -

Equation (1) can be written in the following form:

PA=Q (2

Sinceat agiven P the quantity Q has astrictly defined value at a given
heat capacity K of thesystem the Newtons's cooling constant A = P/Q
hasalso only one value, strictly defined by thesetwo quantities (P and
Q). As is seen from equation (2) this constancy of A is a strict
requirement - the left-hand side of equation (2) represents the input
energy whilethe right-handside of equation (2) representsthe produced
energy. From eguation (2) isseen that theviolation of the constancy of
A in the case when the whole produced heat is absorbed by the
calorimeter (i.e. thereare no uncontrolled heat losses) contradictswith
the law of conservation of energy.

The constancy of theNewton'scooling constant A requiresrespectively
that thequantity heating coefficient = (T - Tpu)/P = VAK (3) should
aso have a constant value at the given conditions -this heating
coefficient (hc) is thetrue hc for the given K. Establishing different
values of thehc at oneand thesame K is equivalent to establishingthat
either there are uncontrolled heat losses or that there is an unknown
additional source of heat inside the calorimeter. Of course,
simultaneous action of both causesis possible. Evidently, in the first
case when there are uncontrolled heat |osses a lower temperature
difference Teu -Toan = delta T will be observed thanis thetrue delta T,
corresponding to the truehc. Thus, the hc of the calorimeter, having a
given heat capacity K, which in this case will be a seeming hc,
according to equation (3) will be of alower vaue than the true hc.

A diametrically oppositechange of the hc will be observedif the cause
for this changes is some additional source of energy for which no
account is being taken during the experimental investigations. In this
case agreater temperature difference delta T will be observed than the
difference corresponding to the true hc and for the seeming hc at the
given K according to equation (3) -- avalue will beobtained which is
greater than the valueof thetrue he. If both causes for the changing of
hc are acting simultaneously then the two changes of delta T, being
opposite, will partialy or entirely compensate each other.

According to the above reasoning for the constancy of A, respectively
of thehc, if inthese two cases (of opposite changes of the values of
thesequantities) no attentionis paidfor the causesof thechange and/or
if these causesare ignored one can fall in contradiction with the law of
the conservation of energy.

Part II.

Weshall apply theconsideration from Part | to theexperimental results
giveninreference[4]. In Table 3 of reference [4], two sets of dataare
presented of which data set b is obtained from experiments using H,O
and no additional source of energy can be supposed to exist.

Sincetheexperiments with H,O are considered as control experiments,
astheauthors assume, it should besupposed that they arecarried out at
conditions exactly similar to the conditions during the electrolysis of
D,0O (data seta). Itisassumed that the datain both set aand set b was
obtained using the same calorimeter dewar. It is also assumed that the
disposition of the thermistor relative to the resistor were the same.

Therefore, the valueof theNewtons's cooling constant, A, in both data
setsaandb of Table3in ref [4] should be essentially one and the same.
Asit concerns the heat capacity of the calorimeter, K, its value
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should be a little greater for the experiments with D,O because the

density and specific heat of D,O is higher than H,O. Therefore,
according to equation (3) the mean value of the heating coefficient
during theelectrolysisof D O, by, should bealittlelower than that of
H,0, by

From Table3 inref [4] it is seen, however, that the mean value of byyo
=15.3 °C/W is not lower but is higher than the mean value of by,, =
12.5 °C/W. Evidently, the deviations from the mean value of the hc
values referring to H,O (not more than 6%) give information for the
error limits during the investigations.

Note that the deviations fromthe mean value of the hc valuesreferring
toD 0O inTable 3 andfrom Figure 3 of ref [4] are significantly greater,
that is, these deviations are significantly outside the error limits.

If the comparative study of thehc in both cases iscarried out correctly,
this difference between bp.o and buzo cannot be explained otherwise
than with the acceptance that inaddition to a mean input power during
theelectrolysisof DO (PD,0), some mean value of excesspower (P,,.)
hasbeen added. If we accept, for the sake of simplicity, that b, isnot
lower but isequal to byyo then according to equation (3), after taking
into account P, the following expression will be obtained:

delta Ty, / (Poyo + Pug) = 12.5 °CIW. (4)

By taking into account that accordingto thedatain Table3 of reference
[4] the mean value of the Ty,0 = (Tey -

Thah) p2o = 7.76 °C and that the mean value of Ppyo = 0.508 W from
equation (4) it is obtained that P,,.= 0.113 W. Or taking into account
thevolume of the Pd cathode (0.073cm?®) for themean excess specified
power, Py, = 1.55 W per cu cmis obtained. This value practically
coincides with thevalue for the excess specific power of 1.57 W per cu
cm obtained in reference [1]. The conditions of the two experiments
[1] and [4] were approximately the same, that is, a Pd el ectrode of 0.2
cmdiameter x 10cm longand at a current density of 64 mA per sq cm.

However, the above derived facts- that in reality, the heating constant
for DO isless than the heating constant for H,O = 12.5 °C/W (for ref
[4]). The conclusion must be therefore, that according to equation
(4) an even greater value for excess power (P, must exist than
the value cited in reference [1].

xe(sp,
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COMMENTS

We are indebted to Dr. Noninski for his careful analysis of the
calorimetric data submitted by Lewis et al. We trust that Nature will
print the analysis submitted to them by Drs. Noninski and extend
suitable apologiesto their readers. Ed.

NEW PARTICLES NEEDED?

NEW PARTICLES BASED ON YUKAWA-HEISENBERG
CONCEPTS?
By Dr. Samuel P. Faile, May 29, 1990

Startingback in thethirtiestherewerevarious suggestionsfor aparticle
that caused the nuclear force that bound the nucleons (protons and
neutrons) together. The suggestion of Heisenberg involving el ectron
and positron exchange between nucleons wasfound to betoo small by
afactor of 10™. Yukawa suggested a heavier particle that had a mass
consistent with the requirements of the uncertainty principle.

Acrossarange of 1.7 femtometers oneobtainsa massof about 2.1 x 10°
% Kg. (using the formulamass = h/rc where h is Planck's constant, r is
theradius across which the force operates, and c is the speed of light).
The particle discovered was close to the predicted mass of about 230
times the rest mass of the electron. This particle, the pion, has a mass
of about 270 times that of the electron. The pion is a composite
particle composed of a quark and an antiquark which results from the
residual strong force operating between nucleons. The virtual pions
whichare constantly being formedand being destroyed accordingto the
uncertainty principle bind the nucleons together in a nucleus.

For speculations involving cold fusion, it appears that a particle
resulting from some form of the strong force rather than just the
electromagnetic forceof eectronsand positronswouldbe abetter basis
for atheory. If not aresidue of the strong force, it should at least carry
a component that modifies the strong force such asa
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residue effect from the weak force. Perhaps Dr. Matsumoto's particle
fits the bill. According to Matsumoto's report in the May issue of
FUSION FACTS [1], the ITON particle consists of an electron and a
positron and a neutrino.

The particle which could have arest mass of afew e ectron masses may
(according to calculationsmade by theauthor) operate at 100 times the
radiusof thenuclear binding force or further especiallyif itsinfluence
is more onedimensiona (like a string) as contrasted to
three-dimensional. According to T. Matsumoto, the ITON particle
would favor the fusion of atoms in dense clusters. The ITON particle
would carry off much of the energy of fusion (according to the
"NATTOH" model) and deposit the energy over the lattice while
avoiding the emission of hard radiation such as that produced by
positron-electron annihilation reactions.

If Matsumoto's model is a reasonable approach to redlity, then it is
suggested that the ITON may decay in the metal |attice by capturing an
electron which causesa transformation where an energetic betaray and
aneutrino are released as products. Hagelstein's theory involves the
enhancement of the weak interaction. If Matsumoto's particle carries
the wesk interaction there may be some common ground between the
theories where Hagelstein's coherent interactions augment the ITON's
inter-nuclear effects. Inany event, for authoritative insights, awaiting
period is needed. | received today aletter from Dr. Matsumoto dated
May 21, 1990 where he said the reprint of his paper, "Prediction of
New Particle Emissionon Cold Fusion”, would not be released until a
journal had accepted the article for publication.

It is suggested that both Matsumoto's and Hagelstein's theories be
adapted for lithium in addition to the hydrogen isotopes. Thereisthe
possibility that the energy released in cold-fusion reactions largely
involvesthelithium nucleus. Somebooks of interest on the background
for theories in modern physicsare: Concepts of Modern Physics, 4th
Edition, by Arthur Beiser, McGraw-Hill, ¢ 1987. Thisbook coversthe
"meson theory of nuclear forces" (see pages 433 ff). The second book
iS Modern Elementary Particle Physics, by Gordon Kane,
Addision-Wesley, ¢ 1987. On page 8 of this second book is listed the
"free" quark masses and constituent quark mass which differ greatly
fromeach other. Many "standard theory" concepts are coveredinthese
books. These concepts often involve counter-intuitive insights.

REFERENCES

[1] Staff," Japan: ProgressUsingthe NATTOH Model", Fusion Facts,
Vol 1, No11, page 15, includes fivereferences printed in or submitted
t o Fusion T ec hnology.

COLD FUSION RESEARCH PROBLEMS
By Hal Fox, Editor-in-Chief

WHERE ARE THE NUCLEAR BY-PRODUCTS?

Atleast 65 scientistsin ten or more countries have found evidence for
nuclear reactions occurring in ametal latticeof palladium or titanium
when used with deuterium gasor heavy water. [ Seesection B, thisissue
of FF.] However, thereis not an agreement among scientists as to the
precise nuclear reaction or reactions that are occurring. There is no
agreement as to whether the reactions are surface or bulk or both.

Experimentalistshaverepeatedly demonstrated that neutronsand tritium
are produced using Pd or Ti and have published their results in
peer-reviewed scientific journals. At the same time other scientific
journals(also peer-reviewed) have adopted apolicy that ismore-or-less
opposed to cold fusion and as a result these journals prefer to publish
negativefindings. Chief amongthejournalsthat prefer negativearticles
on cold fusion is Nature. Because of the prestige in Europe of Nature
therehave been several scientific teamswho have been “talked out of"
workingin coldfusion by prestigious scientistswho weretutored by the
negative articles printed in Nature.

Theproblemisthat theratesof production of either neutronsor tritium
or both fail to account for the amount of excess heat that is being
generatedwithin (or on) themetal lattice. Classical physicshaslittleor
no evidence of nuclear reacti ons that can produce heat without some
particles or gammarays being produced.

POSSIBLE ELECTROCHEMICAL NUCLEAR REACTIONS

Under the proper experimental conditions, within a specific type of
palladiummetal lattice (crystal structure) andin thepresenceof lithium
and heavy water, the deuterium atoms may periodicaly fuse and the
resulting energy show up as heat in the palladium electrode [1]. The
nuclear reactionsarenot fully understoodnor controlled. Thefollowing
known or suspected nuclear reactions are being investigated or
proposed:

1. Deuterium + deuterium --> He + neutron + energy.
2. Deuterium + deuterium --> tritium + proton + energy.

3. Deuterium + deuterium --> ‘He + energy.
4.9 + deuterium  --> 2 “He + energy.
5. Proton + proton --> deuterium + energy.

Thefirst two have been previously observedin hot fusion experiments
in almost equal numbers (equal
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branching ratio). The third reaction hasbeen previously observed only
a verylow ratesof occurrenceandiscontroversial. Thefourth reaction
is expected to occur at the surface of the Pd cathode. Thefifth reaction
is lately being proposed. Experiments are now being designed to
measuretheproduction of both neutronsand protons to helpindirectly
measuring the branching ratiosof reactions1 and 2. Assume that both
reactions3and4 areoccurring. Notethat with reaction 3the*Hewould
be expected to betrappedin the Pd lattice. In reaction 4 the*He could
be expected to be released into the stream of evolved deuterium
bubbling fromthe Pd cathode. The *He atoms are the "ashes" of the
nuclear reactions 3 and 4. However, there have been few reported
successesinmaking consistent measurementsfor theproduction of “He
in either the evolved gases or by melting the Pd and measuring the
released gases. Part of theproblem isthe scarcity of mass spectrometry
equipment that can distinguish among such combinations as HT, D,,
*He, and “He.

Reaction 4 has only recently received sufficient attention. Natural
lithium (according to the Handbook of Chemistry and Physics) is
composed of 7.4%°6Li and 93.6% of “Li. It hasbeen reported that the
i is depleted with respect to the "Li [2].

Reaction 5 has been proposed by Hagelstein [3] and in an article by
John N. White (to be published in the next issue of FF)

If this reaction is predominant then it would explain the lack of
neutrons and the presence of low level (soft) X-Rays that have been
reported by researchers at the National Cold Fusion Institute [4].

BYPRODUCTS SUMMARY

The most promising research direction appears to be to confirm the
emission of soft X-Rays from a fusion electro-chemical cell to help
confirmreaction 5. In addition, researchers should closely monitor the
isotopic ratio of ®Li to “Li to confirm nuclear reaction 4.

THE PROBLEM OF DIMINISHING RETURNS

There is some experimental evidence [5] that fresh or early
experimental results (after proper Pd loading) give higher excess heat
than do later results. This observation could be explained if the
following were true:

1. That nuclear reaction 4 is one of two or more reactions,
and
2. Ifthedepletion of fLi reduced the level of nuclear reaction 4

due to the scarcity of °Li.
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F. COMING CONFERENCES ON COLD FUSION

45th ANNUAL CALORIMETRY CONFERENCE
(Courtesy of Prof. Jonathan Phillips)

Dr. Phillips writes: "We hope you will consider participating in the
Application of Calorimetry to Electrochemical Processes session of the
45th Annual Calorimetry Conference. The conferencewill beheld from
July 22-27, 1990 at theUniversity of Michigan in Ann Arbor. A lot of
the controversy has arisen because of poor understanding of the
calorimetrictechnique. Infact, thetimeisripeto bring peopletogether
to discuss the new calorimetric technology as well as current and
"potential" applications of that technology!"

A LITTLE LATE BUT:
TITLE AND ABSTRACT SHOULD BE SENT TO:

Prof. Ron D. Weir, Dept. of Chem and Chem Engr'g.

Royal Military College of Canada

Kingston, Ontario K7K 5L0 Canada

Phone613/541-6612 or Fax 613/547-3053 or WEIRR@RMS.BITNET
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WORLD HYDROGEN ENERGY CONFERENCE #8

Abstracts should have been submitted by Feb. 28, 1990.
Send abstracts (250 word limit) to:

Program Chairman, WHEC8

Hawaii Natural Energy Institute

University of Hawaii at Manoa 2540 Dole Street, Holmes 246
Honolulu, Hawaii 96822 USA

Conference is sponsored by International Association for Hydrogen
Energy, U.S. Department of Energy, the University of Hawaii, and
others. Sessions on Cold Fusion are scheduled to cover Experiments,
Physics of Cold Fusion Reaction, and Calorimetry - Spectroscopy.
Conference will be at Honolulu at Waikiki on Oahu for the July 23
through 25. The July 26 session will be at Wailoloaon the Big Island.
Conference costs are $395 to $595 depending on where you stay and
when you register.

For further information: Telephone: (808) 948-8890 or FAX: (808)
946-4235 Telex: 65027 82483 MCI

ANOMALOUS NUCLEAR EFFECTS IN DEUTERIUM/SOLID
SYSTEM.

Sponsored by EPRI, BYU, Japanese National Institute for Fusion
Studies, and U.S. DoE. Conference will be held at BYU, Provo, UT,
Oct. 22 - 24, 1990. Interested attendees and contributors should send
expressions of interest by or soon after June 20, 1990 to:

BYU CONFS. & WORKSHOPS, NUCLEAR FUSION

154 H.C.E.B. Provo, Utah 84602

Phone 801/378-4851 (Nuclear Fusion Conf.)

Abstracts should be sent to:

Professor Steven Jones

BYU Dept. of Physics

176 E.S.C., Provo, UT 84602

Abstracts should reach Prof. Jones by Sept. 15, 1990

Aboveinformation courtesy of Dr. Nate Hoffman (Energy Technology
Engineering Center) and Conf. Secretary.
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G. FUSION PRODUCTS.

FUSION CONCEPTS COURSEWARE
2-Diskette Set IBM-compatible.$ 95
Specify 5 1/4" or 3 1/2" Diskette

FUSION ANNOTATED BIBLIOGRAPHIES
Published on 5 1/4" or 3 1/2" Diskettes. Includes INFOFIND search
and retrieval program.

Three Volumes now available.

Each Volume................ $95

CONSULTING SERVICES

Consultation services can be used to evaluate research proposals and
also to define new business opportunitiesand/or declining marketsfor
specific industries.

(801) 583-6232

The following publications have been helpful in furnishing latest
fusion information:

FUSION ASIA

C-9 Nizamuddin East
New Delhi 110013, India
$40 for 4 issues.

21st CENTURY SCIENCE AND TECHNOLOGY
P.O. Box 65473, Wash, D.C.
$20 for 6 issues.

EUSION TECHNOL OGY.

Recently added new section on Cold Fusion
555 N. Kensingon Ave.

LaGrange Park, Illinois 60525

$310 for 2 volumes + 1 supplement.

FUSION FACTS STAFF AND RRESPONDENT

Hal Fox............ Editor-in-Chief
Michelle Luken....Associate Editor
Paul Prows.....Departmental Editor
Christine Marshall.....Circulation

Technical Correspondents:

Subbiah Arunachalam, New Delhi, India

Dr. Robert W. Bass, Registered Patent Agent,
Thousand Oaks, California

Dr. Dennis Cravens, Texas

Dr. Samuel P. Faile, Cinc, Ohio

Avard F. Fairbanks, Resident Snr. Engineer

Marsha Freeman, Washington, D.C.

Dr. Maurice B. Hall, Resident Snr. Physicist

Prof Wilford Hansen, USU Logan, Utah

Dr. Shang-Xian Jin, Beijing, China

Ramtanu Maitra, New Delhi, India

Dr. Takaaki Matsumoto, Hokkaido U., Japan

Dr. V.C. Noninski, Sofia, Bulgaria

Prof Edward P Palmer, BY U Provo, Utah



26 FUSION FACTS

JUNE 1990

FUSION FACTS SUBSCRIPTION COSTS

FUSION FACTS EACH ISSUED MAILED
FIRST CLASS.
12 ISSUES....... $345
36 ISSUES....... $900

Single Evaluation Copy.... free

FUSION FACTS SINGLE ISSUES
CURRENT ISSUES EACH......... $35
LAST MONTHS ISSUE EACH...... $20
3MONTHS OR OLDER EACH...... $ 10
3MONTHSOR OLDER ANY 3.....$25

SUBSCRIPTION REQUEST

PLEASE SEND ME THENEXT 12 ISSUES OF EUSION FACTS (12
ISSUES - $345, 36 ISSUES - $900)

Send Fusion Factsto:

NAME: COMPANY:
___POBOX, DEPT: CITY: STATE
_ZIP__

Y our check or money order should be made payableto Fusion Facts
and sent to:

Fusion Facts

P.O. Box 58639

Salt Lake City, Utah 84158

Any questions or comments? Call, fax or write us.
(801)583-6232

(801)272-3344 (fax)

FUSION FACTS is published by the Fusion Information Center, an independent
corporation not affiliated with the University of Utah



