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The weltknown hot fusion is initiated by apphg
very high energy to tritium and/or deuteariun plasma,
or by bombarding material containing deuterium with
the cathode in an electrolytic cell. Since then, a battle accéerated ions containing deuterium. This reaction has

has waged between skeptics who reject the claim and t_>een studied for over 80 years_and provides the gonve
people who observe behaviour that is consistent with tional understanding of the fusion process. In this case,
the claim. This article briefly summarizes the major ©Once two deuterons ke fused, the resultingusleus
experimental observations. A compaion article in fragments into two parts consisting of a neutron el

this special section provides insight into how the Or a proton and tritium, with each fragment having equal
observations might be explained. probability of forming. The excess mass energy of

Twenty-five years ago in March 1989, Martin Fleisb-
mann and Stanley Pons announced their success in-n
tiating fusion between deuterons in paddium used as

23.8MeV marifests as kinetic energy of the fragments
and eentually appears as heat energy.

The process of interest here, called cold fusion or more
exactly LENR, is characterized by the following beha
viours. The process takes place in solid materials under
Introduction ambient conditions without application of significam:- e
ergy. For this reason, the process is considered cohd co

HUNDREDS of papers have been published about thRared to the en_erg}ecquwe4d to initiate hot fusion. When
claims made by Fleischmann and PonsR)E many peer €Xcess energy isetected,”He is also found in amounts
reviewed: over a dozen bodks have summarized the consistent with the amount of measured heat energy, with
information; and the subject has been debated at conf@n energy/helium ratio ne@3.8MeV/helium. Tritium is
ences and reviewed in government reports. Of courgdso produced on occasion in amounts well in excess of
several book$*? emphasize the skepticaliewpoint. its local background, but not enough to produce detec
Consequently, agfusion continues in many minds aboutable energy. The means for dissipating the excess
what is known and what the behaviour means. No singleass energy has not been identified, but involves units of
paper proves that low energy nuclear reaction (LENR) fergytoo small to permit easy detection. Althougtoph
a real éfect. The proof lies in the consistent agreemeriPns are dtected, some people prefer to think most of the
between many independestudies done over the last 25energy is released as phonons that cannot be detected.
years in at least eight countries using a variety ofimet The LENR process also is found to cause what is called
ods materials and while observing many different ben&ansmutation. This process involveddion of hydo-
viours that are consistent with a novel nuclear procesd€n nuclei to a heavier nucleus such as palladium or other
Because this collection is too large to describe herg, orelements present where fusion is taking place. Theran
a few examples are provided. Thetadls can be found in muted nucleus can remain intact or fragment into two
two books by the present author with bheummarizing Other nuclei. One of the major challenges is to explain
all obsevations made before 2007 and the other focusirgPW the large Calomb barrier is overcome, since, prima
on the important observations. Theskservations are facie, one expects that the hydrogen nucleus may not be
then used to evaluate many éations, including his able to reach the region where nuclear attraction takes
own**. over, lecause energies involved are low. But one must
Two kinds of fusion involving isotopes of hydrogen arélso remember that we are teg here with nuclein a
apparently possible. Because each occurs as a result §Hd matrix and that the interuclear interaction could
different mechanism and produces different nucle&€ different from those between bare nuclei. Tefisi-
products, they are unrelated. These two fusion process@dge has caused the claims for 7'[rans:mutatlon to be
are called hot fusion and cold fusion. Attempts to use h&giected in spite of growing evider¢é”. When fragme-
fusion to understand cold fusion have resulted in mudAtion occurs, the excess rsasnergy appears as kinetic

confusion and frequent rejection of cold fusion. energy of the fragments. However, on theasaans when
fragmenétion does not occur, explaining how energy is

used up becomes a problem similar to the one created
*e-mail: storms2@ix.netcom.com when cold fusion occurs without fragmentation of the
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resultinghelium or tritium nucleus. Both kinds of tre&n samples. Excessnergy means more energy is detected
mutation are rare and generally appear to produce eitliean can be accounted for by the applied energy or by a
stable nuclei or radioactive nuclei that quickly decay to @hemical in theapparatus. Generally, potentially active
stable istope. chemicals are few and the potential chemical reactions
The fusion process has been initiated on the cathodeare well understodd
an electrolytic cel(P method); on the davde when a Figure 1 shows a comparison between thmimer of
modest voltage is applied in lepressure gas to form studies reporting values in the indicated power range
deuterium ion plasma (gas discharge); when an actiecempared to the reported excqssver (see note 1) for
material is simply exposed to,@r H, gas (gas loading), results reported before 2007 using all six methods found
when excessive voltage is applied to an ebigtic cell to produce rcess energy. Although small amounts of
to form plasma in the electrolyte (plasma electrolysisheating power are most common, large amounts of power
and on a metal target exposed to ultrasound while,(d D are acasionally found. In all cases, the measured power
(sonofusion). All of these methods have generated excasswell in excess of the errors in measurement, which are
energy along with some nuclear guets found on or geneally between 25 and 20@W, depending upon the
very near the surface of tteetive magrial. Apparently, amount of power the calorimeter is designed to detect.
the fusion process can be initiated in a variety of differefithe distribution in Figure 1 is similar to the expected
conditions using a variety of materials as the emviro result of a process having random sourcesnargy that
ment. combine to create the total measured power. Because
The discovery promises a source of ideal energy arldese sources rarely form, the probability of creating an
greater insight into nuclear interaction. In view thie increased number of active sites goes down as the number
failure of conventional energy sources to satisfy demard energyproducing events goes up, i.e. as more power is
while poisoning the environment, both locally and werl produced. In other ords, the bhaviour is exactly what
wide, this source of clean energy demands increaseguld be expected to result from a rare, statistically ra
attention. dom process involving many indepiamt events combing
to produce the average measured power. In this case, the
rare event is success in creating a nuclear actiie
(NAS). Consequently, the challenge for successfa+ pr

. L duction of energy involves finding ways to create more
Because error can occur in any scientific study (some reghs  several methods have been suggested for impro

and ®me imagined), replication by many independenfy syccess using the electrolytic metftgd. Unfortu-
investigators is required before an extraordinary C|aII’Hate|y many authors do not fully dain how success
can be accepted. In the case of LENR, replication of the,s 5 chieved either out of ignorance or for commercial

process has been achieved many times, but it is not eagy,sons. Consequently, success in reproducing the effect
Many efforts fail. These failures atben used to reject ;g handicapped.

the claim. Over the years, many reasons why failure
occurs have been identified and success has improved
when this knowledge is applied. Even though succe [&® T T T Y
cannot be guaranteed, failure is not rational a reason T AR 157 values_0.005-183 W. 12.7 W mean
reject. Instead, flure shows that theequired conditions i
were not achieved. This difficulty in achieving the 8@
required conditions demonstrates that many of the impc

tant variables have not yet been identified. For thés re !
son, they cannot be controlled to cause LENR etieng Ll | == : "]
an attempt is made. This handicap is similar to thélgno
experenced by all new discoveries.

A few examples of how heat production is related to
few variables and how it is correlation with heliunnnfa
tion are described here. Too little spasavailable to d- : .
scribe tritium production, transmutation and radiation ! | ! 1 1
emission, which provide additional important evidenc : :
for a complex nuclear process.

Discussion

Count

Energy production

/A i P | —
Heat energy is the most obvious and the most sought 0 9 % 2 180 20
sult of LENR. A bibliogr@hy available atvww.LENR. aais

org lists over 700 papers resulting from studies duringigyre 1. Histogram of power produced by 157 measurements
which excess energy was produced by one or motgorted before 2007 (ref5).
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Because all calorimeters used to measure power dfiest, an independent replication was be made byyappl
different and norstandard, an analysis of each method img procedures found effective in a differenbdaatory in
required to judge the amount of error and how plales a different country. Second, the amount of power is
the clamed value might be. Such an analysis has beshown to be related to the average D/Pd ratio in the
done and applied to several individual measuremendample, as has been found by many other independent
using the electrolytic meth88%. A few people have e  studies® ™ starting with =P (ref. 8). Figure 2 shows a
tinued to suggest errof$*%. These critiques have beentypical example of this refionship. A composition above
acknowledged and answef&®. In generalthe evala- a criical value must be achieved before detectable power
tions agree that the claimed excess energy is real, but iotproduced. This behaviour is key to explaining many
always as large as claimed. failures, because such high compositions are not easy to

Some of the claims have been replicated on purpoaehieve. It also shows an expectethtionship, i.e. tle
rather than by the usual method, which is trial and errooncentration of fuel in the material influences the rate of
while relying on random chance. The claims ePFRvere the usion process. This critical value is not universal but
replicated by Lonchampet al® in 1996 using a cal depends on the nature of the cathode.
rimeter of a design identical to thased by FP. They
concluded that ‘The FleischmaHPons calorimeter with
precautionary measures taken is simple and precise e{ﬂ@
their calorimeter is very accurate and well adapted to o )
study cold fusion. They were able to replicate excess e Of all the nuclear products, helium is found in the grea
ergy at temperates up to the boiling point of . amount_and shows a cleaoreelation Wl_th excessnergy

A study done at SRI by McKubret al®® replicated the production. Sixteen examples of this correlation have

Superwavd* method. Two features are worth noting Peen identifi_ed, with a particularly clear oneoyided in_
P g Figure 3. This study done at SRused a sample contai

ing 5% Pd applied to coconut charcoal. The study was
undetaken by heating in pressurized, @as, which
caused the helium content inside the container tougrad
ally increase as excess energy was detected until the

lium

= helium concentration exceeded that in the surrounding
E atmosphere. The average MeV/He resulting ftbenstudy
= is slightly greater than the expected value of 28&8//He,
o}
3
o]
Qo
2 Table 1. List of studies that resulted in a value for the ratio of amount
§ of helium compared to the amount of excess enexgyessed as H&/-s
i} (ref. 14)
Source He/W-s
(reference) Power (W) (u10™ Method
088 089 090 091 092 0nu3 094 095 096 097 098
Atomic ratio (D/Pd) 57 0.1 2 Electrolytic
. . . L 0.05 2 Electrolytic
Figure 2. Relationship between D/Pd ratio in a Pd cathode and the 0.02 5 Electrolytic
resulting excess energy. The composition is measured using tse resi ' y
;4
tance atio®. 58 0.055 1.6 Electrolytic
0.04 2.5 Electrolytic
- 0.04 1.4 Electrolytic
" - 0.06 0.7 Electrolytic
160 - R =090 0.03 0.75 Electrolytic
iun o Differensil y = 18.89x 0.07 1.2 Electrolytic
Z R 0.12 1.0 Electrolytic
o0 Gradient Q = 31413 MeV/atom
2 00 59 0.047 1.7 Electrolytic
g ~—— Differential Q = 32413 MeV/atom / 0.035 1.3 Electrolytic
% % : L 0.055 1.6 Electrolytic
I ot .
-% * ;’%; | 56 2.0 Gas loading
Wl 40 ! f__i | 60 0.1 1.0 Electrolytic
5 . . 61 1.3 Electrolytic
) 4.4 Omitted as outlier
. 3 y 5 6 - 8 1.5 Electrolytic
Helium increase (ppm V) 62 60 24 Sonic
Figure 3. The amount of energy based on two methods for itsrdeteyerage 1.9
mination as a function ofcaumulated helium from Pd deposited on Standard deviation 1.1

carbon®,
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because some helium was apparengtgined by the Pd. 16.

This retention is commonly observedgeedless of the
method used to initiate the effect. Table 1 lists all the
studies that report a relationship between power and
helium production. Although the scatter in values is
large, both as result of errors as well as aalde amount

of

(1.

helium beimg retained by the palladium, theeaage

9 r 1.1 ul0* He/J) is consistent with the value (2u4 18

10'* He/J) expected to result wherD fusion makes He.
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action is now overwhelming. Theext challenge is to
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useful source of energy can be designed. This information

is

tion is, ‘when will this ideal energy be available and®?
which county will first have access to its benefits?’
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