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2. CFP HRDOEHEIG (9) —FBEMESHRRICBITHEHNBFEME
B —

2.1 Fim

o3, FRERM A HR(CFP) OB L%z —>DET /V(INCF 7 /L)&fli>T
JEBAL C&FEL7z[Kozima 1994, 2006, 2014]. ZDiFe T, CFP (ZIZ =2 DL ], &
DUVNTHRAIMENFET HZEERLELT; (D) B BRI AR N 5%
EMERN AL, (2)% yERI; @RIEVE U OREEIZ oW T DR EER], B (3)
5 = 1ERI: BLG (P M U & R B AR i) 5 B D IR P 284K AZ 38 1T 2 40 I & T A A
[Kozima 2011].

CFPIZHT 2 =1ERID—>ThLH21EIZE Lo — kA7 1/ ~divergencies (0.8
<6< 1.4) IZOUWTIE, Schuster 23MEMEMEE D BEABASNIL TUWVET; aclass of
maps (difference equations or recursion relations) which generates intermittent signals
displays 1/ —noise [Schuster 1984 (Sec. 4.3)].

ZOJHRERIMEE Ty CEP ORI, ZOBIRDIEHRIE 17 TSN T&E T
BHEME Complexity LU TELEINRITIVUIRLRNWIEEARIEL CWAHERDIVET
[Kozima 2012, 2013]. ZDam3C Tl FEAFELME irreproducibility & T IR "I REME
unpredictability Z FH#7220 & LT, CFP O#EMMEZA LI L L 9 LBV ET,

—MEm e LT, 2 O HALHITE TIZEB S TE TR0 R D%
HEOMICIFIE DR & T DMRAMEE 2 b > FUIER S L, bivbo



iz, XVttt R B Es 5252 ENTEL IR Z LITHEE
LW EBWET, ZoREBEICEED 72 I Prigogine 73, TOREEZENT-FE
TH- % TV E 9 [Prigogine 1996], #it& OEE. O 7= 12, [FIFED Introduction (A new
Rationality?) % CFRL site @ the News No. 95 OHfIZg# L £7;
http://www.geocities.jp/hjrfg930/News/news.html

KEIZADHNS, WS O OREEZHA L T & £7,

(1) The cold fusion phenomenon (CFP)

The cold fusion phenomenon (abbreviated sometimes as “the CFP”) is the name used
in our papers to express “Nuclear reactions and accompanying events occurring in
open (with supplies of external particles and energy), non-equilibrium system composed
of solids with high densities of hydrogen isotopes (H and/or D) in ambient radiation”
belonging to Solid-State Nuclear Physics (SSNP) or Condensed Matter Nuclear Science
(CMNS).

There are very many events observed by sophisticated experiments which are,
however, not explained using physical principles established by the end of 20™ century.
And therefore, the CFP is not recognized as a part of science by scientists in the
established branches of science and its publication is limited in a small circle of specific
publications.

One of the many reasons induced such a situation is the extraordinary conditions to
get positive results in the CFP which are inexplicable from known principles of science.
The most controversial condition of the CFP will be the irreproducibility or
unpredictability of experimental results which is the theme we take up in this paper to
bridge the abyss between pros and cons of this phenomenon making the nature of events
in the CFP clear logically.

To start the investigation of the essential points of the CFP, it is useful to arrange the
processes occurring in the experiments of the cold fusion phenomenon.

(2) CF material and cf-matter
The field where the CFP occurs may be a special one because there occur events
incredibly different from those occurring in other fields of established science, we have
to use specific terminology which does not have civil right in other branches of science.
We define “the cf-matter” as the necessary condition (or state) for occurrence of the
CFP in a “CF material* (a solid material composed of a host element (e.g. C, Ti, Ni, Pd,
etc.) and a hydrogen isotope (H or/and D)).
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(3) Construction and Destruction of the cf-matter

Construction and destruction of “the cf-matter” (a state in a “CF material” where the
cold fusion phenomenon (CFP) takes place) occur according to the atomic processes
(microscopic processes) in a CF material arranged by an experimental setup
(macroscopic processes) in a dynamical, non-equilibrium system composed of
multi-component inhomogeneous materials (CF materials).

The construction is governed by essentially stochastic (or statistical) atomic processes
occurring in inhomogeneous materials composed of a solid (transition metals or carbon)
and hydrogen atoms H (and/or deuterium atoms D). The atomic processes include
adsorption of H (D) on the surface of solids, absorption of H (D) into the solids,
occlusion of H (D) in the solids, formation of an intermetallic compound (e.g. PdD, NiH,
etc.), or formation of a regular array of a hydrocarbon (e.g. XLPE, microbial cultures,
etc.) where exist stochastic processes (diffusion) and/or self-organization of a
stoichiometric compound from non-stoichiometric solution.

The macroscopic arrangement of an experimental initial condition does not
completely determine the microscopic initial condition at all and there is a vast freedom
not determined by the arrangement which results in variety of CF materials. The variety
itself may produce different effects after nuclear reactions between components of the
CF material (cf-matter).

Furthermore, the self-organization is not controlled by the macroscopic initial
condition at all and therefore the resulting cf-matter is not controllable from outside.

(4) Unpredictability and Irreproducibility

The cause-effect correspondence (relation) for a physical process is divided into three
cases: (1) one-to-one effect between them, (2) one-to-several effects correspondence
with probabilities, (3) one-to-none (or one-to-some effects) correspondence with by
chance (or without any definite probability).

These cases are expressed by the predictability with (1) a quantitative probability
with a definite value, (2) a qualitative probability with statistical values, and (3) zero
probability for the effect.

Correspondingly, the cases are expressed experimentally by (1) a quantitative
reproducibility, (2) a qualitative reproducibility, and (3) irreproducibility.

Here, in the CFP, are two causes of unpredictability (and therefore irreproducibility),
the first is the stochastic processes in the formation of CF materials and the second is
the self-organization of cf-matter in the CF materials including enough amount of



hydrogen isotopes in solids.

Destruction of the cf-matter is induced by the CFP itself that makes the components
of the CF material shift from the optimal ones for the CFP and also destroys the
structure of the CF material by heat and dynamical impact by particles produced by
nuclear reactions. The destruction of the cf-matter is another cause of irreproducibility
and unpredictability.

2.1.1 EMRHEB M Qualitative Reproducibility & %\ N ikt 3RO BLME Statistical
Reproducibility

21 (4) THBILZ X 9T, BEERM 7 SUIRT O unpredictability (7214 rTREME)
1%, EBRAICIE IrreprodUC|b|I|ty GEMBUME) oS LEd, LTFO#EmTIL, 2
DZHOOREIE, IZERCHNEZERTLHE THRLTHWS Z LITLET,
2.1.1a E’fﬁﬁﬁiﬁiﬁ? Macroscopic States & #AfRHJIRER Microscopic States

EARMZREZfEE L Th, JFHEAICHEMREZHE TSRV &1, 8
HMEDHDELZ ZNTHEAROZ & TT, 61T, ERMIZIEREDIREZ IR E
THZENTERWZ &b, ERFRELZZ T, YROZ & TT,

ZOFMEIL, IERIE N FCBIT D TAARREN E OBET, RO X 9 ICKEL
SNTWET

“Measurements could never be perfect. Scientists marching under Newton's banner
actually waved another flag that said something like this: Given an approximate
knowledge of a system s initial conditions and an understanding of natural law, one can
calculate the approximate behavior of the system.” [Gleick 1987 (p. 14-15)]

ZORBUL, BN FORMEZETHL. MOLITEVHRLHET
HDHENIDPESEDFENITTT

“The often repeated statement, that given the initial conditions we know what a
deterministic system will do far into the future, is false. Poincaré (1892) knew it was
false, and we know it is false, in the following sense: given infinitesimally different
starting points, we often end up with wildly different outcomes. Even with the simplest
conceivable equations of motion, almost any non-linear system will exhibit chaotic
behaviour. A familiar example is turbulence.” [Cvitanovic 1989 (p. 3)]

DFE D Gleick A dTH#AYZRFF O E L THRBL L 72“one can calculate the
approximate behavior of the system.” &9 SCEIX, —MRAVIZITIEL <722 <, F#hl
BRRICEOND Z L 2RilT &2 L b\j;éffﬁ‘f%ﬁMN%Aﬁx Sec.1.1.1c
THHI3 5B D Lyapunov exponent % & DR EFRAYRZR D TF ( [Strogatz 1994
(Sec. 10.5)]).



2.1.1b EBREITHE LN =R OEHE
HH %%m_ﬁ%mﬁF%WMﬁmi TR 72 RO ORGSR A2 RE T 2 BAR
MR EBEICBWTHEREINAZ LICLE T — % LTIRGFEESNET, D —
Mi\%ﬁ@%%w%_ﬁﬁtfﬁx5ﬁ®¥wﬁ%ﬁﬁféEﬁ%ffo
ATETCHIH L7z Gleick OSTENZ YT DRV TIEL, #ER O F-EIMEIZHIH S
DBUNRENZEIIC L > THEL TE LWREKR—EREFEEZ 525 TL &k
DD ISR EMIZIRE TE 22 < THEBRERICIIAREN 258 W0TAET
RNVTL XD, ZOXRDRIRWTIE, JRE—FERBERITHBE L HED 5 =
EMTEET,

L, SEHETIER < Tl OFRPEZEBRIC» 125860 6
nET,
ZDO—F % FSHETFE O FA*ﬁf&ibiﬁo%wmzme%m@@a%

B, MR S, Bt 2B D PPgRa D NI, BRI 012k %
ﬁN@kﬁEﬁz%ﬁof\K@D@ﬁuﬁéhi?.
N(t) = N(0) exp(—t/ 7), (1.1)

Ll filx D78 gRa OREEITMERMIEZ Y, o TR+ 5 2
LIITEFE A, DED PgRaNbD afia A H— - ho o Z—THHIL
T oL, afrErmTESFOREMEIIZ(1LD) D772 507t TldZa | F
PEPRIFRRICESND Z LITh BT T,

il 2 DA Z N E R 2B & (B Z TR EIE) 2 R THEG 12, S vk
D HBE S v, WEMEORFRZKIZAICEfT 5 TL L 9, ERIC, CFP
THBHI SN TVWDON, 2O L) 2R THDH Z EiL2.2. 15

T/RTIEY T,

FEMER S D WIFFEHBESMEO S 5 —20fi%, MEO d - d @ta &G T,
Huizenga HHEOARTRO L HIZiHETWET -

“D + D— [*He]* — *He (0.82 MeV) + n (2.45 MeV), (1.2a)
— T(1.01 MeV) + p (3.02 MeV), (1.2b)
— “He (0.08 MeV) + y ray (23.77 MeV), (1.2¢c)

The reactions (1.2a) and (1.2b) have been studied over a range of deuteron kinetic
energies down to a few kilo-electron volts (keV) and the cross sections (production
rates) for these two reactions have been found experimentally to be nearly equal (to
within ten percent). Hence, the fusion of deuterium produces approximately equal yields
of 2.45 million-electron-volts (MeV) neutrons (with an accompanying >He atom) and
3.02-MeV protons (with an accompanying tritium atom). This near-equality of the
neutron and proton branches (production rates) is expected also on the basis of
theoretical arguments. The cross section (production rate) for reaction (1.2c) is several



orders of magnitude lower than reactions (1.2a) and (1.2b).” [Huizenga 1992 (pp. 6 —
7)]. (Numbers of the equations are renumbered at citation.)

HkeV £ TORZ VT —FEIRICI T 5 2 EOHE; 11X Egs. (1.2) TH X B
% 3 HD T v T, Huizenga DR~ TV DREZRIZ LIZH - THERHIZEE Z D
F9. ZRONCOR Rz FETIL, HBoN2EMILOMRTRINET
D, BUEOBOE LB S Ve o T8, iR 2 T35 2 &3 mTRE
T, 2o, 7 upitfickiT 2 FRBMRICEZ2 Z &2/ LT
£,

Huizenga O XX E N RT, HHOE H —DOHICERE L THBEET, M,
Fleischmann 73, fx #] D@ 3L T CFP OFEAEIZEI L TIRD L 5 24T
Z e Ebivbiudmmo TWET

“The most surprising feature of our results however, is that reactions (v) and (vi) are
only a small part of the overall reaction scheme and that the bulk of the energy release
is due to an hitherto unknown nuclear process or processes (presumably again due to
deuterons).”’[Fleischmann 1989]. (The reactions (v) and (vi) in this sentence correspond
to reactions (1.2a) and (1.2b) written above in this paper.)

oz DNEE L2V oid, Huizenga & Fleischmann @, [7] UEBRFE I35 57
72 B ETY, Huizenga 1XFEBRF I L BEFBI FOMHAO T JEEZ R L T\ 5
7205 T3 03, Fleischmann (X[A] U J& 7 B BEAKELE O HH AT 720y something %
THRLTHNDLDTT,

Fx NARDOZ TS TEFICH L TED LS BRI ERTNE VD —fi%
#72 SCHRC. Huizenga & Fleischmann DG DR A2 2 5 L | A4 72 PE O
=% B H L E 9 [Great Learning ([ K52 )];

“When you are angry, you cannot be correct. When you are frightened, you cannot
be correct; when there is something you desire, you cannot be correct; when there is
something you are anxious about, you cannot be correct. When the mind is not present,
we look, but do not see. We listen, but do not hear; we eat, but don't taste our food. This
is the meaning of “the cultivation of the person lies in the correction of the mind.”[Great
Learning (9. The cultivation of the person lies in the correction of the mind.)].

OE (Z2) KELISUR, i Axd, BT EbMox3, &b %
EbHOWmAEME T,

[ CHFFEICKT D ZANORFE O RO AT DIRKNE, S 3M 2%
R TCNDWITHD T ERPPRINTNET
“when there is something you desire, you cannot be correct;”

FARAZ UL, Huizenga (ZBEF DA E DR WEELSET HIZTE T,
ZORIIESNTWDIEAS S BEZRRT LBMEF 2 2hoTl. HD VT4



TaRDehole, LEXET,

HIEMAEERCFP) 2B T2 FR(D AR &b PRI D HERESR
stochastic event Td % Z &I, Fig. 2.1.1 (Z7" L7z Gozzietal. [Gozzi 1991] DE
NEEEBRICE > THLMZSINTHET,

E<IBATWD K 51T, Poisson 4340 1d— & DIRFfA] - 2 MMRICAT D07
FROBOMRPBERHEED AT 22 2R LTWET, flCH S5 HEiE
GCIE, BEHETRFE D O OB N4 T, AR o °gRa O o fREEITZE O—
BT Y,
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Fig. 2.1.1 Frequency count of neutrons as observed in 5421 intervals of ten minutes
acquisitions and as expected in a Poisson distribution. The variability of the expected
values obtained allowing the measured mean value to vary between 1 — o =0.32 and u +
o =0.37 counts/10 min. is also reported [Gozzi 1991 (Fig. 13)].

211c ERBEHETHBE TCERVWHEHEBI 7o RBOB S HKL
Self-organization & A4 AR5 5 FE U

mmimwmamwﬁfIjgkﬂ\(}PK%ﬁ@i7D%%\Wiﬁ$x

T3 L K FRNAK DB F superlattice, 73, FEEMr7y CF M T H ALk L

_iofﬁ/ﬁkéﬂé_f REMENH D £, ZOWRIL, YAROZ LR H, #ﬁ’*%
BHFETREESNLDEDOTHY, BEHANITHIETE FEA, ZOFF
Y7L X T 4 complexity IZBIHEIL T, LITLIFETR U N TEY ﬁ=l%¢
HOIXEO—FITT

“The constructive role of irreversibility is even more striking in far-from-equilibrium
situations where non-equilibrium leads to new forms of coherence.” [Prigogine 1996 (p.
26)]

“Nonequilibrium leads to concepts such as — self-organization and dissipative
structures, - - - .”” [Prigogine 1996 (p.27)]



“Could unpredictability itself be measured? The answer to this question lay in a
Russian conception, the Lyapunov exponent. This number provided a measure of just the
topological qualities that corresponded to such concepts as unpredictability. The
Lyapunov exponents in a system provided a way of measuring the conflicting effects of
stretching, contracting, and folding in the phase space of an attractor. They gave a
picture of all the properties of a system that lead to stability or instability. An exponent
greater than zero meant stretching—nearby points would separate. An exponent smaller
than zero meant contraction (stability). For a fixed-point attractor, all the Lyapunov
exponents were negative, since the direction of pull was inward toward the final steady
state. An attractor in the form of a periodic orbit had one exponent of exactly zero and
other exponents that were negative. A strange attractor (chaos), it turned out, had to
have at least one positive Lyapunov exponent.” [Gleick 1987 (p. 253)]

FOLEMIL, £ORE5lRd 220 R (25T map) @ Lyapunov
exponent D 5 Tk H AL £ T, Hildm X [Kozima 2013] T U7z £ 912,
Feigenbaum’s theorem 723/R 3~ & Z L1 L 5 &, —(HO LA FFOE O ImEI% TR
WENDLRIIAF AR SDEN, LD > TPRIARATEENE unpredictability 5
72O BIEF I irreproducibility 2792 L2720 9,

2.1.2 FEEHMIZOVWTO DOE Reports

Z DU — XD —[nl(From the History of CF Research (1)) CHtY EiF7-X 5
|2, 1989 4F & 2004 4FIC%:# S 7~ DOE Reports [DOE 1989] & [DOE 2004] @
CFP \Zxd oL, B 7 OBEAFOMEE T\ TV 2R3 7% CFP O fEI DO
FERZBERNCHFT L TSN E W) BIRT, HERBLOTHLHZ LIFFERT
. L2L. COE @ Reviews (ZiZ, #6720 OHflKINHHZ & bHFET, £h
I%_ 23R ~7= Huizenga & Fleischmann 3735 D& X A FLEOHKIC b L
H5H0OTY, LLTFIZ, ZOfmXOFEMTH 5 FHBLEICESE L 72 DOE @ Reviewers
DE-ST-HlEB 2 TH LD EBVET,

2.1.2a BRI T 2 HIEEOEE M

£9. DOE &1 o., MEMMNEEGHEZEZENTND LW Z & Z24aHH L 723
gl LES, ZnbBEAMEN, BEFOHIIMHHZ DO TOMEm TH 5
ZEF ExmLTElEIATT

“Those who claim excess heat do not find commensurate quantities of fusion
products, such as neutrons or tritium that should be by far the most sensitive signatures
of fusion. Some laboratories have reported excess tritium. However, in these cases, no



secondary or other primary 3 nuclear particles are found, ruling out the known D+D
reaction as the source of tritium.” [DOE1989 (Summary)]

“Neutrons near background levels have been reported in some D,0 electrolysis and
pressurized D, gas experiments, but at levels 10" below the amounts required to
explain the experiments claiming excess heat. [DOE1989 (Summary)]

2.1.2b FEME L FHIFTEEME Reproducibility or Predictability

PERHY 72 SOUR T O TR FTREME IS, EERAVIIZIEFINE & R ER TH 5
ZEEEELT, UTOSIHXEGRATIES N

“Some experiments have reported the production of tritium with electrolytic cells.

The experiments in which excess tritium is reported have not been reproducible by other
groups. These measurements are also inconsistent with the measured neutrons on the
same sample. Most of the experiments to date report no production of excess tritium.
Additional investigations are desirable to clarify the origin of the excess tritium that is
occasionally observed. “ [DOE1989 (Summary)]

“- - they have been unable (a) to completely solve the nagging problem of the
non-reproducibility (irreproducibility) of the experimental results, or (b) to elucidate
and/or nail down all the important parameters involved in the proposed cold-fusion
phenomena (plural nuclear mechanisms have been proposed) or (c) even to convince
the broader scientific community that cold fusion is real.” {DOE2004 (Reviewer #7)}

“In a general summary of the calorimetric results, the observation of sudden and
prolonged temperature excursions (bursts of excess heat), has been made a sufficient
number of times that, even if not totally reproducible, still have not been explained in
terms of conventional chemistry or electrochemistry (a conclusion also made in the
1989 ERAB report). However the systems are sufficiently complicated, the measurement
sufficiently difficult, and the effects sufficiently small, that it is difficult to conclude from
these effects alone that nuclear processes are involved. Even with all of the careful work
that has been done on electrochemical cells and calorimetry, the system is still not
under experimental control, in the sense that one knows exactly the materials needed
and the operating conditions to get the same results, even semi-quantitatively, every
time.” [DOE2004 (Reviewer #10)]

“b) Experiments involving excess power/heat. More careful experiments have been

10



done in recent years (e.g. SRI work). There seem to be increasing evidence for the
production of excess heat, even though the reason is totally unknown. Reproducibility
has been improved, but it still has not reached a satisfactory level. Yes, it is likely that
an unknown process (in materials physics or in nuclear physics) is responsible.
However, the link to nuclear reaction is still not strong enough at the present time.”
[DOE2004 (Reviewer #12)]

“In spite of the lack of reproducibility and predictability, positive observations have
been made a number of times and by several different groups under what seem to be
credible experimental conditions.” [DOE2004 (Reviewer #13)]

“2) Reproducibility

The lack of reproducibility continues to be a serious problem. None of the important
phenomena can be duplicated reliably. This has made it impossible to obtain a
guantitative understanding of what is taking place. [DOE2004 (Reviewer #14)]

LL 2B L 7= DOE Reports OB & AMEICBT 2T, T CIci L
72X 912, BB RO A D TOH, CFP OFEBRFEFEIIKIT2HHTH D
ZEEERETNE. FRVHIGOMERS 5 Z L ixFEETT, #oofHicizwn
L C, CFP OWEHF 1T ER /2L % L’C%?‘:@’C“fﬁfﬁ e & DR D FEHEDBE
BOBFRIIPAA TH LR E ED I IZZIT DD, VNS e ZEIT-&

EER L TR LERD Y 7,

213 FERBMEOHMIZ VT D CFP BFZEE DKk

DOE Reports THEH| S 7= FIHIZIZW LT, CFP MFEF X ERICKHS L T
THD, %?ﬁﬁfi%ﬁt# I 5L OUBEMNENRGNTE E L=, DOE Report
2004 TiX, WREIEGHIEIZIT D EBRGIEOWED I SN TWD Z &IE, A7l
WwAFE L, 22T ﬁfﬁb’t%ﬁi‘%ﬁﬁ L 7= McKubre et al. D@ 3L 51 H LT,

WMEE OIS E R LET

“An apparent irreproducibility in the production of an, as yet, anomalous excess
power from Pd cathodes electrochemically loaded with D can be associated with
irreproducibility in the attainment of several necessary starting conditions. Of these, the
threshold loading (D/Pd atomic ratio) has received the most attention. A statistical
analysis is presented of the results of 176 experiments intended to test the means of
establishing reproducible control over D/Pd loading. A set of variables are examined,
and procedures identified which permit the attainment of loading above the threshold

11



necessary for excess heat production.” [McKubre 1995 (Introduction)]

ZDOXFEDOH T McKubre etal. 735 > TU % “irreproducibility in the attainment
of several necessary starting conditions” %, Sec. 2.1.1a T5|H L7z Gleick D& |Z
b & DR Sec. 2.1.1c THBRA-MBAAREOHIE AR ATREMHD Z & TH D L58
ik L2 T HE7R 0 £ A

2.2 BREMAIRE(CFP)IZRIT 5 EMERME

CFP O FEBR CHIEME RN EREMICHE TE /o< TH KHEI 221 TRT X H 1T,
EMMICE LV, HDOWVITHFIICFE CERERZ2E 2 LETET0nET,
SFV, FLEMAMSEEDOL ETB I o7 CFP OEBROFERIZ, Yuhrbixk
KEOMIZHATLTL L IN, TOFEHHEIFIE e TRVWHLEEH 2 FT,

2.2.1 FHEERAVFEHL

A CEMRASED S & Tfrbhie CFP EBr ¢, @R M 2 595k B
Bonflix, Bx e OWEEFELET, ZOHOKDbYIT, FIZ
1996 4= (ICCF6) FTOT—X DV A N&#IF T, TOFHLE LEL XD, (£
NUBEO S5 DT — 2 138 L ET)

“(b) Enthalpy generation can exceed 10 W/cm® of the palladium electrode; this is
maintained for experiment times in excess of 120 h, during which typically heat in
excess of 4 MJ/cm® of electrode volume was liberated.” [Fleischmann 1989 (p. 304 —
305)].

Z O3CEIL, Fleischmann et al. 78 Table 1 [CFR L7277 — & 1%, {H % OEZ| D
FERMETIER <, EFREORFIFEH THLZ L2 LOLTEY, Rk~ R
W TOEMERFBMELZRREE LTVWDHEEZXHTL L I,

Figs. 2.2.1, 2.2.2, 38X *2.2.3 1%, McKubre et al. 5 —# T, |6 UEHRASME:
Db & TIHFIRIE A EEAHFERMEEZ R L TOET,
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Fig. 2.2.1 Variation of excess power, uncertainty and loading [McKubre 1993 (Fig.
5)]. Shows temporal variations of the loading ratio D/Pd and the excess power. The

former is out of control by macroscopic experimental setup and the latter is the effect
caused by the cf-matter constructed in the CF material (PdDy).
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Excess Power (W)

Cell Current (A)

Fig. 2.2.2. Variation of excess power with cell current [McKubre 1993 (Fig. 6)]. The
excess power is qualitatively reproduced for a definite cell current.

Excess Power (W)

D/Pd

Fig. 2.2.3. Variation of excess power with loading ratio [McKubre 1993 (Fig. 7)]. The
excess power is qualitatively reproduced for a definite value of D/Pd ratio.
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Figs. 2.2.4 & 225 1%, [A U X 9 ICEFIBAREHEANICET D8 F 2R LTV
ji‘d’_o

oIW

— EE EEEIEL DR AR SEXE
224 238 252 266 280 294 308 322 336

time / h

Fig. 2.2.4 Excess Power pulses and bursts curing a 112 hour period of an experiment
(061026) which lasted 14 days as a whole [Kozima 2008 (Fig. 2)]. The excess power is
qualitatively reproducible but uncontrollable as shown in this and the next figures.

0.6 [ — e

Pex/W

——— ——t
68 70 72 74
time / hr

Fig. 2.2.5. Excess power pulses during a 14 hour period of an experiment (070108)
which lasted 12 days as a whole [Kozima 2008 (Fig. 3)].

Figs. 226 & 2271%. U F U LI3EANKEHPICEALT DT EZRLTED
RN EERMFBEOR EE 2 B ET,
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Fig. 2.2.6. DPM (disintegrations per minute)/ml of tritium vs. time (hour) in the
liquid and gas phases during 2 weeks of electrolysis in 0.05 M PdCI2/0.3 M LiCl;
dashed lines — theoretical values. [Bockris 1993 (Fig. 6)]
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Fig. 2.2.7 Tritium evolution (nCi/l) vs. time from three power wire cells. The
conditions that produced the large, sudden increase in tritium level in wire cell 16 have
not been reproduced. [Tuggle 1994 (Fig. 5)]
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Fig. 2.2.7 I Tuggle etal. DIFEFRDOH T, MyR#S: powder wires z H 72356 D
KKNEE 52257 —AT, 8 track &7 — 27 DN TCEEHEOLDOTYT, 20D
A R F T LFEET ~5nCilh T, BEICEVEZRLE L,

References for Subsection 2.2.1

[Bertalot 1995 (Figs. 2 and 3)], [Bockris 1993 (Fig. 6)], [Celani 1993 (Figs. 7 — 9)],
[Cellucci 1996 (Figs. 3 — 5)], [Claytor 1991 (Fig. 8)], [Dufour 1995 (Fig. 7)],
[Fleischmann 1989 (Table 1 and its explanation), 1993 (Fig. 6), 1995a (Figs. 4 and 8),
1995b (Fig. 5)], [Gozzi 1991 (Fig. 5)], [lwamura 1994 (Figs. 2, 5)], [McKubre 1991
(Figs. 7, 8, 14), 1993 (Figs. 5 — 7), 1995 (Figs. 1 — 4)], [Mengoli 1991 (Figs. 1 and 3)],
[Menlove 1991 (Fig. 5)], [Miles 1996 (Figs. 1 — 5)], [Miyamaru 1994 (Fig. 5)], [Kozima
2008 (Figs. 2 and 3)], [Numata 1991 (Fig. 5)], [Okamoto 1994 (Figs. 6, 8)], [Ota 1993
(Fig. 1)], [Pons 1994 (Figs. 4, 7, 14)], [Sevilla 1993 (Fig. 3)], [Shyam 1995 (Figs. 3 and
5)], [Szpak 1993 (Fig. 1)], [Takahashi 1991 (Fig. 5), 1993 (Figs. 4 — 7)], [Tazima 1991
(Fig. 2—4)], [Tuggle 1994 (Figs. 4, 5, 6, 7)],

2.2.2 FEFHAUPLEA Theoretical Justification

Al 2.2.1 TWL< D0 DOHI TR LT L 91T, CFPILEMRI BN Z R I BIR T
B0, TOFMZEAKE 2.3 O Fig. 2.3.1 & HET 5 & #EHHEME complexity @
A S > TWND 2 ENRGhD 77,

LU 5, CFP DI Z 535 CTh 5 CFWEIIIET I Mk A2 b > TF
V. IR F a2 L TERFRIZIROE S 2 &350 E ZARRETT, L
Telo T, RICHl R L 2 ICFE R T — & LI FOR R ORI X 2 5
IZHE D S5 % 272 OO NBUR T,

Tex DR AL, BHERNRT 7o —F TE bz CFP ICET 2 A%,
o & b B IERIE N RICEA L T LTYH CFP O 2B L L o & F
%1 DT L7z[Kozima 2012, 2013], T, bbb D7 7' a—F 2 it L THh
FLXI,

2z%ummt\#6+ﬁ%@%ﬁthF%E®%%

IR A BLS CFP O 7o DIk b HE R FMFIEL, CFWE NI KIE 2 S (e.0.
@B+ PdD & 5L NiH %O< HZEYTHAY EEDONET, TDOHITE
2 HBNTON, Ni OGEITITFPT K RZ L ER I EEL £ TO NiH OE) &
@Mi%@EA’iﬁ%%&iﬁfﬁ@ﬁ%ﬁ@&f@%D@%%ﬁs%@
7o DITITEMENME complexity (2351 % B CJEEL self-organization 23@ < O CTix7e
b\75><‘: EbivE 4 [Kozima 2012, 2013].
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2.2.2b CFP DRI X %5 CFEDOEE

H O & O TIES LTz CFP D72 D IEIRAEIX, CFP DJFIA & 72 5
BROSIZ K - TERENZE(L L, KEofRE & & bichkEREBIEIAEELES, £

DAL, HFHEIZEL > TCFP DIED 7 ¢ — K3 7 positive feedback % & 7= 5
TZLEHHDHTL X D L(Fleischmann 235 U T\ % X 9 72 [Fleischmann 1995a]).
%< DFEITITAD T 4 — R8> 7 negative feedback & 72> T CFP #PHET 5
TN < TL X 9,

AIEMSCCTIE, TNCF BT VDT A —H ng 2 BE L Lica VAT v 7 70507
BRE#E->T, EO7 4 — KXy 7 Or[gEEZ AT 2 A2 LE Lz,
CF )78 CFP OMERFIZIFES B 72 M n, DOEbZ B &R 3 & (2, ED
T4 — RNy L7207 TT,

L2rL, ZOKFHT, ny DAL CFP IZ& o> TARE G2 FMICE Z 5 & &
2T, BIRIIE LSO E T, BRISIZHEDS CFWEOKFESR, RE., Mk
MENEZD &, CFP DO DRBERMFITRM T SR <720 OSIFFILELE
T < OFERPEFHFMTRDOLERIZ, 20X I ICHMETEET,

2.3 HEYE Complexity

FFim CHIR 72 X 91, ROEKERORIZIEREHAIEHOH 55512
FROEN ) EE 2 HERI Jﬁ'%‘ﬁ% complexity #&[ET 5 Z LIXFE#HRICET D Z 2:
EESTENTLLE Y, LERST, HERESIFORZETHL CFETED 5
WANWAREFEGIN, IR BN Z R T2 & AR#RICLT CFP 20 5 Z
ERMEINTIR D £,

AiE 2.2.2a THRLA L7=. CFP M s+ H 2Pk self-organization (3% D
— DD T4 [Kozima 2013], HAIEH D B IERIZ X - T NiH, PdD, and HCs
(or HCg)/2 K DI+ TE, CF MEIZHMEF /N RS T& £9[Kozima 2013
(Sec. 3.3)], HMET N RIZHMETF I E D & ¢ [ BE cf-matter 23/E U, TNCF
ETIVCRE LTZEE ny OfEMET- trapped neutron 234 FE D, L9 OR
TNCF T LV DOffEE TLE,

CFP O EBRIHIZICEIHE L7z, #EHEM: complexity Dt 5 — oD &IL, ik
KOOI FATRINDFRD A AR D VT [Kozima 2012 (Sec. 2.3)]. W
RO A AHPR D ENO—FIE, Fig. 2.3.1 1T~ T L —P—RIEDORFZE( T
R

ZOX, B ENT L—F—HomEORMEZ{LE R L TWES, —FTF
DO TIE, L= —IZBAMMICRIEL TWET, ROFIEINT A —% (Z D3
AIELV—F—ZHANOBEDOME) ZZE X 5L, Wikt intermittency ~ D 43I
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bifurcation 23&E =V £9, 231 DX %A FiZil> T & B A AR R— R
MBI Z 2 L 918725 2 L3502V £ 3[Strogatz 1996 (Fig. 10.4.5)].

FEE

AR AAMA,

L

0 5 10
Time (ys)

Fig. 2.3.1 An experimental example of the intermittency rout to chaos in a laser.

Fig. 2.3.1 DX % Sec. 22.1 12" L7= CFP O HLOK L Hhilgd 5 &, T D
HIMEIZELS TL X 9, FEBRIICEGNTZ CFP OF7 — ¥ O ARHAIMEE | Hiffilo g
EREDOHBEIZL T, TIICRINTWOINEEZRFE LT L OBV 2L
TR BRI &5, Fig 231 & DHETH LI 3,

AlEM LT, ETNDNRTA—HF ny, 2P AT v 7 HFRRONRTA—% 1L
FNLCC Feigenbaum D EFL%E CFP DG FLICHMAT 2 Al 2B 2 £ LT
[Kozima 2012 (Sec. 3.2)]. Z DED WIS N Tl o72 2 &1E, wIZEI A
% Strogatz ™ 3L E[Strogatz 1994] % st O IXHF CX A TL X 9 -

“How can the theory work, given that it includes none of the physics of real systems
like convecting fluids or electronic circuits? And real systems often have tremendously
many degrees of freedom—how can all that complexity be captured by a
one-dimensional map? Finally, real systems evolve in continuous time, so how can a
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theory based on discrete-time maps work so well?”” [Strogatz 1994 (Section 10.6)]

“Now we can see why certain physical systems are governed by Feigenbaum's
universality theory—if the system s Lorenz map is nearly one-dimensional and unimodal,
then the theory applies. This is certainly the case for the Rossler system, and probably
for Libchabers convecting mercury. But not all systems have one-dimensional Lorenz
maps. For the Lorenz map to be almost one-dimensional, the strange attractor has to be
very flat, i.e., only slightly more than two-dimensional. This requires that the system be
highly dissipative; only two or three degrees of freedom are truly active, and the rest
follow along slavishly. (Incidentally, thats another reason why Libchaber et al. (1982)
applied a magnetic field; it increases the damping in the system, and thereby favors a
low-dimensional brand of chaos.)” [Strogatz 1994 (Section 10.6)]

ZOREIZ, Z DT Y —XDkIEl(“From the History of CF Research (10)”) T, %
) —EEZDHZ LITLE ) ERWET,

2.4 fERR

ZDMXTED—ERE Y _Lif 7= CFP OfE 4 FHIL, T DEHES D=2, CFP
OFFEBRT 52 L2 RNEEIZ L, 20 il E TORFEORETHELNTZ,
RICEHATELFRUC L > TERYETHZ L 2T EAEARAREIZL TWET,

Texld, TOBEMRBIREZHRT D HEE LT, BmNRET L EDOND
Z L&A F L7z[Kozima 1994, 1998, 2006, 2014],

INETOESDOFEE, CFP OFRFEONW OO EBEELRFEZH O NI T 5 2
ENTE Lo TuyE 4 [Kozima 1998, 2006, 2014],

ZDO—2lk, T O THE L7=(Sec. 2.1.1b) . Gozzietal. (Z XD H M1 L
A D Poisson 73 AT ORE NS HFEF R AN ERTHH L EZRLTWVWH I LT
9, TOFEZEL, Sec. 2.2.1 Trx L7z47I bifurcation & 74 A chaos 23/~ 9 184
P complexity & 138D CFP a8 L TW\5 X H T,

FIREZEMABIS CFP IZB T 2%, Bx X =2>DEHIOFRICELELE
23[Kozima 2011], Z 4L & | ZAEMEM: & B L 72 CFP D —Ta A& L T\ % Z & 13 Sec.
2.1 T Shuster O {35 [Shuster 1984] & @ BEH TR RIS filiL 7z = & T,

VL EOEB CTH O LIz L 512, oMbtz L .5 CFP oifst
L, CFEFROHMF OBy L BEREER S L Z LITRETERNT
LX9, HZ, CFEFTOFHETOWEFEIL, FFERIEITFEICL > TR SN T
WA DT, CFP [ IEMEM: complexity THUD b 7eif i b/ eneE 545 T
L X9, FRIZEGRORIZ D CFP O FEBIVEDREIX, CFP OFetE% & 2 Ui,
TEMERI(H D VI HE)FERME L WO ZEX THHTE 52 L0 TT,
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Z DU — X“From the History of Cold Fusion Research” CHE#EL L 7= CFP O
I, 9 TITARRHR L (e.9. [Kozima 1998, 2006, 2014]) Cam Uiz Z & & X W # L\ a7
GO RELIZLDEF D ZENTEET, CFP IIEMBELFORE R Y &
BERCEE LB T, o OO B SR A B DB 2 R T T A E T,
VD OWFFERRIROMFZERE A CFP OFFEIZHEHR LT, Ak TOR LWFET
—<EZH L T NDZ EEFHS>TWVET,
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