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A. DR. WILL PLANS FUSION RESEARCH.

Dr. Fritz WIIl, the newdirector of the National Cold
Fusion Institute, has reviewed the status of the cold
fusion work and states that his first priority is to
find means to nake the experinments reproducible on
demand. The |l ack of ability anong nost researchers to
precisely reproduce observed results is shared by
nearly all researchers in the US., Japan, India,
Bul gari a, and other places.

CURRENT STATUS OF COLD FUSION

As a background for further work, the current status
of cold fusion was reviewed in the January 1990 report
of the National Cold Fusion Institute and is
summari zed:

More than 20 research | aboratories worldw de have
confirmed one or nore aspects of the Pons/Flei schmann
cold fusion experinent that was first announced
March 23, 1989. These reports include observations of
low levels of excess heat for weeks and nonths,
occasi onal |arge heat excursions |asting
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hours or days, and detection of other nuclear
byproducts, specifically tritiumand neutrons.

National Science Foundation Workshop The publi shed
conclusion of the 40 workshop scientists (16-18 Cct
1989) was: "These results (e.g. excess heat, tritium
production, neutron emnission) cannot be explained as
a result of experimental artifacts, equipnent error,
or human errors."

Oak Ridge National Laboratory An official ORNL report
No. ONRL/TM 11322, "A Prelimnary Investigation of
Col d Fusion by El ectrol ysis of Heavy Water", descri bes
I engthy experiments in which excess heat, neutron
em ssion, and tritium production are observed and
reported.

Los Alamos National Laboratory officially reported on
the production of tritium The draft paper is: Ednund

Storms and Carol Talcott (Nuclear Materials Div,

LASL), "Electrolytic

Tritium Production", Paper LAUR: 89- 4138, Dr af t

Rel eased Dec. 1989, 19 pages, 23 refs. [Abstract: 53
electrolytic cells of wvarious configurations and
el ectrode conpositions have been examned for tritium
production. Significant tritium has been found in
el even cells.]

Energy Research Advisory Board Cold Fusion Panel In
spite of the denial by sone panel nenbers of npbst of
the positive evidence for cold fusion (including the
then unpublished reports from Cak Ridge), the panel
still suggested: "npdest support for carefully focused
and cooperative experiments with the present funding
system "

Division of Advanced Energy Projects of DoE. Dr.
Ryszard Gajewski, Director, D vision of Advanced
Energy Projects, DOE, stated at the NSF/ EPRI workshop
that he could support cold fusion research projects.
Soon thereafter, two nmillion dollars were slashed from
his fiscal 1990 funds so that he is now unable to fund
any further cold fusion research in fiscal 1990.

U.S. UNIVERSITIES REPORTING POSITIVE RESULTS

Some of the U S. researchers who have reported
positive experinmental results are the follow ng:

Bri gham Young University

Case Western Reserve University

University of Florida

Uni versity of M nnesota

University of Nebraska

Oregon State University



Stanford University
Texas A&M Uni versity (2 groups)
Uni versity of Utah (2 groups)

WORLD-WIDE POSITIVE RESULTS

Japanese Efforts Scientists at Hokkai do, Nagoya and
Osaka Uni versities, anong others, describe successful
experiments, particularly large neutron em ssions.
The WAll Street Jourpal reports "200 Japanese
scientists in 30 | aboratories" working on cold fusion.
Dr. Hideo | kegam of Nagoya University's Institute for
Fusion Science told The Wll Street Journal,
"researchers in the United States are nore interested
in denying cold fusion, and in Japan we are interested
intrying to observe cold fusion." Several positive
publications have already been published by Japanese
researchers and reported in this newsletter.

Bhabha Atomic Research Centre (BARC) As reported in
a section of this newsletter, some 53 different
scientists intwenty articles report on positive cold
fusion results at BARC As stated by Ilyengar and
Srinivasan, "lnvestigations of cold fusion phenonena
at Tronbay during April to Septenber, 1989 have
positively confirmed the occurrence of (d-d) fusion
reactions in both el ectrolytic and gas-|oaded Pd and
Ti netal lattices at anbient tenperatures". Several
of the papers report on copious anmpunts of tritium
bei ng produced.

Other researchers in Bulgaria (Noninski's work
reported in Fusion Facts, Novenber 1989, page 14-15),
Finland, Sri Lanka, China, Mexico, Brazil, Spain,
Italy, Russia, and other countries are working on cold
fusion. Papers are being received and reviewed from
t hese sources (see bel ow under More News fromAbroad).

DR. WILL PLANS EXPANSION OF EFFORTS.

"At this point," Dr. WII enphasizes, "one does not
have an under st andi ng of the underlying phenonena. No
one to the best of ny know edge, has been able to
reproduce these phenonena at wll." Dr. WII is
working with the staff of the National Cold Fusion
Institute to continue the paranetric studies that are
now underway. Some 32 cells have been placed in
operation with sets of cells having difference
paraneters. Sixty-four nore such cells are planned to
allow further studies of inportant cell paraneters
according to a recent report fromthe Institute.
* * *

B. NO NEUTRONS - NO COLD FUSION?
By Hal Fox

"Where are the neutrons?', is often the first
techni cal question that a nuclear physicist would ask
when hearing about cold fusion and excess heat.
Physi ci sts have been
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thoroughly schooled that when D + D fuse there is
al rost an equal probability that tritium or neutrons
wi Il be observed. The two expected nucl ear reactions
that are expected to be "equally branched" are:

D+ D-->%He + n + energy
D+D--> T + p + energy

Athird reaction is rarely expected: D+ D --> “He
+ energy.

The "equal branching" is so ingrained in nuclear
physics that a University department chairman, wth
his head in his hands, conplained, "But if we don't
find equal branching, then we will have to rewite
what we know about nucl ear physics." [1].

Progress in science is seldom predictable and never
confortable. lyengar observed in July 1989 the
surprising fact that in a series of cold fusion
experiments the measurenents for tritiumfar exceeded
the observed neutron events [2]. Ilyengar also cited
Oppenhei mer and Philips [see note appended to 2]
comments on the expected deuterium fusion under
| ow energy conditions. However, we physicists are not
often found readi ng 1935 ancient history.

McNal Iy [3] states: "Thus nuclear nass-energy
resonance toget her

wi th other physics might account for the reactions
observed by

Pons, Fl ei schmann, Jones, and ot hers. Experinental and
theoretical confirmation of this hypothesis is needed.
Shoul d

the results be favorable, the scientific study of
ot her nucl ear

resonances at "l owtenperature' and high density m ght

be quite
prom sing, possibly ensuring “cold fusion' a valid
pl ace in
science. "
Aspden [4] states: "I think it will interest your
readers because | refer to ... a paper of mne ... in
the Hadronic Journal [5]. | nmde it clear that there

was a very good case for showi ng that the deuteron
shoul d not be seen as contai ning neutrons but rather
should be seen as a transiently fluctuating
proton-anti proton-el ectron-positron conposition which
assumes a neutral core with a satellite positron at
times. ... In a host cathode conductor carrying
el ectrons able to annihilate the satellite positronin
the transient field state, we see that a deuteron can
be disarned, as it were, and so exposed to fusion with
a nearby [or itinerant] deuteron when put in an
excited state. Cold fusion can therefore be expl ai ned
if only we wake up to the reality of the nature of the
deuteron ..."

V. Quillemin [6] instructs us: "Material particles do
not sinply exist statically; they are centers of
intense activity, of conti nual creation and
anni hilation. Every atomis a seat of such activity.
In the nucleus there is a constant interplay of
nmesons, and the space around it is filled with swarns
of



virtual photons darting between the nucleus and the
el ectrons. "

T Tijima et al [7] state: "I'n heavily deuterated
pal | adi um (approx. PdD) Pd atons forma fcc lattice,

whil e deuterium atons sit in the octahedral positions
toformatight overall Nad-typelattice (beta-phase)

with the lattice constant d approx. equal to 4.08
Angstrom Deuterium would migrate itinerantly froma
cell to a cell under electrolysis driven by the
applied voltage or the chenical potential in a fashion
simlar to superionic conductors. A palladium atom
has ten d-shell electrons. W shall show that a
deuteriumatomin the Pd lattice exerts in effect an
attractive electric potential in short distances (0.1
- 0.7 Angstrom) to another deuterium due to strong
Coul onb correlation effects. Such an attractive
el ectron potential between a pair of deuterons gives
riseto abound state for deuterons in equilibrium and
to a substantial reduction of the Coulomb barrier
turning point for itinerant deuterons. W shall show
that such itinerant deuterons fuse with other deuteron
nuclei in the dense electron system at a rate nmany
tens of order of nagnitude faster than that expected
froma gaseous deuterium nol ecule."

Avid readers of theory papers wll recall that the
probability cal culations for the fusing of deuterons
deal with the deuterons

trapped in the potential wells of the palladium
(titanium) lattice between the Pd or Ti atons. As
Tijim properly observes (above), it is the hopping or
"itinerant" deuterons that should be considered for
fusion events. The end result is that the probability
of fusion greatly increases.

Yeong E. Kim (Purdue) [8] states: "It is proposed
that conventional theoretical estimates of the DD
fusion rate and branching ratio at |[ow energies are
arbitrary and may not be valid since they are based on
an extrapolation of the reaction cross sections at
hi gher energies (about 5 keV) to | ower energi es where
no direct experimental tests and neasurenents exist,
except the indirect neasurenents of Fleischmann, Pons,
and Hawki ns and others."

Yeong Kim [9] elaborates on the above coments:
"Anot her significance of the experinmental results of
Beuhler et al [10] is that the reaction rate for 1b
[neutron producing] appears to be substantially
suppressed conpared with that of reaction la [tritium
producing] in their experiment, contrary to the
conventional assunption of nearly equal rates...".
Kim continues with inmportant calculations in this
paper and suggests sone experinmental tests.

A paper subnmitted to the First Annual Conference on
Col d Fusion, Salt Lake City, Utah, March 27-30, 1990
by Robert A. Rice, Gary S. Chulick, Yeong E. Kim and
Jin-Hee Yoon (all from the Purdue Dept of Physics)
contains the following comments in the Abstract:
"Reaction rates from recent electrochemcal fusion
experi ments have been found to be as many as 70 orders
of magnitude | arger than those obtained
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from sinple calculations involving an extrapol at ed
| ow-energy D-D cross section and a sharp velocity
di stribution. However , if an appropriate
Maxwel | - Bol t zmann velocity distribution is used in
pl ace of the conventional sharp velocity distribution,
it is seenthat the calculated reaction rate increases
by as much as 50 to 60 orders of magnitude."

As noted previously in this publication [11]: "The
ease with which expected nuclear byproducts are
produced in FPE are in the order of heat, tritium and
neutrons and the latter is nost difficult to produce
and measure."
CONCLUSIONS.

It is well wunderstood by fusion researchers that
neutrons are not expected to be produced in an
el ectrochenical fusion cell with the same probability
as tritium Experimental evidence is now overwhelming
that tritium production can far exceed neutron
production in an electrochemcal fusion cell. The
extrapol ation of the experinmental results in
hi gh- energy physics is not valid

for low energy physics. The expectations for equal
branching of deuterium fusion has received conmments
and/or theoretical treatnment in papers dating back to
1935.

Experimenters who base their criticism of cold fusion
on the lack of neutron production have no valid case.
However, because the observed events in solid-state
fusion are not fully understood, it is prudent to
noni tor fusion cell experinents for neutron production
as a safety precaution.
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C. MORE NEWS FROM U.S.

FROM DEPT. OF PHYSICS, PURDUE UNIV.
CHAIN-REACTION IN PALLADIUM DEUTERIDE
(Courtesy of Dr. Yeong E. Kim

Yeong E. Kim (Dept. of Physi cs, Pur due),
"Neut ron- I nduced Photonucl ear Chain Reaction Process
in Palladi umDeuteride", Unpublished paper PNTG 89-7,
July 1989, 11 pages, 15 refs.

Abstract: Recently, it has been reported by
Fl ei schmann, Pons, and Hawkins (FPH) that tritium
production and excess heat generation above that due
to the el ectrode reacti on have been observed in their
electrolysis experinments with a palladium cathode
inmersed in heavy water with 0.1M Li CD. The FPH
effect cannot be explained by known single-step
nucl ear reactions such as deuterium deuterium fusion,
since the reaction cross-sections and rates are too
small at roomtenperature. However, a conbination of
known nucl ear reactions can forma set of closed chain
reactions which can become self-sustaining at a
critical stage under favorable conditions and
geonetri es, as in the wel | - known case of
neutron-induced fission chain reactions. In the
paper, the FPH effect is described in ternms of a
chain-reaction process involving neutron-induced
phot onucl ear chain reactions in palladium deuteride.
Experi nent al
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evi dence and tests of this chain-reaction hypothesis
for the FPH are descri bed.

HOT AND COLD FUSION WITH ELECTROLYSIS
(Courtesy of Dr. Yeong E. Kim

Yeong E. Kim (Purdue), "Fission-induced Inertial
Conf i nement Hot Fusion and Cold Fusion wth
El ectrolysis", to be published in Laser Interaction

and Rel ated Pl asma Phenonena, Vol unme 9, 24 refs.
Dr. Kim introduces the paper with the follow ng:

"Conventional theoretical esti mates for
deuteriumdeuterium (D-D) fusion can not explain
tritium production and excess heat generation above
that due to the electrode reaction observed by
Fl ei schmann, Pons, and Hawkins (FPH) and others in
their electrolysis experiments with a palladium
cathode imersed in heavy water (with 0.1M LiOD),
since the estimated D-D fusion cross-sections and
rates are too small at room tenperature. Recent
experimental results indicate that the extrapol ation
nethod is not valid at |ow energies. Pl ausi bl e
nucl ear t heory expl anati ons are di scussed.
Experi nent al measur enent s of the D-D fusion
cross-sections and branching ratios at very |ow
energi es are suggested. In order to explain the FPH
effect, a surface reaction nechanismis proposed for
the cold D-D fusion with electrolysis. Experinental
tests of the proposed nmechanism for cold fusion are
di scussed. O her nuclear reactions involving
neutron-induced reaction processes, which may occur
subsequent to and concurrent with the D-D fusion, are
al so di scussed. "

The paper also suggests the design of pellets for
neutron-induced inertial confinenent fission-fusion
for |arge-scal e power generation.

TRITIUM AND HELIUM PHOTODISINTEGRATION
(Courtesy of Dr. Yeong E. Kim

D.J. Klepacki (Purdue), Y.E. Kim (Purdue), and R A

Br andenbur g (Univ. of Basel ), " Two- Body
Phot odi sintegration of °H and ®*He Near the G ant
Resonance. |. Plant-Wave Approxi mation", Unpublished

paper PNTG 89-8, August 1989, 50 pages, 149 refs.

Abstract: A concise survey of the current status of
unpol ari zed two-body photodisintegration of the
trinucleons in the region of the giant resonance
[lowenergy region is photon energy < 35 MeV] is
present ed. Al so proposed is a nethod of including
final state interactions (FSI) for calculations with
non- separabl e two-nucleon potentials by way of the
Faddeev T-operator. Cal cul ations neglecting both FSI
and ML transitions are presented using the Reid Soft
Core, Paris, and Bonn (OBEPQ potentials. The results
for *H photodisintegration using the Bonn potential
appear to provide



a satisfactory description of this reaction within
the existing experinmental uncertainties.

D wave contributions to these reactions are not in
agreement in the literature. The present results
support an approxi mately 10+4% enhancenent by D waves
to the cross sections. Furthernmore, E2 contributions
at a photon excitation energy of approx 12.5 MeV are
found to be approximtely 2% for *He (gamma, p)d and
0.1% for *H (gamm, n)d. Fore-aft asymmetry
cal cul ations indicate narkedly di fferent contri butions
fromel-E2 interference in a conparison of the *He and
°H syst ens.

The conclusion states in part: "...In general, the
results with the Bonn potential (enploying the Siegert
approxi mation) seem to produce the best overall
description of the experinental data at this stage of
calculation. This is especially true with the °H
reactions where, however, the data either contain
large uncertainties or are sparse. Additional
measurenments of 3H reactions are badly needed in order
to provide nore stringent constraints upon the
theoretical calculations. Such neasurenents woul d
al so elimnate the Coul onb effects which are present
in the ®He reactions.

"... The discrepancy anmong theoretical predictions of
t he phot odi si ntegration reaction is nost
di sconcerti ng. In particular, in this work the
D-state contributions enhance the cross section by
approxi mately 10+4% in accord with the results of
references 109,112 but in disaccord with references
97, 102, and 104. ... It is encouraged that further
cal cul ations of the type presented here be nmade, so
that these disturbing differences can be cleared up.
"... The formalism can al so accommodate MEC and is
expected to be valid for energies up to the pion
production threshold. Beyond this Energy, Araki (ref
144) proposes nodification (for a Faddeev formalism
whi ch can incorporate relativistic invariance, isobar
degrees of freedom and even exotic channels due to
the manifestation of explicit quark degrees of
freedom In the future, the present calculations are
expected to be furthered along these lines."

VELOCITY DISTRIBUTION EFFECT ON COLD FUSION
(Courtesy of Dr. Yeong E. Kim

Robert A. Rice, Gary S. Chulick, and Yeong E. Kim(all
fromPurdue), "The Effect of Velocity Distribution on
Col d Deuterium Deuteri umFusion", A paper submttedto
the First Annual Conference on Cold Fusion, Salt Lake
Cty, Wah, March 27-30, 1990.

Abstract: "Reaction rates fromrecent el ectrochenical
fusion

experiments have been found to be as many as 70 orders
of magnitude | arger than those obtained from sinple
cal cul ations involving an extrapol ated | owenergy D-D
cross section and a sharp velocity distribution.
However, if an appropriate
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Maxwel | - Bol t zmann vel ocity distribution is used in
pl ace of the conventional sharp velocity distribution,
it is seenthat the cal cul ated reaction rate increases
by as nuch as 50 to 60 orders of mmgnitude. ..."

D-D FUSION AT LOW ENERGIES
(Courtesy of Dr. Yeong E. Kim

Gary S. Chulick, Yeong E. Kim and Robert A Rice (all
from Purdue), "Low Energy D-D Fusion Experinmental
Cross- Sections”, A

paper submtted to the First Annual Conference on Col d
Fusi on,

Salt Lake Gity, Uah, March 27-30, 1990.

ABSTRACT: A mmjor criticismof electrochemnical fusion
experinents has been t hat t he extracted
deuteriumdeuterium (D-D) reaction rates from these
experiments are 40-50 orders of nagnitude |arger than
the cal cul ated reaction rates. However, the reaction
rate calculations are partly based on the assunption
that the D-D reaction cross-section at extrenely |ow
energies (i.e., afeweV) is of correct form Since
the D-D cross-section has not been neasured at
energi es below 2 keV (center-of-mass), it is naively
assumed that the trends in the cross-section above
that energy are autonatically valid bel owthat energy.
Cl ose exam nation of the available | owest energy DD
cross-section data, and the results of the recent
Br ookhaven cluster fusion experi nent, whi ch
potentially allows us to extract the D-D cross-section
down to the eV range, indicate that this assunptionis
not valid. The |l ow energy cross-section (approx. 100
eV) appears to be 10-20 orders of nagnitude | arger and
appears to behave differently than the cross-section
at hi gher energies.

SURFACE REACTION MECHANISM FOR FUSION
(Courtesy of Dr. Yeong E. Kim

Yeong E. Ki m(Purdue), "Surface Reaction Mechani smfor
Cold Fusion with Electrolysis", A paper subnitted to
the First Annual Conference on Cold Fusion, Salt Lake
Cty, Uah, March 27-30,

1990.

Abstract: A surface reaction nechanismis described
for tritium production and excess heat generation
above that due to the electrode reaction reported by
Fl ei schmann, Pons, and Hawkins (FPH) and others in
their electrolysis experinents. In the surface
reaction nechani sm deuterium(D D) fusiontakes place
in the surface zone of Pd cathode where whiskers of
netal deuterides (PdD and/or LiD) are forned in
el ectrol ysis experinents. These whiskers are known to
occupy the surface zone of approx. > 10 nicroneter
thi ckness, where nost of D, and O, gases are forned
from the dissociation of DO Depending on
electrolysis condi tions, nany spheri cal and
hem spherical D, gas bubbles of varying sizes (radii
ranging from few mcroneters to a few mllineters)
wi || be produced continuously in the surface



whi sker zone and will stay there for certain tine

durations before they nove out of the electrolysis
cell. Most of the D, gas bubbles in the surface
whi sker zone will have whiskers protruding into the
bubbl es creating field em ssion potentials around the
tips of whiskers. The average potential in each D,
bubble is expected to be approximately that of the
applied potential of the electrolysis cell, but the
electric field near the whisker tips can be several
orders of magnitude larger than the average field, as
is well known from field em ssion studies. Due to
this electric field, D+ ions in the bubble will gain
ki netic energies with a statistical distribution which
depends on the bubble size and val ues of the varying
electric field inside the bubble. \Wen the applied
potential is 1 to about 10 V, the average kinetic
energy of the D+ ions in each bubble is expected to be
1 to about 10eV, which may be sufficient to achieve
the observed reaction rates of 107 to about 10 2 per
sec per D-Dpair. Experinental tests of the proposed
mechani sm for cold fusion are discussed. O her
nucl ear reactions i ncludi ng neutron-induced reacti ons,
whi ch may occur subsequent to and concurrent with the
D-D fusion during electrolysis, are also discussed.

INSTITUTE FOR FUSION STUDIES, U/TEXAS-AUSTIN

DEUTERON INTERACTION IN Pd
(Courtesy of Dr. Toshiki Tajinma)

T. Tajima (U Texas-Austin), H Ilyetomi (Argonne
National Laboratory), & S. Ichimaru (U. of Tokyo),
"I nfluence of Attractive Interaction between Deuterons
in Pd on Nuclear Fusion", Institute for Fusion
Studies, The Univ. of Texas at Austin, Paper |FSR
#369, April 1989.

Abstract: It is shown that in a heavily deuterated
pal | adi umnetal a pair of deuterons exhibit attractive
interaction at short distance (approx. 0.1 to 0.7
Angstrons) due to strong Coul onb correlations in the
i on-sphere nodel and due to the screening action of
localized 4d electrons. This mechanism leads to
enhanced t hernonucl ear reacti ons at roomtenperatures
sone 50 orders of magnitude faster than in a D,
nmol ecul e.  Characteristic signatures of predicted
nucl ear reactions are described.

SCREENING EFFECTS IN PdD,
STATISTICAL-MECHANICAL THEORY
(Courtesy of Dr. Toshiki Tajim)

S. Ichimaru (U of Tokyo), A. Nakano (U. of Tokyo), S.
Qgata (U. of Tokyo), H Ilyetonmi (Argonne National
Laboratory), and T. Tajima (U Texas-Austin),
"Screening of the Hybridized 4d-1s Electrons in PdD,
and Nucl ear Reaction Rates between Hydrogen | sotopes”,
Institute for Fusion Studies, The Univ. of Texas at
Austin, Paper |FSR #376, June 1989, 15 refs.

Abstract: Screening action of the hybridized 4d-1s
electrons in PdD is analyzed in the Ferm -Thonas
appr oxi mat i on;
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charge-form factors for Pd and D are derived. The
resulting DD interaction is a sensitive function of
both density x of the deuterons and energy |l evel s EE,
of D-induced s-electron states; it exhibits an
attractive part arising frominterference between the
1s-screening el ectrons and strongly coupl ed (rs approx
2) valence electrons. Nucl ear reaction rates of
hydrogen isotopes in Pd are calculated at various
conbi nati ons of x and E13 by including DD nany- body
effects through the ion-sphere potential; effects of
fluctuations in x and/or Es are discussed.

S. Ichimaru (U. of Tokyo), A. Nakano (U. of Tokyo), S.
Qgata (U. of Tokyo), H. lyetom (U. of Tokyo), and T.
Tajima (U Texas-Austin), "Statistical-Mechanical
Theory of Cold Nuclear Fusion in Metal Hydrides",
Institute for Fusion Studies, The Univ. of Texas at
Austin, Paper |FSR #379-R, Sept 1989, 25 refs.

Abstract: Screening action of the s-d hybridized
electrons in PdH and TiH is analyzed in the
Ferm - Thomas approxi mation. The resulting interaction
bet ween hydrogen exhibits an attractive part arising
frominterference between the Hinduced s-electrons
and the val ence electrons. The screening potentials
due t o many-body effects between the el ectron-screened
protons are examning through solution to the
hyper nett ed-chai n equati ons. The nuclear reaction
rates between hydrogen isotopes are calculated at
various t enper at ur es by t aki ng account of
stati stical -nechani cal enhancements arising fromthe
increment in the Coulonbic chemcal potential of a
reacting pair before and after nuclear reaction.
Remar kabl e i sot opi ¢ and t enper at ur e-dependent effects
are predicted.

MONTE CARLO SIMULATION STUDY
(Courtesy of Dr. Toshiki Tajim)

S. Ichimaru (U. of Tokyo), S. Ogata (U. of Tokyo), A
Nakano (U. of Tokyo), H lyetom (U. of Tokyo), and T.
Tajima (U

Texas- Austin), "Mnte Carlo Simulation Study of
Short - Range Correl ati ons Between | tinerant Hydrogenin
Lattice Fields: Application to 'Cold Fusion'",
Institute for Fusion Studies, The Univ. of Texas at
Austin, Paper |FSR #397, Sept 1989, 15 refs.

Abstract: We performMnte Carlo simulation study for
short-range correl ati ons between itinerant hydrogen,
interacting nutually via electron-screened repul sive
forces, in periodic and aperiodic (due to defects)
lattice fields of nmetal hydrides. W find that the
screening potentials and the resultant fusion rates
depend extrenely sensitively on nmicroscopic detailsin
the lattice fields, corroborating qualitatively the
varied results in recent "cold fusion" experinments.

In the summary paragraph it is stated: "Finally we
note in Table | an incredibly large reaction rate
predicted for TiH, with defects [in the lattice
structure] at T = 200 K. "



UNIVERSITY OF DELAWARE
(Courtesy of Dr. Krzysztof Szal ew cz)

FUSION RATES IN TITANIUM

Karl Sohlberg and Krzysztof Szalewicz (U Del awnare),
"Fusion Rates for Deuterium in Titanium C usters",
Physics Lett A, in press. 25 pages, 31 refs.

Abstract: Ab initio Hartree-Fock self-consistent
field calculations for hydrogen atons in a titanium
atommatrix have been perforned. Conputed potential
energy surfaces for the deuteriumnotion are used to
cal cul ate fusion rates. These cal cul ati ons suggest
that no stable state of titaniumdeuteride exists with
the small inter-deuteron distances required for
measur abl e fusion rates.

Not e: Wiile adnittedly a nmuch nore difficult

calculation, it is hoped that the authors wll

consider the fusion probabilities between jtinerant

deuteriumions and deuterons inbedded in the titanium
lattice. Experinmental evidence exists for cold fusion
insuch an environnent. See BARC papers, for exanple
under News From I ndia.

HELIUM IN PALLADIUM
(Courtesy of Dr. Sam Faile)

G C. Abell, L.K Mtson, and R H Steinnmeyer, "Helium
rel ease fromaged pal ladiumtritide", Physical Review
B, Vol. 41, No. 2, pp 1220-1223 (January 15, 1990) 23
refs.

Summary: Experinental studies of heliumrel ease from
aged PdT, show that the heliumto-netal-atom ratio
saturates at a value of He/Pd about 0.5 wunder
condi ti ons of ambient tenperature storage. Belowthis
value, very little helium release occurs. Thermal

desorption experinents showthat rel ease froma sanple
with He/ Pd about 0.3 requires tenperatures in excess
of about 600 K, while release froma sanple with He/Pd
about 0.02 requires tenperatures in excess of at |east

1300 K. These results are related to the question of

the disposition of heliumthat would be produced by
hypot hetical reactions in a PdD el ectrode. The paper

concludes: "... the present experimental results
denonstrate that heliumborn w thin palladi umhydride
(H D, or T) wll certainly not escape into the
external gas stream ...Such trapped helium could
easily be detected (down to | evel s of about 10 atons
per gramof Pd) by mass spectronetric analysis of the
Pd- el ectrode naterial .

EXCESS HEAT DIFFICULT TO EXPLAIN

K. Szalewicz (U Del.), J.D. Morgan IIl (U Del.), and
H. J. Monkhorst (U Fla.-Gainesville), "Fusion rates for
Hydrogen isotopic nolecules of relevance for 'cold
fusion'", Physical Review A, Vol 40, No. 5, (Sept 1,
1989), pp 2824-2827, 20 ref.

Summary: I n response to the recent announcerents of
evidence for roomtenperature fusion in the
el ectrolysis of DO we have analyzed how the fusion
rate depends on the reduced mass of the fusing nuclei,
the effective mass of a 'heavy' electron, and the
degree of vibrational excitation. Qur results have
been obtained both by accurately solving the
Schrodi nger equation for the hydrogen nol ecul e and by
usi ng the WKB approximation. W find that in light of
the reported d-d fusion rate, the excess heat in the
experiment by Fleischmann, Pons, and Hawkins [1] is
difficult to explainin terms of conventional nuclear
processes.

Not e: This paper asks, "...whether the crystal
environment could open the <channels for the
radi ationless reaction p +d --> 3He (5.4 MeV) and d
+d --> e (196 keV) + mu (5.2 MeV)." The authors
concl ude that the probability of reaction through this
channel is still relatively low. The conclusion is:
"On the basis of our analysis we have concl uded that
the excess heat reported by Fleischmann, Pons, and
Hawki ns cannot be explained in terns of conventional
nucl ear processes."

[1] ™M Fleischmann, S. Pons, and M Hawkins,
"El ectrochenical ly

i nduced nucl ear fusion of deuterium" J. Electroanal.
Chem, 261, pp 301-308, and erratum 263, pl1l87 (1989).

A NEGATIVE COLD FUSION TRIAL
(Courtesy of Dr. Samuel Faile)

S.H Faller, RW Holloway, S.C. Lee, "lnvestigations
of Cold Fusion in Heavy Water", J. Radioanal. Nucl.
Chem Letters, vol 137 No. 1, pp 9-16, (1989), 4 refs.

This paper was recei ved 30 May 1989 and accepted 2
June 1989. The authors tried a variation of the
Fl ei schmann- Pons- Hawki ns experinent and found no
nucl ear byproducts. They used a hollow cylinder Pd
cathode 6 cm long by 3 nm dia with about 1 nmm wall
t hi ckness. The paper gives no details of any cathode
preparation (an alnpbst sure indication of inmmnent
failure). The anode was iron, the electrolyte was
NaOH |l ater changed to LiOH by the introduction of
Li C, Qher experimenters have warned that carbon can
contam nate the experinent ("Creating a Wrki ng Fusi on
Cell", Eusion Facts, Vol 1, No. 2, August 1989 pp
1-3).

FUSION: PRUDES OR SCIENTISTS?

"Fusion: Prudes or Scientists", The Plain Dealer,
Friday Dec. 29, 1989, editorial.

This editorial includes the follow ng: "The DOCE panel
wasn't even convinced that excess heat had been
observed -- despite reported and unreported findings
of this phenonmenon from at l|east 16 teans of
scientists, including two groups at



the DOE-funded Oak Ridge National Laboratory in
Tennessee and two groups at Case Wstern Reserve
Lhiversity here. The panel noted that 13 teans with
published reports and 13 groups with unpublished

findings had failed to find such results. The
inmplication -- that since nmany nore groups did not
find excess heat than did, the results nust be
questionable -- is patently absurd."

After giving exanpl es of hardening of the intellectual
arteries, the article concludes: "Yet from this
vantage point, it appears the tree is ripe for

shaki ng. \What prudes scientists have becone if they
fail to be intrigued by the unexplained. And how
unlikely to find the answer if they fail to |ook.

A FAI LED HATCHET JOB
(Courtesy of Marsha Freeman)

Rantanu Maitra, "Cold Fusion: A Failed Hatchet Job",
The New Federalist, Jan 19, 1990 page 11.

Article rel ates Pr of . Russel | M Kul srud's
condemmati on  of cold fusion findings in his
presentation at the 1989 International Conference on
Pl asma Physics held in New Del hi inlate Novenmber. Dr.
Kulsrud is affiliated with the Plasma Physics
Laboratory at Princeton Univ. Dr. M Srinivasan of
Bhabha Atom c Research Centre (BARC), Tonbay, India
pointed out that while cold fusion may be dead at
Princeton it is alive and well in India.

According to the article, Kulsrud stated, "There is
definitely no energy generation of the order claimnmed
by Pons and Fl ei schmann in their el ectrolysis of heavy
water with palladi um cat hodes. "

Kul srud nmade it plain that he believes that Pons and
Fl ei schmann made sl oppy neasurenents. |In contrast Dr.
Srinivasan presented details of the BARC cold fusion
experiments in which tritium generation was 100
mllion tines nore than the neutron

generati on.

REINVENTING THE BATTERY
(Courtesy Avard Fairbanks)

"Reinventing the Battery", Popular Science, February
1990 page 23.

Fai rbanks points out that this new LBL battery using
uses a lithium anode and solid-state thin filnms and
di sul fide polymers as the anodes. D scharge rel eases
electrons from the lithium and breaks the
sul fur-sulfur bonds in the polyner. The opposite
occurs during charge. Batteries operate at room
tenperature and have shown virtually no decrease in
performance after 100 charge-di scharge cycles.
Fai rbanks suggests these batteries as candi dates for
many fusion power systens.

LETTERS FROM READERS.

DEUTERON FUSI ON - NO NEUTRONS

Letter from Harold Aspden (Visiting Senior Research
Fel | ow) , Dept . of El ectri cal Engi neeri ng, The
Uni versity, Southanpton, England. (Dated Jan 8,
Recei ved Feb 1, 1990 after the article on neutrons and
cold fusion was witten.)

Dr. Aspden wites: "...in 1986 | published a paper in
the Hadronic Journal concerni ng the neutron and the
deuteron [1]. | pointed out that there were no

neutrons in the deuteron. The neutron is only known
inits free state when ejected by high energy action.
More inportant, just as the neutron has a mmgnetic
nmonment (though electrically neutral) as if it has an
antiproton core for 22/23 of the time, so the deuteron
has a magnetic nonent which tells us that it too
spends one seventh of its tinme as a neutral core with
a satellite positron. The proof is the wvalid
theoretical cal culation of magnetic nonent to part per
mllion precision, as disclosed in the paper [1].

"Youw || see fromthis that deuteron fusion can occur
under col d conditions with no neutron em ssion, if the
deuterons cone together whilst in their neutral phase.
This [fusion] is aided by the annihilation of the
positron by electron flowin a cathode conductor. M
guess is that the top fewlayers of the cathode becone
saturated with tritons and protons and so arrest the
fusion process after a while, so any practical
impl enentation will need to reverse the anode-cat hode
current for short recovery periods to cleanse the
surface."

[1] H Aspden (Univ.-Southanpton), "The theoretical
nature of the neutron and the deuteron", Hadronic
Journal Vol 9, No. 4, pages 129-136 (31 July 1986) 19
ref erences.

NOTE: Aspden filed a patent for “"Electrically
Controlled lon Fusion', UK Patent Application No.
8,908,571. The patent application was dated 15 April
1989. Ed.

DI FFUSI ON PROCESSES

Professor Valerij V. Bryksin is a co-author (wth
Prof. Haral d Botger) of Hopping Conduction in Solids

(Academ c- Vel ag, Berlin, 1985). This book was
reviewed briefly in FEusion Facts Vol 1. No. 5, Nov.
1989, page 13. The statement was nmde: "It is the

opinion of the Editor that Bottger and Bryksin could
provi de sone insights into the phenonena of charged
particle conduction in palladiumlattices." W have
received a response to our letter to Prof. Bryskin
which reads in part as follows:

“...1 and nmy colleagues are interested in an
investigation of the cold fusion which was first
observed in the University of your state. O course,
I and ny col |l eagues want to take part in studying the
phenonena. A field of such an investigation is vast.
Because of our specialization we are nore interested



in a cooperation on a theoretical investigation of

di ffusion and el ectrodi ffusion of ions incrystalline
lattices. We think that an investigation of diffusion
processes taking into account a correl ation between
charged diffusible particles and a formation of D+D
pairs is especially inportant. These processes in
external electricfields (correl ated el ectrodiffusion)
are also of interest in connection with a recent
comuni cation from Japan where a reaction in the gas
phase and at high electric field potential (about 12
KV) has been observed. The experinent reported a
strong flash of neutron radiation. It seens to me that
a study of ion nmovement in lattices taking into
account the effect of the cathode surface is also
i nportant."”
Addr ess:

Prof. V. V. Bryksin,

Str. Karpinskogo 8, Flat 32

Leni ngrad, USSR

195256

NOTE: The book Hopping Conduction in Solids deals
mai nly wi th phenonena of el ectrons and sem conduct ors.
However, Chapter V, "Recent Devel opnents”, contains
reports of interesting devel opnents that were added in

proof in 1983. Chapter |V, "dassical Hopping
Transport”, deals with diffusive atonmic notion. This
subj ect becane i nport ant in the st udy of
superconductivity and wll be of inportance in

| earni ng nore about col d fusion. The book includes 24
pages of references. W strongly urge our readers who
share an interest in furthering the theory of cold
fusion to comrunicate with Prof. Bryksin. Ed.

NEGATIVE PAPERS ON COLD FUSION

Fusion Facts has received three conments urging us to
give nore attention to negative results. Wth the
pl ethora of positive results, we believe that authors
reporting negative results while trying to replicate
the Fl ei schmann- Pons- Hawki ns experiment can only be
enbarrassed by further attention. Therefore, we try
to contact such experinenters, send theminformation,
and suggest other nearby successful researchers who
can help. One of the best definitions of a scientific
fact is "the <close agreenent of a series of
observations of the same phenonena."” The many
observations by researchers fromover 50 | aboratories
in over ten countries of the production of neutrons,
and/or tritium and/or excess heat in the heavy-water
I'i t hium pal | adi um el ectrochenical system have proven
that cold fusion is a scientific fact. Wuat has yet
to be published is the nmethods by whi ch the experinent
can be replicated and achi eve the precise sane results
at each try.

* * *

D. NEWS FROM INDIA

BARC COLLECTION OF PAPERS.
(Courtesy of Drs. Brophy and Guruswany)

P. K. lyengar and M Srinivasan, Editors BARC Studies
in Cold

Eusion (April-Septenber 1989), published by CGovt. of
India, Atomc Energy Conmi ssion, Bhabha Atonic
Research Centre, Tronbay, Bonmbay, |ndia, BARC 1500, 1
Dec 1989, 20 articles.

The BARC collection reports on the extensive work
acconpl i shed at the Bhabha At om c Research Centre that
began imediately after t he announcemnent by
Fl ei schmann and Pons on March 23, 1989. The papers
cover April through Septenber 1990. El even papers
report on various electrolytic cell experinents, four
papers report on experinments in which titanium and
pal | adi um shapes are |oaded with deuterium gas, and
five papers are on theoretical considerations. The
publi sher/distributor is listed as the Bhabha Atonic
Research Centre, Bonbay. Oiginally the work on cold
fusion in India was treated with sone secrecy (press
was not admitted to the first cold fusion neeting in
India) but Dr. lyengar has been quoted as favoring a
free exchange of research results to nore rapidly
pronote this new technol ogy. W applaud Dr. |yengar
for his foresight.



The Conclusions of the work to date is sunmarized by
lyengar and Srinivasan as foll ows:

"I nvestigations of cold fusion phenonena carried out
at Tronbay during April to September 1989, have
positively confirmed the occurrence of (d-d) fusion
reactions in both electrolytic and gas | oaded Pd and
Ti metal lattice at anbient tenperatures. Neut r on
em ssion has been observed at tinmes even when the
current to the electrol ytic cell was switched off or
in case of gas loaded Ti targets when no externally
induced perturbation such as heating, cooling,
evacuation etc was effected.”

The main findings of the Tronbay i nvestigations are as
fol l ows:

1. Tritium is found 100 mllion tines nore than
neutrons (averaged over a variety of experinents).
Neutrons and tritiumappear to be produced in the sane
time intervals.

2. Cold fusion in electrolytic cells begins after a
charge of about one anpere-hour per sq. centineter of
pal l adium (or titanium. This is about equivalent to
0.6 ratio of O Pd. However, one paper suggests that
0.8 may be a significant D)Pd ratio.

3. Once fusion reactions begin, the cathode produces
about 100, 000 neutrons and about 10 tritium atons per
sg. cm of cathode, regardless of the details of cell
desi gn.

4. Neutrons are enmitted essentially singly with a
Poi sson distribution from both electrolytic and
gas-| oaded experinents.

5. About one-tenth to one-fourth of neutrons are
generated in bunches of 100 or so neutrons in a 20
mllisecond tine period. Since it is unlikely that
these neutron events are matched with a cascade
production of 10 atons of tritium the neutron bursts
may be due to lattice cracking or a simlar event.

6. The gas-loading of Ti and Pd together with the use
of medical X-Ray film for self-photographing of the
tritium decay is an elegant manner to show nucl ear
events. Spots of activity are highly localized with
titaniumbut nore diffuse wth palladium

7. The high probability for the tritiumbranch in d-d
cold fusion would indicate processes of neutron
transfer across the potential barrier. This mechanism
has been di scussed el sewhere:

[P. K. lyengar (BARC - Tronbay, India) in "Cold Fusion
Resul ts

in BARC Experiments" (Fifth International Conference
on Energing Nuclear Energy Systens, Karlsruhe, July
3-6, 1989) states in his summary: "The very high
probability for the tritium branch in cold (d-d)
fusion
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reactions woul d indicate processes of neutron
transfer across the potential barrier as postul ated by
Oppenhei mer over half a century ago and el aborated on
nor e

recently by Rand MNally..." (See Qppenheiner and
Philips, "Note

on the Transnut ati on Function for Deuterons". Phys Rev
48, 500,

1935) Ed.]

The BARC editors conclude: "If neutron transfer as
envi saged by these aut hors does take place so easily,
it may have many inplications for the future of
nucl ear technology, for the deuterium nuclide n ght
very well do the work which free neutrons do in
present day fission reactors. In the context of the
emerging energy production scenario, aneutronic
nucl ear reactions such as this may give rise to new
nucl ear technol ogi es provi ding a cl eaner energy source
for the twenty-first century."”

NOTE: Al though the editors did nmention excess heat as
one of the observed byproducts of nuclear reactions,
paper A-5 (Radhakrishnan et al, "Search for
El ectrochenmically Caltal ysed Fusion of Deuterons in
Metal Lattice") has the follow ng observation after
listing the neutron and tritium nucl ear reactions of
d-d: "In the present work, the enission of neutrons,
reasonabl y above the background level, and the build
up of significant tritiumactivity in excess of the
bl ank val ue, have been confirmed in four different
el ectrolysis experinents. In certain experinents
nei ther the evidence for significant neutron eni ssion
nor any appreciable build up of tritiumactivity has
been observed. It is likely that in such cases
charging was not sufficient for ensuring optinum
loading of the lattice with deuterons for inducing
fusion. However, it appears that in addition to
reaction channels (2) and (3) [the neutron and tritium
branches], the possible occurrence of a non-emitting
nuclear process cannot be precluded."

"This reaction can be witten as Pd + D+ D --> 4He +
Pd*, which inplies that the lattice is excited to a
hi gher energy level to conserve both nonmentum and
energy. It is likely that during the subsequent
lattice relaxation, the excess energy stored in the
lattice is liberated as heat. This mechani sm woul d
lead to the formation and build up of heliuminside
the netal and can possibly account for the observed
low vyield of neutrons or tritium in «certain
experiments."

The followi ng papers are included in "BARC Studies in
Col d Fusion (April-Septenber 1989)":

PART A. ELECTROLYTIC CELL EXPERIMENTS

A-1. MS. Krishnan, S.K Ml hotra, D.G Gaonkar, M
Srinivasan, S.K Sikka, A Shyam V. Chitra, T.S.
lyengar, and P.K. lyengar, "Cold Fusion Experinments
Using a Commercial Pd-Ni Electrolyser", 10 pages, 5
refs.



Two quotes are of interest: "...tritiumproductionis
much hi gher than the neutron yield, although in 'hot
fusion' their probability is known to be approxi mately
equal ." "An inportant observation of this work is that
"spent' Pd el ectrodes seemto | ose their capability to
support cold fusion reactions as can be seen from a
conparison of the results of RUNL and RUN2."

A-2. M G Nayar, S.K. Mtra, P. Raghunathan, MS.
Krishnan, S.K. Ml hotra, D.G Gaonkar, S.K Sikka, A

Shyam and V. Chitra, " Prelimnary Results of Cold
Fusion Studies Using a Five Mdule H gh Current
El ectrolytic Cell", 5 pages.

The conclusion states: "The electrolysis though
carried out for limted periods only has shown
conclusively that cold fusion occurs in this system
also." The tritium neutron ratio is reported to be

about 1 billion to 1.

A-3. MS. Krishnan, S.K. Ml hotra, D.G Gaonkar, MG
Nayar, A. Shyam and S.K. Sikka, "Observation of Cold
Fusion in a Ti-SS Electrolytic Cell", 5 pages.

The concl usions state: "The results of the neutron and
tritium measurenments seemto strongly indicate that
cold fusion occurs in the Ti-D system al so. When
conpared with Pd-D systens where big neutron bursts
are observed, in the present systemthe neutrons are
produced at a |ow but nore or |less steady rate." It
was observed that the Tritiunineutron ratio was about
10 million. Qur Anerican readers should note that PTFE
stands for pol ytetrafl uoroethylene and can be
transl ated as Tefl on.

A-4. A Shyam M Srinivasan, S.B. Degwekar, and L.V.
Kul karni, “Miltiplicity Distribution of Neutron
Em ssion in Cold Fusion Experinents", 13 pages, 9
refs.

The conclusion states: "...in the light of the
experinmental ly deduced neutron-to-tritium branching
ratio of 108 we are obligedto come to the intriguing
conclusion that during bunched neutronic events
upwar ds of 10 fusion reactions occur in under 20
msec. As this appears very unlikely, the authors are
inclined to believe that bunched neutronic events are
not acconpani ed by tritiumproduction with a yield of
10® and hence lattice cracking where the branching
ratio is close to unity would appear to be the nost
pl ausi bl e cause for bunched neutron em ssion."

A-5. T. P Radhakri shnan, R Sundar esan, J.
Arunachalam V. Sitarama Raju, R Kalyanaraman, S.
Gangadhar an, and P. K. | yengar, "Sear ch for

El ectrochemically Catalysed Fusion of Deuterons in
Metal Lattice", 11 pages, 5 refs.

The following quote is of interest: "The predoni nant
process during d.c. polarisation is the electrolysis
of D,0and has been checked by measuring the vol ume of
D and O, nixture liberated in a fixed electrolysis
tinme using a precision integral
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flow neter and by gas chronat ographi c anal ysis of the
conposition of the gas mxture. As excess heat is
liberated over and above electrolysis, it is clear
that some other reactions are responsible for the
excess enthal py observed. Pauling ascribed the excess
heat to the formation of palladium deuteride.
However, Bockris and coworkers have shown that
exothermic effects due to solution of D in Pd;
reconbi nation of Datons; formation of DO etc. cannot
account for the observed heat evolution. Nor nal
chemical reactions cannot account for the generation
of neutrons or the production of tritium during
charging of Pd with deuterons. As has been pointed
out by Fleischmann and Pons , the results can be
rationalized and understood on the basis of cold
fusion reactions occurring between deuterons in the Pd
lattice as indicated ...". Paper then discusses the
nucl ear reactions of d + d. See in Note above
follow ng the list of conclusions. Ed.

A 6. T.P. Radhakri shnan, R Sundar esan, S.
Gangadhar an, B. K. Sen, T. S Mur t hy, "Tritium
Generation during Electrolysis Experinment", 13 pages.

Thi s experinment used a Pd cylinder 1 cm inlength and
with a surface area of 6.37 sq. cm The paper notes:
"...around 1,000 hrs. there was a change in the cell
behavi our. The bottom of the cell was shattered due
to expl osi on. Before the explosion it was noticed
that the cell tenperature shot up from71 deg Cto 80
deg C and the bubbling rate was | ow. "

"Met al | ographi c exam nation of the palladi um cathode

. whi ch experienced an expl osi on showed an ext ensi ve
twinning within the palladium grains with wormlike
m crostructure. This is suggestive of an intensive
shock-wave inpact on the netal."

A-T7. G Venkat eswar an, P. N. Moor t hy, K. S.

Venhat eswarlu, S.N. Guha, B. Yuvaraju, T. Datta, T.S.

lyengar, M S. Panajkar, K A Rao, and Kanal Kishore,

"Burst Neutron Emission and Tritium Generation from
Pal | adium Cathode Electrolytically Loaded wth
Deut eriunt, 12 pages.

The paper includes the following comment: "The
electrolytic cell design was optimsed mainly wth
respect to observation of fusion products rather than
the accurate nmeasurenent of excess heat output. This
i s because the quantity of heat required to raise the
tenperature of 1 gm of DO even by 1 K demands the
occurrence of about 1013 fusions and hence heat
neasurenent appears to be an insensitive nethod of
confirm ng whether cold fusion occurs in the cathode
or not."

These scientists from the Chemcal Goup and the
Heal t h Physics

Division, intheir initial work did not expect to find
lots of excess heat. They make the follow ng
observation: "In general very few groups have been
able to reproduce the large heat output reported by
Fl ei schmann et al and Mathews et al (Indian J. Tech.
vol 27, No. 229, 1989). Even to match



a cooling rate of 0.1 K per mnute in a cell of
dimensions reported in the present paper it would
require the occurrence of fusions at a steady rate of
about 10%° per sec. hence there is no wonder that
the excess heat output went undetected."

The paper concludes with: "...Energy production from
cold fusion of deuterium in an electrolytically
charged Pd matrix in a sustained manner nmay require
nore systematic exploration to identify the various
paraneters governing the occurrence of the process,
not the least inportant anong which is the proper
pretreatment of the electrode.

A-8. H Bose, L.H Prabhu. S. Sankarnarayanan, R S.
Shetiya, N. Veeraraghavan, P.V. Joshi, T.S. Mirthy,
B. K. Sen, and K G B. Sharnm, "Verification Studies in
El ectrochemically Induced Fusion of Deuterons in
Pal | adi um Cat hodes", 10 pages.

This experinent used a 1 x 1 x 1 cmcube of palladium
as cat hode and pl ati num wi re gauze as anode and | asted
for seven weeks. The paper reports: "At the end of
1365 anpere-hours, current was changed to pul si ng node
(... 0.5Afor 1 sec followed by 2.5Afor 11.5 sec) for
about three hours and then to the cycle 0.5A for 1
second followed by 4.5A for 1.5 sec). The latter
lasted for about ten mnutes when an explosion
occurred inside the cell resulting in the cell lid
being thrown out with the el ectrode assenbly."

Again reported: "Wen the Pd-D,0 main experiment was
conducted in current pulsing node with | ow heat sink
tenperature environnent, the cell experienced a

tenperature transient of about 25 deg C over a period
of 8 mnutes. The cell had a mild explosion which
dismantled the cell configuration. ...". "During seven
weeks of electrolysis, the Pd-D,, cell experienced in
all three explosions, two of which lifted the cell
lid."

Data for heat neasurenents were taken and are
provi ded. Wiile excess heat was found, the
measur enent s were deened not to be of the quality that
shoul d be used to confirm excess heat. Ed.

A-9. T.S. Murthy, T.S. lyengar, B.K Sen, and T.B.
Joseph, "Tritium Analysis of Sanples Obtained from
Various Electrolysis Experinments at BARC', 10 pages.

This report sumarizes the nethods by wich tritium
content in various experinental sanples was neasured.

A- 10. MS. Krishnan, S.K Milhotra, and S K
Sadhukhan, "Material Balance of Tritium in the
El ectrol ysis of Heavy Water", 8 pages, 6 refs.

The report states: "In this short note we have
attenpted to give a conplete material balance of
tritiumescaping the systemin the formof DT gas and
al so as DTO vapor.
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Tritiumproduced in excess of what is predicted from
this equation nay be attributed to nuclear fusion
reactions."

A-11. K Annaji Rao, "Technique for Concentration of
Hel iumin El ectrolytic Gases for Col d Fusion Studies",

5 pages, 3 refs.

The paper states: "In order to concentrate the helium
in the gas phase an experinental technique has been
devi sed wherein D, and O, generated by electrolysis is
catalytically reconmbined in situ facilitating gas
collection over long periods of electrolysis. The
results obtained by this techniques followed by gas
chromat ographi ¢ anal ysis are given in the paper.”

The concl usi ons i nclude: "Though all the rel eased gas
i s contained and concentrated to a residual vol unme of
1 to 3 mM, no helium could be detected in all the
experiments." No comrents were made as to the
possibility of the He being consumed by other nuclear
reactions. [See also review of paper by Abell et al
under C. (MORE NEWS FROM U.S.) Ed.]

PART B. D, GAS LOADING EXPERIMENTS

B-1. P. Raj, P. Suryanarayana, A. Sathyanmporthy, and
T. Datta, "Search for Nuclear Fusion in Gas Phase
Deuteriding of Titanium Metal", 4 pages, 4 refs.

The results included: "After a soaking tine of about
20 mnutes, sanple tenperature was raised gradually
[from77K], while simultaneous evacuati on was started.
W thinabout 15 min. the neutron counter registered an
increase in count rate reaching a max 3900 (as
conpared to background counts of about 60)."

B-2. V.K Shrikande and K. C. Mttal, "Deuteration of
Machi ned Titani um Tar get s for Col d Fusi on
Experi nents", 3 pages, 6 refs.

The paper contains the follow ng: "I't was noticed
that targets could typically absorb about 10%°
nol ecul es of D, ... successful deuteration depends on
various experinmental factors ... Initial sandbl asting
of the targets for cleaning and roughening of the
surface leads to better absorption of D. Inpurity
content (such as O, N, etc.) in D, should be <0.1%
Since the glass vacuum chanber is isolated fromthe
punpi ng system during D, absorption, it is inportant
that the vacuum chanber be lead tight. Smal | air
| eaks may contaminate the D, "

B- 3. R K. Rout, M Srinivasan, and A Shyam
" Aut or adi ography of Deuterated Ti and Pd Targets for
Spatially Resolved Detection of Tritium Produced by
Col d Fusion", 4 pages, 5 refs.



The conclusions include: "The evidence presented in
the paper seens to be indicative of cold fusion
reactions occurring in some of the deuterium | oaded
titanium and palladium targets. It has not been
possi bl e to conclusively establish whether the fusion
reactions occur during the deuteration process or
subsequently. Also it is not clear whether the
reactions occur in sporadic bursts or continuously.
However one of the disc targets, which gave i npressive
spotty radiograph did give rise to a significant
neutron burst which produced 10° neutrons over a
period of 85 minutes."

B-4. MS. Krishnan, S.K. Ml hotra, D.G Gaonkar, V.D.
Nagvenkar, and H K Sadhukhan, "Evidence for
Production of Tritium via Cold Fusion Reactions in
Deut erium Gas Loaded Pall adi unf, 5 pages, 5 refs.

Inthese experinments the deuteriated target palladium
was kept in contact with distilled water for a few
hours to extract the tritiumby isotopic exchange into
the water.

The concl usions include: "Gas | oaded Pd sanpl es have
provi ded evidence for the first tine of the presence
of tritium strongly suggesting the occurrence of cold
fusion reactions. The Pd-D system does not require
high pressure of D, gas and also no external
perturbation is required to create non equilibrium
conditions as suggested by De Ninno et al."

PART C. THEORETICAL PAPERS

C-1. R Chidanbaramand V.C Sahni, "Materials |ssues
in he So-Called 'Cold Fusion' Experinments", 2 pages,
6 refs.

Thi s paper fromthe Physics G oup specul ates that the
excess heat observed by Flei schmann and Pons i s due to
deuteride formation. The final paragraph states: "To
sumup, we feel that the neutronic signals reportedto
have been seen in sone of the recent el ectrochem cal
experiments deserve to be viewed in the light of the
material s science of palladium deuteride. Al though,
if it is finally confirmed, this so called 'cold
fusion' would be physically very interesting, the
possibility that it will lead to a significant new
energy source appears doubtful at present.”

Thi s paper was published in "Current Science", June 5
1989 (Vol. 58, No. 11 pp 597-598). Not long after the
article was witten, there were results from BARC
experiments that lead Dr. lyengar, the Director, to
state that cold fusion is a reality and not an
artifact of experinent.

C- 2. B. A Dasanacharya and K. R Rao, "Renmarks on Cold
Fusion", 2 pages 7 refs.

Thi s paper nakes sone interesting conments about the
large energy fluctuations that are normally found in
materials. The conclusion states: "...we note that
a nunber of known phenonena give evidence for the
presence of |arge energy
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fluctuations of small nunber of atons over short
times and these nmy be considered as one of the
possi bl e nodes for'starting' a cold fusion which would
then be followed by nore nucl ear reactions involving

the product of the first fusion reaction. Such
fluctuations nmay vary considerably depending on the
condi tion of the solid/experinents, |ike concentration

gradient, field gradient, nearness to a transition
etc.”

C 3. S.N. Vaidya and Y.S. Miyya, "The Role of
Conbi ned El ectron-Deuteron Screening in D-D Fusion in
Met al s", 4 pages, 9 refs.

The authors showthat the conbined ef fect of screening
by

both the electron and the deuteron or by a deuterium
nolecule in the palladium lattice can rai se the
probability of fusion events to a range of values of
10 to 10 per second. These values lie within the
range of val ues indicated by cold fusion experinents.

C-4. Swapan K. Ghosh, H K. Sadhukhan, and Ashish K
Dhara, "A Theory of Cold Nuclear Fusion in Deuterium
Loaded Pal | adi un', 4 pages 18 refs.

Cal cul ations by the authors show that the fusion rate
per deuteriumpair per sec is a strong function of the
D/Pd ratio and ranges from 1020 to 3.45 x 1018 as the
D/ Pd varies from 0.5 to 1.2. The concl usion states:

"...we enphasize that the screening nechani smdue to
guantum boson plasma can significantly enhance the
cold fusion rate. However, due to extrene sensitivity
of the predicted rate on the screening | ength, further
studies incorporating the effect of tenperature, non
adi abatic degrees of freedom non equilibrium
conditions etc are in progress to confirmthe role of

t he suggested nechanismin the observed col d fusion.

C- 5. T.C. Kaushik, M Srinivasan, and A. Shyam
"Fracture Phenonena in Crystalline Solids: A Brief
Review in the Context of Cold Fusion", 3 pages, 22
refs.

Thi s paper summarizes the literature concerning fusion
events due to ‘'fracto-fusion'. The concl udi ng
paragraph states: "Meanwhile along wth fusion
signals, the detection of electric fields and rel ated
acoustic em ssion during cracking in the present type
of cells or gas-loaded netals, should be able to
indicate if the fracturing of netals because of

deuterium loading is at least partially, if not
conpletely, involved in the observed cold fusion
phenonena. "

NOTE: In the Septenber 1989 issue of Fusion Facts, we
cited from the TIMES OF INDIA the followng:
"Reportedly, sone Indian scientists have deternined
that the current | evel of heat produced by col d fusion
is sufficient to war r ant further scal ed-up
experiments. Their studies indicate that the heat
density from a power plant design is currently
conpetitive with the heat density in a commercial
coal -fired power plant." In view of this forner
newspaper article, the volume of papers fromBARC is
al so of interest in what they do not, as yet, report.
However, the papers provi de sone




excel l ent additional insight into the processes of
cold fusion. In addition, the fact that one research
facility in India has 53 scientists (the nunber of
authors for the above papers) reporting on various
aspects of

cold fusion is significant. Ed.

POSSIBLE FUSION MECHANISM
(Courtesy Rantanu Maitra)

J.K Bhattacharjee, L. Satpathy, and Y.R Waghnare
(I'ndian Inst of Tech, Kanpur), "A possible mechanism
of cold fusion", Pramana - J. Physics, Vol. 32, No. 6,
June 1989, pp L841-1L844. 1 Ref.

Abstract: A possible nmechanismfor the occurrence of
nucl ear fusion at room tenperature is presented.
Neutralization of the positive charge of the deuteron
nucleus by its orbiting electron due to Ilarge
enhancenent of effective mass results in the vanishing
of the Coulonb barrier which facilitates fusion at
room t enperat ure.

An interesting coment from the paper: "It may be
remenbered that deuteron is a very |oosely bound
systemwi th root mean square radius of 4.2 fm Fifty
per cent of the tine the neutron and proton spend
out side the range of the nuclear force." See also the
letter from Aspden under Section C

* * *

E. MORE NEWS FROM ABROAD
ENGLAND

THE SUPERGRAVI TON AND FUSI ON
(Courtesy H. Aspden)

H. Aspden (Univ.-Sout hanpton), "The supergraviton and
its technol ogi cal connection", lationsin ien
and Technol ogy, Vol 12, No. 3, pages 179-186, 12 refs.
[ An appendi x discussing applications to solid-state
fusion was added in July 1989 while paper in proof
formbut inspired by the

Fl ei schmann- Pons- Hawki ns announcenent . ]

Abstract: This paper shows howthe 2.587 GeV graviton
discussed in the first issue of Speculations in
Sci ence and Technol ogy accounts for a supergraviton
state of 95.18 GeV. This suggests a pairing of the
2.587 GeV graviton with the 92.6 +1.7 GeV Z boson in
a resonant response in certain nolecular systens.
Technol ogi cal inplications are di scussed wi th enphasi s
on the "warnm' superconductor phenonmenon found in
perovskite conpositions having nol ecul ar masses that
are integral nultiples of 95.18 GeV c2.

The appendix states: "Note that these fusion
experiments invol ve

the entry of light atons (deuterium into the body of
an el ectrode conposed of heavy atons (palladiun). The
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graviton inflow has to adjust to supergraviton form
because pal |l adiumhas an atom c mass in excess of 102
. "

"...Now suppose that a light atom of mass M nu can
enter into nol ecul ar associ ation with the heavy atom

bringing with it its graviton cluster. |Indeed, for
generality, suppose that n such light atons form a
union with the heavy atom Then, the graviton

resonance has to be such that A + nMis approx =
102.18 + 6.60

where nM is necessarily less than 6.60. I f enough
such resonant atoms can survive |ong enough to act in
a concerted decay adjustnent as the graviton clusters
transform in supergraviton states, then conceivably
there is sufficient transient energy involved in the
background field fluctuation for fusion on the nlight
atons to occur."

"... lgnoring fusion of hybrid conbinations of Iight
atons, the

only possible nuclear reactions involving catalyst A
in the

gravi ton-supergraviton transition are:

M=l (hydrogen) A=106.78: only silver has the 107
i sot ope
M=2 (deuteriunm) A=104.78: only palladi umhas the 105
i sot ope
M3 (tritium A=102.78: only rhodium has the 103
i sot ope. "

The appendi x concl udes: "The technol ogi cal concl usi on
to be drawn from this sinple analysis is that the
supergraviton is involved in the Fleischmann and Pons
di scovery and that the fusion activity mght well be
enhanced if the palladium electrode wused wth
deuteriumelectrolysis is enriched by the i sotope 105.
The 'cold fusion' catal ytic stinulus of supergraviton
resonance is further discussed in the author's UK
Pat ent application.”

NOTE: See al so LETTERS FROM READERS under Section C.
Ed.

GERMANY

LASER-INDUCED COLD FUSION?
(Courtesy of Dr. Sanuel Faile)

Christoph Steinert, "Laser-Induced ' Senicol d Fusion",
Fusi on Technol ogy, Vol. 17, Jan. 1990, pp 206-208, 5
refs.

Abstract: "The | arge high-energy |lasers required for
inertial fusion are at present beyond state of the
art, and there are other problems (instability of the
fuel target, suprathermal electrons, etc.) as well.
Therefore, it is hoped that the energy requirenent for
inertia fusion can be reduced with the help of cold
fusion, which takes place wthin the electrode
material confining the fuel (avoiding instability
probl ens) . Wth the 'semicold fusion cell,' |aser
energy is transferred into the 'hot' part of the fuel,
which is confined within the cathode in a cavity, and
credit is taken from fast projectiles (tritium
stemming fromthe (t,p) branch of cold



fusion in the 'cold netal lattice. The latter is
the key to the nodel of a dynamc process for
potential growth between the cold electrode and the
hot confined fuel in the semicold fusion cell."

HUNGARY

FUSI ON TRI GGERED BY DI ELECTRI C CONSTANT
(Courtesy of Dr. Sanuel Faile)

C. Har gi t al (Hungarian Acadeny of Sci ences) ,
" Consi derations on Cold Nucl ear Fusion in Palladiunt,
J. Radioanal. Nucl. Chem, Letters, Vol 137, No 1, pp
17-22, (1989), 4 refs.

Abstract: The possibilities for cold nuclear fusion
in an electrochemcal cell are discussed. It is
suggested that the cold nuclear fusion can be
triggered by rising the dielectric constant of the
cathode material around a val ue of 20.

The paper states: "...It is found that under these
conditions at el ectronotive force snaller than 1 volt,
the fusion rate can exceed 1 per second whenever
epsilon [the dielectric constant] is greater than 20
or so. This way, i i
impossible in a Fleischmann-Pons cell."

The final paragraph is important: "I'f this
consideration on cold nuclear fusion is valid, that

is, the continuum approximtion for dielectric
screening is justified for extremely small subatonic
di stances and there is really a netal-semn conductor
transformation in the PdH, system the effects due to
hi gh dielectric perneabilities in the PdH shoul d show
up in all nuclear processes where the Coul onb barrier
mani fests itself. For exanple, the al pha-decay and
t he spontaneous fission of high atom c nunber nuclei

must be catalyzed by the dielectric environment

especi al | y when the Coul onb barrier is extrenely high.

This can give further possibility to test these
consi derations. "

PSEUDO-COMPRESSION OF D,
(Courtesy of Dr. Sanuel Faile)

G Horanyi (Hungarian Acadeny of Sciences), "Sone
Basi c El ectrochem stry and the Col d Nucl ear Fusion of
Deuteriunt, J. Radioanal. Nucl. Chem, Letters, vol
137, No. 1, pp 23-26, (1989), 4 refs.

The abstract: "The role of electrochemstry in the
di scovery and interpretation of the alleged cold
nucl ear fusion is discussed.”

The paper provides a nathematical discussion of the
way in whi ch the apparent cl oseness of deuteriumatons
in a palladium lattice can be conpared with a
conpression of D, in the gas phase (as suggested by
Fl ei schmann, Pons, and Hawkins in their first paper).
The author states: "The aimof the present paper is
to show that a strict analysis of
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ki netic and equilibriumrelationships for palladium
electrodes inplies that the cal culation of pressures
of "astronom cal nmagnitude' should be rejected.”

FUSION IN Fe-Zr ALLOY?
(Courtesy of Dr. Samuel Faile)

E. Kuzmann, M Varsanyi, L. Korecz, A Vertes, T.
Masunmoto, F. Deak, A Kiss, L. Kiss (Eotvos Univ.,
Budapest), "lnvestigation on the Possibility of Cold
Nucl ear Fusion in Fe-Zr Anorphous Alloy", J.
Radi oanal . Nucl . Chem , Letters, Vold 137, No. 4., pp
243-250, (1989), 9 refs.

Abstract: "Neutron, gamma, and Mossbauer spectroscopy
were used to study the possibility of cold nuclear
fusion in FegZri, anor phous ri bbon havi ng hi gh hydrogen
absorbing ability. No significant changes in the
neutron and in the gamm spectra were found at
deuterizationperforned el ectrochem cally at different
cat hodi c potentials. The observed differences between
t he Mbssbauer spectra of sanples deuterizedin air and
i n nitrogen at nosphere can be expl ai ned by decrease of
deuteri umuptake as well as by a small heat effect due
to reaction of hydrogen with oxygen di ssol ved i n water
in the case of electrolysis carried out in air."

Thi s Hungari an-Japanese effort used a thin ribbon in
an electrolytic cell having a Na,SO, el ectrolyte. The
neutron, gamm, and Mssbauer spectroscopy did not
give any clear indication of cold fusion.

The authors note that the lack of results in the very
thin sanpl es used in their experiment does not exclude
the possibility of cold nuclear fusion in a bulk
zi rconi um cont ai ni ng anor phous nateri al .

ITALY AND EGYPT

IMPURITIES AND FUSION
(Courtesy of Ramtanu Maitra)

M Vaselli, MA Harith (Cairo U), V. Palleschi, G
Salvetti, and D.P. Singh (Istituto di Fisica Atomca
E Mol ecol are-Pi sa), "Screening Effect of Inmpurities in
Metal s: a Possi bl e Expl anation of the Process of Cold
Nucl ear Fusion", Il Nuovo Cinmento, Vol 11 D, No. 6
(June 1989) pages 927-932, 10 ref.

Summary: The screening | ength of the deuteriumion by
surroundi ng el ectrons in a palladiummetal lattice, as

estimated wusing two approaches -- viz. t he
Thomas- Ferm screening theory and the Debye screening
theory for plasmas in netal -- is found to be less

than the interatom ¢ separation of ordinary hydrogen
nol ecul es. This has inportant inplications for the
possibility of cold nuclear fusion at room
tenperature, since slight fluctuations in equilibrium
conditions



may drive the deuterons to fuse together. The
rel ati ve magni tudes of screening length for the cold
nuclear fusion regine and classical hot nuclear
regines (inertial and nmgnetic confinement) reveal
that in the former a conparatively smaller anount of
energy is needed to overcone the repul sive Coul onb
barrier between two deuteriumions.

SRI LANKA
LITHIUM-HELIUM FUSION

Kanapat hi pi I lai Mirukesapilliai (Univ of Jaffna),
"I'gnition of Thernonucl ear Fuels Wilising the Energy
Li berated in SLi(n, T)*He Reactions", Japanese Journal
of Applied Physics, Vol 28, No. 8, Aug 1989 pp
1462- 1467, 15 refs.

Abstract: SLi(n, T)*He fusion reactions occur readily
at roomtenperature and |l i berate 4.8 MeV per reaction.

It is shown here that this energy can be utilized to
ignite thernonuclear fusion fuels. The main fuel

considered here is a m xture contai ni ng equal nunbers
of tritium and deuterium nuclei. Rate equations and
their numerical solutions are presented. The
solutions showthat it is possible to ignite the DT
fuel with an initial charge containing equal nunbers
of 6Li nuclei and neutrons. A brief sketch of a
probable fusion reactor which would utilize the
proposed heating schene is al so presented.

Thi s paper has sonme interest in cold fusion because of

t he suggested Li + neutron reaction to produce tritium
and helium The role of Li in cold fusion cells has
not been fully docunented.

* * *

F. SHORT ARTICLES FROM AUTHORS

TRITIUM DANGERS

By Dr. Dennis Cravens, Vernon, Texas

Note: The author is a professor at Vernon Regi onal
Col | ege.

Tritiumis a heavy isotope of hydrogen. |Its nucleus
consi sts of one proton and two neutrons. Tritiumis
very rare in nature and it is estimated that only 11
grams of naturally-occurring tritiumis inthe entire
at nosphere of the earth. Tritiumhas a half-life of
only 12.28 years and radioactively beta decays. This
decay neans that tritiumis relatively safe (| owlevel
radiation) as long as it is outside a |iving being.
If tritiumenters the body it can cause considerable
radi ati on danage.

Most of the tritium has been produced by placing a
Li-6

containing material, such as LiF [US. Patent No.
3,079,317 (1963)] in a high neutron flux. Mst of the
U S. production of tritium has been done at the
Savannah River Project. Recently, the safety
consi derations have caused concern over the continued
production of tritiumat Savannah River. The site may
be totally shut down at some future tine.
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The production of tritium has been the focus of sone
national security concern since the tritium can be
used as part of the production of H bonbs. The
concernis that as ti me goes by without the production
of new tritium the existing tritiumstock will decay
(losing one-half in each 12 years).

The original Hbonb designs nade use of liquified
deuteriumand tritiumto be used as "kindling". This
kindling was to be placed around a U 235 core and
served as the igniting match to supply great
tenperatures and pressures to start the fusion
reaction. The use of lithium hydride (deuterated)
avoi ds the use of

refrigeration and reduces the conpl exities of the bormb
design. The lithium®6 is fissioned by the neutrons
from the wuranium explosion to form tritium and

hel i um 4. If tritium is used with the [lithium
hydride, as well as the deuterium then there is a
| arger release of neutrons (called a U bonb). The

result is that the nmore abundant U 239 can be used as
an outer shell to give even greater power. The result
is a very powerful bomb with a mnimm amunt of
costly U 235.

Cold fusion produces tritium as a byproduct. The
result is that any nation that can construct an atomc
bonb could al so produce H bonmbs or U bonmbs with only
a mninmal armount of difficulty. The energy yield of
even a "sinple atomic bonmb" is reported to be
increased by sinply allowi ng uranium enbrittlenment
with tritiumto increase the fast neutron release.
The political difficulties of large-scale tritium
production and availability is obvious.

Fusion has a higher available energy content per
wei ght than does fission. 1In the fission of uranium
only about 0.1 percent of the total energy (nt? is
rel eased. In fusion of hydrogen the anpunt is closer
to 0.5 percent. This fact is the reason that nuch
nore energy is released during a thernonucl ear
explosion than during a pure fission bonb expl osion.
Tritiumis a prime conponent of thernmonucl ear bonbs.

Tritiumhas been produced fromcold fusion cells. In
fact, it is sinpler to neasure the tritium from a
small cell than it is to set up a large cell that
produces heat. The detection of |NCREASI NG quantities
of tritium (above that caused by continued
el ectrolysis) is proof that nuclear events are taking
place. Unfortunately, it is often hard to prove that
tritium is being produced and not just being
concentrated due to |oss of deuterium For exanple,
tritiumis retained by netals better than deuterium
and deuteriumis renoved fromisotopes of water faster
than tritium (This renoval is due to the diffusion
rates based on nmss differences.) This fact nakes
nmeasurenents of tritiumproduction nore difficult than
one m ght assune.

The best work to date is by K WlIf and Packham at
Texas A&M [1,2] and by Storns and Talcott [3] at Los
Al anos.



Even these careful experinments nust be exam ned
cl osel y. In any future experinments, the starting
values of tritium in the water and rods nust be
tightly controlled. One key in such experinents is
reconbining any generated gas to inprove the
concentration of tritiumthat m ght otherw se be |ost
with the deuteriumgas evolved fromthe cathode. Thin
plastic containers should be avoided to prevent
concentrating tritiumdue to the nore rapid diffusion
of deuteriumfromthe system

The use of reconbination of tritiumis inportant for
ot her reasons. Tritiumrepresents a health problemif
it is allowed to enter living tissue. Although its
beta decay is low energy and easily shielded, the
tritiumcan be damagi ng to |iving organi smwhen inside
body cells. The tritiumcan be nore easily handl ed by
reconbining the tritium into T,0 Al'l  hydrogen
i sotopes diffuse easily through the snall est openings
when they are free hydrogen gas. Water can be nore
easily contained.

The tritium can be reconbined in a nunber of ways.
These nethods include "wettabl e catal ysts" and heated
platinumwi res. Catalysts used in fuel cells seemto
work well. | personally use heated platinumwres so
that catal yst poisoning (due to S conpounds in sone
el ectrolytes) is avoided. The inportant featureis to
chemically conbine the tritiumso that it will not be
in a volatile state which can diffuse into the |ocal
environment and breathed by the unwary experinenter.
The reconbi ned material should be returned to the cell
or treated as a |l owlevel radioactive |iquid.

Perhaps sone enterprising individual wll offer to
take any spent electrolytes and reconbined water so
that experinmenters could have a place to dispose of
such naterial. The naterials collected could then be
purified, the tritiumrenoved, and the deuteri umoxide
(heavy water) be resold. W need to plan ahead as to
how best to handle the tritiumcontaining byproducts
before large and high-energy cells are placed into
operation.

REFERENCES:

[1] KL WIf, NJ.C Packham D R Lawson, J.
Shoenaker, F. Cheng, and J.C. Wass (Texas A & M,
"Neutron Emi ssion and the Tritium Content Associ ated
wi t h Deut eri umLoaded Pal | adi umand TitaniumMetal s. ",

May 23-25, 1989, Santa Fe, NM

[2] N.J.C Packham K L. WIf, J.C Wss, RC

Kai nthla, and J. O M Bockris (Texas A&M, "Production
of Tritium From D20

El ectrol ysis at a Pal | adium Cat hode. ", J. El ectroanal.

Chem_ vol
270 (1989), pages 451-458.

[3] Ednund Storns and Carol Tal cott (Nuclear Materials
Div, LASL), "Electrolytic Tritium Production", Paper
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LAUR 89-4138, Draft Rel eased Dec. 1989, 19 pages, 23
refs. [Abstract: 53 electrolytic cells of various
configurations and el ectrode conpositions have been
exam ned for tritium production. Significant tritium
has been fund in eleven cells.]

THERMAL EFFICIENCY AND AUTORADIOGRAPHY
By Dr. Dennis Cravens, Vernon, Texas

Note: The author is a professor at Vernon Regional
Col | ege.

Very little information has been gathered as to the
role of tenperature within the cold fusion process.
Yet the operating tenperature of a cold fusion cell

will likely play an inportant part in the ultimte
utility of such devices. It is hoped, as
reproduci bility is inmproved, that nore experinenters
will investigate the tenperature effects within the

phenonenon. Most current el ectrochenical cold fusion
experiments have been conducted at near room
tenperature. Some high pressure gas experinents have
seen low |l evels of neutrons as deuterated netals or
heavy water ices are heated from liquid nitrogen
tenperatures. There have been reports of tritium
rel eases fromelectric spark induced exploded wires
that have been | oaded with deuterium Photographs of
sonme research cells woul d i ndicate that hi gh pressures
are being attenpted but as yet no formal public
announcenents have been made. [See Note at end. Ed.]

The calorinetric studies normally use a large heat
bat h pl aced near roomtenperature (or slightly above).
A smal |l heat source warns the device and a record is
kept as to how nmuch energy it takes to keep the system
at a given tenperature. |f a cell gives off heat then
there is a decrease in the energy required by the
smal | heat source to maintain the given tenperature.
For the system to work there should not be any
unexpected or large |osses of the heat bath into the
environnment. This process is why npst heat baths in
calorimetric studies work near roomtenperature. This
fact is also why nobst experinentation has been
conducted at room tenperature.

Practical heat-generation devices shoul d, however, be
run at hi gher tenperatures. There are several reasons
for this choice. First and forenmpbst are the
thernmpdynami c restraints on any energy dynanpb. The
ultinmate efficiency of any energy generating deviceis
proportional to the difference between the working
tenperature (T1l) and the rejection tenperature (T2).

For a Carnot cycle, the efficiency =1 - T2/T1
(Tenmperatures in degrees Kelvin). The rejection
tenperature is basically the tenperature of the | ocal
environment and cannot be easily controlled. The

result is that the working tenperature of the cells
will ultimately dictate the efficiency of any energy
generation applications for the device. Even if two
cel | s produce the sanme net integrated energy, the cell
with the greatest working tenperature will ultinmately
generate the (greatest USABLE energy. Wor ki ng
tenperatures also effect the thermal notion



of any deuteriumwithin the host netal lattice. This

will Tikely increase the success of deuterium in
surmount i ng Coul onbic barriers and crystal defects of
the host netal lattice. It also increases popul ations
of higher energy states. Bush [1] has cal cul ated the
power relation for Pd to be:

P(+)
™

Summation exp (-Tn/T), wher e
(2n + 1)2 (3.62 deg K).

This factor Tn is the relative ratio of excess energy
generation conpared to the value at some very |ow
tenperature. For Pd this ratio is 3.99 at 293 K and
is 5.70 at 600 K. Bush derives these values fromthe
thermal popul ation and wavel engths of deuterons of
supposed energy |levels set by the nolecul ar geonetry
of the bound deuterium in the deuterated netal
lattice.

These two effects (thernodynamic efficiencies and
popul ation statistics) would indicate that cells
wor ki ng at hi gher tenperatures woul d give the greatest
energy yields. There are also other factors that may
decrease the net efficiency of a cell at higher
tenperatures. The prine factor is the deuteriun netal
molar ratio. As the tenperature goes up there is a
tendency for hydrogen to | eak out of the netal lattice
sites. In other words, the deuterium diffuses nore
quickly when it and the netal are at higher
tenperatures. This effect has been used in hydrogen
storage for autonobiles. Hydrogen is first stored in
a netal lattice then recovered as the tenperature is
rai sed.

One sinple experinment that someone may wish to try is
the use of autoradi ography. It is possible to produce
smal | -scal e nucl ear events by sinply |oading a netal
di sk with deuteriumgas. Wen the disk is placed upon
a phot ographi ¢ emul sion the nuclear activity exposes
the filmin the area where the nucl ear events occur.
The degree of exposure or fogging can be correlated
to the nuclear activity in the sanple. This technique
is used in biological studies. 1t should be possible
with sinple materials to check the tenperature effect
of nuclear events within host netal |attices which are
| oaded wi th deuterium (Experinenters shoul d be warned
as to the change of film sensitivity with conditions,
for exanple with tenperature.) This film exposing
technique offers the potential of rapid screening of
various nmetal alloy ratios, metal crystal structure,
and ot her experinental variables.

The foll owi ng gives a possi bl e experinment (not as yet
perforned to my know edge) and how aut or adi ogr aphy can
be enpl oyed. First a lithium palladiumrod is nmade
with a given nolar ratio. The rod is then "cl eaned"
by using a "reverse current". That is, the rod is
used as an anode in the electrochemcal cell. The
lithiumis released fromthe rod nore readily than the
pal | adi um | eavi ng pore openings. As the rod is being
"cl eaned", it is slowy wthdrawn from the
el ectrol yte. The areas of the rod in the |ower
section
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will then have a greater depletion of its lithium
This process produces a rod with a range of Li/Pd
nolar ratios. This rod can then be |oaded wth
deuterium Once | oaded, the rod can be w thdrawn and
placed within a photographic enulsion (such as an
X-ray film. The enmulsion or filmnmay be affixed to
the rod under pressure to prevent rapid |oss of the
deuterium and the film should be chenmically isolated
from the metal to prevent chemcal effects from
altering the emulsion. Separating the metal fromthe
emulsion or filmwith a thin plastic film should be
adequat e.

After a suitable tinme, the photographic material can
be renoved and devel oped. Examination of the exposed
film(suitably marked so that the spatial relationship
of the filmand the nmetal is retained) should provide
spatially-related information as to the nuclear
events. In this case, the filmwll be examned to
deternmine the best Li/Pd ratio. The greater the
foggi ng (or nunber of spotted events) the greater the
chance that nuclear events are occurring in the
correspondi ng all oy m xture.

It is hoped that autoradiography will help in studies
of the process and aid in the selection of preferred
materials and t enper at ur es. An advent ur ous
experimenter may want to try a photographic study of
a working cell as viewed through a thin plastic w ndow
and thin thicknesses of electrolyte.

Not e: During the sane time period that we received
this article fromDr. Cravens, we al so recei ved copi es
of the 20-article report from BARC. Several of the
BARC articles are based on sonme experinents with
deuteriumgas |oaded nmetal lattices then exposed to
X-Ray film The Li/Pd experiment is an excellent
suggestion. How coul d one performa sinmlar range of
values with an Ag/Pd rod? Ed.

REFERENCES

[1] Dr. RT. Bush (Cal State Polytech, Ponmpna), "A
Transm ssi on

Resonance Mbdel for Cold Fusion.", Presented at COLD
FUSION - A

STATUS REPORT session in conjunction with the ASME
W nter Annual

Meeting held in San Francisco, CA Decenber 12, 1989.
[ This paper

presents a resonance nodel for cold fusion and shows
how t he

phenonenon is tenperature dependent.]

SOME NOTES ON HYDRIDES.
By Dr. Sanuel Faile, Cincinnati, OChio.

The binary alloy ZrV, can absorb hydrogen isotopes up
to a conposition of ZrV,H, ; and desorb hydrogen w t hout
significant pulverization [1]. The pure zirconium
according to Hurd [2] would have to be heatedto a red
heat to rel ease the absorbed hydrogen: "The thernal
di ssociation of zirconiumhydride is simlar to that
of titanium hydride, and the conpound deconposes to
hydrogen and netallic zirconiumat a red heat". The
question occurs, would the vanadi umadded to zirconi um
produce an alloy that woul d



desorb the hydrogen at a | ower tenperature? |f so,
woul d the ZrV, binary alloy be a good candidate for a
cathode in a fusion cell?

Shaw [3], page 102 shows the dissociation pressure
i sotherms for palladiumhydride upto a ration of H Pd

of 0.6. To maintain a ratio of 0.4 for palladium
hydride at 313 C requires about 28 atnpspheres of
pressure. As the tenperature rises the isotherns

appear to approach a limting and lower H Pd ratio.
I't woul d be of interest to understand how t hese curves
woul d be changed under the electric field conditions
of an el ectrochem cal fusion cell.

In considering various binary alloys that may be
candi dates for use in cold fusion it is inportant to
have an understanding of the phase diagrans.
Massal ski's book i s a val uabl e resource for such phase
di agrans [4].
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INDUCED CURRENTS IN Pd CATHODE.
By Andrew E. Huber, San Diego, Calif.

Note: M. Huber has spent years in analyzing circuits
and systens for space application for possible failure

nodes. Hs insights my be of interest to
researchers. One of the calorinmeter structures
appears to be based on the structure used by Huggi ns
of Stanford. The interplay of electric/mgnetic

fields may play an inportant role in sonme observed
fusion events. Ed.

The F-P circuit can be viewed as involving the
followi ng interrel ated paraneters:
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1. The electric field(s) in the cathode, as defined
by the battery connection(s).

2. Current densities in the cathode, as defined by
t he square-shaped (or hex-shaped as determnmi ned by the
anode wire support) anode, the round cathode, the
electric field(s) in the cathode, the voltage between
anode and cathode, and the resistance of the
electrolyte.

3. Magnetic fields in the cathode, due to the earth's
magnetic field, the four (or nore) external magnetic
fields fromthe four (or nore) faces of the anode, and
four (or nore) internally generated fields arising
from higher incident surface «current densities
opposite the four (or nore) corners of the
squar e- shaped anode coil .

The i sothermal cal ori meter can be viewed as consi sting
of an anode cylinder, surrounded by three shells of
(paramagnetic) alumnum as denagnetizing the F-P
circuit as follows:

1. The cylinder renmoves the regions of relatively
hi gher incident current density, thereby renoving the
four (or nore) internally generated magnetic fields.

2. The fields fromthe four (or nore) faces of the
square grid di sappear.

3. The three al um numshel | s provide a shunt nmagnetic
path around the cathode for the earth's nagnetic
field, as well as for any magnetic fields from the
anode.

The | HF calorineter, larger in size than the F-P
cal ori meter, can be viewed as consisting of a sol enoid
wound anode, surrounded by one shell of alum num as
denagnetizing the F-P circuit in a simlar nanner.
The anode- cat hode spaci ng (approx. 2 cm) inplies that
the grid was made nore nearly circular, thereby
reducing the ratio of maximum to mninmum incident
surface current density. This would result in |ower
peak current densities and associ ated magnetic fields.
The al um num shell, as in the case of the isothernal
calorimeter, provides a shunt path for the earth's
magnetic field. The shell would al so provide a shunt
path for the solenoid field fromthe anode to cat hode.

* * *

G. COMING CONFERENCES ON COLD FUSION

THE FIRST ANNUAL CONFERENCE ON COLD FUSION
UNI VERSI TY PARK HOTEL

SALT LAKE CITY, UTAH

MARCH 28-31, 1990

This conference is sponsored by the National Cold
Fusion Institute. Advance registration is preferred.
Regi stration for the conference shall be limted to
200 participants and wll



be accepted on a first-cone first-served basis.
Regi strations made by phone or mail postmarked before
March 11, 1990 will entitle the registrant to the
reduced rate of $200. Thereafter, (if any slots are
still available) the fee will be $265. Cost includes
the proceedi ngs to be published after the conference.

For conference information or registration:

Phone 801/ 466-3500; Fax 801/ 466- 9616.
Wite: Katharine C. Blosch, PW

640 E. W/ mington Ave.,

Salt Lake Gty, Utah 84106

The conference planning committee:

John Bockris, Texas A&M Martin Fleischmann, U U,
Robert Huggi ns, Stanford; B. Stanley Pons, U U, Hugo
Ross, U U, and MIlton Wadsworth, U U.

CONFERENCE AND CALL FOR PAPERS
THE WORLD HYDROGEN ENERGY CONFERENCE #8

Abstracts nmust be submitted by February 28, 1990.
Send abstracts (250 word limt) to:

Pr ogram Chai r man, WHEC8

Hawai i Natural Energy Institute

Uni versity of Hawaii at Manoa

2540 Dol e Street, Hol nes 246

Honol ul u, Hawaii 96822 USA

Conference is sponsored by International Association
for Hydrogen Energy, U.S. Departnment of Energy, the
University of Hawaii, and others. Sessions on Cold
Fusi on are schedul ed to cover Experinents, Physics of
Col d Fusion Reaction, and Calorinetry - Spectroscopy.

Conference will be held fromJuly 22 through 27, 1990.
Conference will be at Honol ulu at Wi ki ki on Gahu for
the July 23 through 25. The July 26 session will be
at Wailoloa on the Big Island. Conference costs are
$395 to $595 dependi ng on where you stay and when you
register.

For further information:

Tel ephone: (808) 948-8890
FAX: (808) 948-8890
Tel ex: 65027 82483 M

FUSI ON CONCEPTS COURSEWARE COSTS
2-Diskette Set |BM conpatible.$ 95
Specify 5 1/4" or 3 1/2" Diskette
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FUSION ANNOTATED BIBLIOGRAPHIES COSTS
Published on 5 1/4" or 3 1/2" Diskettes. I ncl udes
INFOFIND search and retrieval program

Three Vol unes now avail abl e.

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

CONSULTING SERVICES

Consul tation services can be used

to evaluate research proposals and al so to define new
busi ness opportunities and/or declining

markets for specific industries.

(801) 583-6232

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

EUSI ON ASI A

C-9 Ni zanmuddi n East

New Del hi 110013, India
$40 for 4 issues.

21st CENTURY SCI ENCE AND TECHNO OGY
P. 0. Box 65473, Wash, D.C
$20 for 6 issues.

EUSI ON TECHNOL QGY

Recent |y added new section on Col d Fusion
555 N. Kensingon Ave.

LaGrange Park, Illinois 60525

$310 for 2 volumes + 1 suppl enent.
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Paul Prows..... Depart nental Editor
Christine Marshall..... Gircul ation
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COVPANY:

PO BOX, DEPT:

CaTY:

STATE. ZI P,
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