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FOREWORD 

This study involves the palladium-boron alloy materials prepared at the Naval Research 
Laboratory (NRL) by Dr. M. Ashraf Imam (see NRUMR/6170-96-7803, January 9, 
1996). This new material was developed as part of a collaborative program with NRL 
and the Naval Air Warfare Center Weapons Division (NA WCWD), China Lake, that was 
funded by the Office of Naval Research (ONR). Studies at NA WCWD showed that the 
best reproducibility for excess power was obtained using the palladium-boron materials 
supplied by NRL (see NA WCWPNS TP 8302, September 1996). The new experimental 
studies described in this report were conducted by Dr. Melvin H. Miles at the New 
Hydrogen Energy (NHE) laboratory in Sapporo, Japan. Dr. Melvin H. Miles received a 
six month appointment as a Guest Researcher sponsored by the New Energy 
Development Organization (NEDO) of Japan. Dr. Melvin H. Miles expresses his 
appreciation to Dr. N. Asami and .Mr. K. Matsui for providing him with this research 
opportunity. This experiment was conducted in a special Dewar-type colorimetric cell 
silvered at the top that was developed by Drs. Martin Fleischmann and Stanley Pons. 
The detailed analysis of the experimental data presented in this report was conducted by 
Dr. Martin Fleischmarm. An independent method of data analysis developed by Dr. 
Melvin H. Miles while he was in Japan was presented in his NEDO Final Report and 
shows similar trends for the excess heat effect. 

--'�L.J<l.,-"-",--""i."---...YL...!Q,",,,�!II,..lo..;�;aAaM4-'M�&I.QJ...a.1M=-..:/__ Dr. Martin Fleischmann 

_·--vn_-,-�-=--- �' __ H.:..-=----. _'t-V1_-.:'_� ___ Dr. Melvin H. Miles 

_\..D�...L�=-' �t15...,�I-''''--''-L-'''4-')�_=''''---- Dr. Ashraf Imam 

DRS. FLEISCHMANN, MILES AND IMAM 



Executive Summary 

The cathode for the heavy water electrolysis experiment was synthesized and processed 
using elemental palladium and boron (see report # NRLlMRJ 6 1 70-7803) at the Naval 
Research Laboratory, Washington D.C.. USA. The electrolysis experiment, as a part of 
continuation of the work at Naval Air Warfare Center Weapons Division (see report # 
NA WCWPNS TP 8302), was carried out by Dr . Melvin H. Miles during his stay at the 
New Hydrogen Energy (NEH) Laboratory, Sapporo, Japan . In this experiment an 
ICARUS-2 electrochemical unit and data acquisition system were used similar to those 
utilized in the earlier work in the IMRA-Europe Laboratories . 

The experimental data and the preliminary evaluation [carried out by members of the 
NHE group] is contained in a series of (h' )  II spreadsheets where (h')  II is the pseudo 
radiative lower bound heat transfer coefficient based on the assumption of a zero rate of 
excess enthalpy generation . The NHE team also quoted a single value of the true heat 
transfer coefficient determined during the third measurement cycle [Day 3 of the 
experiment]. The methodology used by the NHE group was non-standard [in the sense 
that the method used was not that specified for the ICARUS-system]; it appears that this 
coefficient is related to the "true integral heat transfer coefficient, (kR')362 based on an 
extrapolation procedure and using the "forward integration" of the experimental data . 

It is shown that the value of (h')362 d�termined is incorrect: it is evidently too small 
because it predicts negative rates of excess enthalpy generation even for the third 
measurement cycle [where (kR')362 was determined] as well as for other measurement 
cycles in the experimental sequence . A major point of difficulty was evidently the very 
early development of "positive feedback" [an increase of the rate of excess enthalpy 
generation with temperature] for this Pd-B cathode . In the general case, the development 
of such "positive feedback" makes it impossible to evaluate the "true heat transfer 
coefficients" . However , in this experiment the effects were relatively small, and it is 
shown that such effects can be taken into account in the determination of the "true heat 
transfer coefficient , (kR' )262 ," based on the backward integration of the experimental data . 
The evaluation of (kR' )262 was the procedure recommended for use with the ICARUS­
systems . A number of further errors in the evaluation given by the NHE group have also 
been corrected . 

It is also shown that the value of (kR' )262 agrees with the maximum value of (kR')11 
determined in the early parts of the experiment [here on Day 2] before the onset of excess 
enthalpy generation but after the completion of the exothermic charging of the electrode . 
It also agrees with the values of (kR' )11 determined on Day 6 1  of the measurement 
sequence during which there was a near zero rate of excess enthalpy generation . 

The use of the correct value of the "true heat transfer coefficient , (h' )262" shows that 
there were low levels of excess enthalpy generation throughout the experimental 
sequence [except Day 6 1] .  The cell was evaporated to dryness on Day 68 of the sequence 
and , during this day, the specific rate of excess enthalpy generation rose to -27 W cm-J . 
Measurements on Day 68 are interpreted in detail, and it is shown that the specific rate of 
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excess enthalpy generation before evaporation to dryness agrees with that immediately 
following the completion of this step which is an example of" Heat-after-Death". A 
further example o f  such" Heat-after-Death" was observed on the final day o f  the 
experiment [Day 69] as well as on the lowering of the current density on Day 26 of the 
sequence. 

Comparisons are made with other experiments principally in a set of footnotes . 
Suggestions made for further evaluations could form addenda to this report. 

A.I Introduction 

Section A 

This experiment, designated as FP2-97120402-M7c2 by the New Hydrogen Energy 
(NHE) group was carried out by M.H .  Miles during h is stay in 1997-98 in the Sapporo 
Japan Laboratory of the NHE group. The experiment was started at 10:00 a .m.  on  
December 5 ,  1997 and terminated a t  10:00 a .m .  on February 12, 1998 . This implies that 
the experiment was terminated on the 70th day following the start of the experiment. 
The electrode used had the form of a cylindrical rod of dimensions 4.7 1 mm in diameter 
and 20. 1 mm in length .  This yields: 

Volume of electrode 
Area of electrode 

0.350 cm3 
3 .15 cm2 

(A. 1) 
(A.2) 

This electrode was prepared at the Naval Research Laboratory, Washington, D.C. with a 
composition of 99.5 %  Pd+0.5% B (wt%). 

Palladium- Boron Cathode 

Preparations o f  the pal ladium al loy with low boron contents were attempted to keep 
within the misc ib i l i ty gap. Three compositions of the palladium-boron al loy were 
prepared at the Naval Research Laboratory using an arc melter with water-cooled copper 
hearth. Palladium sponge with five-nine purity and high purity boron were used to 
produce these al loys. The three compositions had nominal boron concentrations of 0.75, 
0.50, and 0.25 weight percent boron. These a l loys were identi fied by their nominal 
compositions. The glow-discharge mass spectroscopy (GDMS) analyses of the three as­
prepared alloys showed boron contents of 0.62, 0.38 and 0. 18 weight percent. Processing 
of the electrodes introduced copper [<26 parts per mi l l ion by weight], tungsten [<2.2 
parts per mill ion by weight], and platinum [<47 parts per mill ion by weight] . The lower 
boron content alloy had the lowest pick up of these elements. The cast alloys consisting 
of irregular rod shapes were swaged and rolled to sizes depending on the requirements of 
the experiment. The samples were annealed for two hours at 650°C resu lting in an 
average grain size of 90 ).1m. 

X-ray diffraction studies were carried out to characterize the three al loys using a Phil l ips 
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diffractometer with a generator setting of 50 kV, 30  rnA and a copper target. Two distinct 
phases of  the same cubic structure with d ifferent lattice parameters were found in  all 
three alloys. The latt ice parameter in one phase remained constant with changes in boron 
content whereas the l attice parameter of the other phase increased with the increase in  
boron content. As the boron content increased, the fraction of one phase decreased at the 
expense of the other phase, as expected. The change in the lattice parameters with boron 
content occurred in the phase where the starti ng lattice parameters are the same as pure 
pal l adium. 

Experimental Details 

The Pd-0 .5 wt% B electrode was cleaned and polished using the standard d iamond paste 
method at NHE. The specimen was observed using an optical microscope, and the 
surface looked clean and highly polished wi th some fine c ircular poli shing lines. The 
el ectrode was spot welded on the s ide .to a plat inum lead wire. Quick setting epoxy was 
used to cover the spot welded area, the top of the electrode as well as the end of the glass 
tubing containing the p latinum lead wire. The cell was assembled, placed i n  the water 
bath, and connected to the ICARUS 2 system. The cel l  was then filled with 90 cm3 of 0. 1 
M LiOD by using a l arge syringe (50 c�\ I t  was determined that 82 cm) of the solut ion 
fi l led the cell to the bottom edge of the si lvered portion . This mark was frequently used to 
determine the amount of 020 required in re-fil l ing the cell . The 020 used throughout this 
experiment was from }sotec, Inc. [99 .9 atom% 0] .  The cell dimensions were 25.0 cm in 
height with the top 8 . 0  cm silvered .  The outs ide d iameter of the cell was 4.2 cm with an 
inner diameter of about 2 .5 cm. 

The cell design [the ICARUS- I Type] is illustrated in F ig .  A I .  The cell number was 
given as 38 and the experiment was carried out in pos it ion A2 [ i . e. in pos it ion 2 of 
thermostat tank A] using an I CARUS-2 Type electrochemical polarization, control and 
data acquis ition system. During the same t ime period, the Pd-B-Ce al l oy prepared by 
Naval Research Laboratory was run in position Al of the thermostat tank and Pd-Ce was 
run in position A3 in two other Dewar cel ls .  These experiments are discussed in another 
report [see I CCF-8 Proceedings]. The electrochemical system consisted of a separate Hi­
Tek DT2 I 0 I potentiostat wired up as a galvanostat for each cel l .  These potent iostats/ 
galvanostats are capable of del ivering currents of± I A  at output voltages up to -± I OOV. 
A separate potentiostatl galvanostat was also used to del iver constant currents to the 
res istive heater used to cal ibrate the cell. The system was controlled by a 486 data 
acquisition computer which al so controlled an Hewlett Packard 44705A multiplexer and 
data acquisition system.  This data acquis ition system was on an I EEE-GPIB bus so that it 
would be anticipated that there would not have been any tim ing errors introduced into the 
measurements [see Footnotes C .l and 0. 1 ] . The sys tem is ful l y described in the 
associated Handbook, Document Version (2.0) (February 1 995)( 1) [see Footnotes C.2 and 
0.2] .  

The three ICAR US-) type ce l l s  were fi l led with 90. 0  cm3 of D2 0+O.) M LiOD and 
inserted into a l arge water thermostat whose temperature was independently controlled by 
a Techne TE-8A st irrer/heater/regulator unit  [see Footnote C.3 and Figure A5] . The 
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water thermostat was in turn maintained in a room whose temperature was generally 0 to 
2°C higher than that of the water thermostat. This study wi l l  focus only on the Pd-B 
exper iment positioned in the center of the bath [position A.2]. I t  should be noted that the 
LiOD concentration for this cel l  was increased to 0,2 M on Day 53 of this study. 

At the 7th International Conference on Cold Fusion 19th-24th April 1998 we [ i . e .  M . H .  
Mi les and M .  Fle ischmann] decided that a report on M . H .  Mi les' vis i t  to the NHE 
Laboratories should include an assessment of the Pd-B experiment using as far as is  
possible the ICARUS Methodology. We decided that this  assessment should include: 

( i )  comments on differences between the execution of the experiments carried out 
in the NHE Laboratory and the procedures recommended for use with the 
ICARUS-l and ICARUS-2 Systems (1).(2); 

( i i )  a commentary on the cal ibration of the ICARUS-I Type cel l  used in the 
Pd-B experiment; 

( i i i )  an assessment of the  presence [or absence] of  excess enthalpy generation in 
the Pd-B experiment; 

( iv) an investigation of the presence [or absence] of the effects of "posit ive 
feedback"; [e.g. see (6),(7).(81 ; 

(v) An investigation of the presence [or absence] of the effects of "Heat after 
Death"; [e.g. see (9),(10)]; 

(vi) an assessment of the implications of the evaluations of the Pd-B experiment 
for further research in this field. 

There are also some secondary reasons for choosing the Pd-B experiment for further 
detailed evaluations [see Footnote CAl. 

This Report is divided into the following Sections: 

Section A: 
Section B: 

Section C: 
Section D :  

Section E :  

the main text. 
a description of the methods of data evaluation as characterized by the 
relevant heat transfer coefficients. 
a set of Footnotes and Comments relating to Sections A and B .  
a further set o f  Footnotes and Comments, which perhaps should have a 
restricted circulation. 
A set of footnotes and comments whose circulation should be restricted . 

A.2 Some Important Preliminary Definitions, Descriptions and Evaluations 

The various rad iative heat transfer coefficients used in this report are defined as 

where R i s  radiative heat transfer, i = 1.2,3 denotes "differential " ,  "backward integration" 
and "forward integration" respectively, 1= 1 ,2  denotes "l ower bound" and "true" 
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respective ly [see Footnote C. 1 2] and j, if used, denotes the time period of the 
measurement cycle as given below 

j=5, times somewhat above the origin 
j=6, times somewhat above tl [application of calibration pulse] 
j=7, times somewhat above t2 [cessation of calibration pulse] 
j=8,  combination of times for j=6 and j=7 

These values of "j" cover time periods where the cel l  temperature shows l arge changes .  
In  addition, the radiative heat transfer coefficient (kR'o)ij.1 i s  a lso frequently used and is 
obtained from extrapolations of the straight l ine forms of the calorimetric equations [see 
Equation 8. 1 1  and 8. 1 2]. 

The protocol used for the experiment was as fol lows: 

(i) the e l e ctrode was first of al l polarized for two days without any 
application of calibration pulses; 

(ii) on the third day [and on all subsequent days including days 68 and 69 
when the cel l  had reached dryness] calibration pulses were applied; 

(iii) changes of current density were made frequently at times close to 1 0:00 
am of the measurement cycles; these changes of current density are 
shown in Table A . I  and in Fig. A .2B found at the back of the text; 

(iv) the cel l was "topped up" with 020 whenever this was judged to be 
necessary at 1 0:00 am,  the start time of al l the measurement cycles; the 
cel l  was then left to equilibrate for 9 hours fol lowed by the appl ication of 
calibration pul ses of 6 hour duration [the start time of al l the calibration 
pulses was 7:00 pm]; the cel l was then again left to equil ibrate for a 
further 9 hours before reaching 1 0 : 00 am of the next day of the 
experimental sequence; 

(v) as is evident from (iv), the duration of the measurement cycles was 24 
hours; the addition of 020 and the changes in the current density were 
al ways made by M. H. Miles at his discretion. Everything e lse  was 
control led by the NHE computer program. 

This protocol differs substantially from that specified for the operation of the ICARUS- I 
and I CARUS -2 Systems, which was as fol lows (

1 ).(2) ; 

(ia) the e lectrodes were to be polarized for 4 days [ i . e .  two measurement 
cycles, see (va) below] without any application of cal ibration pulses; 

(iia) on the 5th day [i .e .  for the third measurement cycle] and for nine further 
measurement cycles calibration pul ses were to be applied as specified in 
(iva) below; this was to be fol lowed by two further measurement cycles 
without the application of cal ibration pul ses and, in tum, by ten further 
cycles with calibration pulses. A total experiment duration of 48 days was 
therefore specified for the initial phase of the work. 
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(ii ia) the initial experiments were to be carried out at a single, low current 
densi ty, typical ly  < 250 rnA cm-2 or 788 mA for this Pd-B electrode; in 
later experiments a single, low current density was to be appl ied for 
various initial durations fol lowed by a raising of the current density to 
values typically > I A cm-2; this protocol was in  broad accord with that 
used in previous invest igations (15).(16); changes of current density were to 
be made at the beginning of the measurement cycles. The l arge size of the 
Pd-B electrode [A=3 .5  cm2] l imited the current density to about 320 
mAlcm2. 

(iva) cells were to be "topped up" at the start of each measurement cycle; the 
cel ls were then to be left to equilibrate for 12 hours and calibration pulses 
of 12 hour duration were then to be applied; the cel ls were then again  to 
be left to equil ibrate for a further 24 hours so as to reach the start of the 
next measurement cycle. 

(va) as is evident from (iva), the duration of the measurement cycles was to be 
48 hours. 

Further important aspects of the protocols specified for the ICARUS-l System are given 
in Footnote C.S. These protocols were designed with two major aims: firstly, to ver ify 
the modeling of the cells which is the basis of the methods of data evaluation; secondly, 
to faci l i tate these methods of data evaluation. Both of these aspects are outl ined 111 
Sections B.2 and B.3 together with the associated Comments and Footnotes. 

Needless to say, with the progression of the work, parts of these protocols were expected 
to become redundant. Furthermore, the protocol (ia) - (va) had been designed for the 
execution and evaluation of appropriate "blank experiments," and it was unlikely that this 
protocol wou ld  be entirely suitable for experiments on the Pd-D20 type systems 
[especially experiments in which there were changes in the current densi ty] .  We also 
have to take special note of an unsatisfactory situation. With the exception of some 
fragmentary analyses of data sets col lected during the start-up of the NHE project (3) we 
have, as of now, no comprehensive data sets and evaluations of "blank experiments" [see 
Footnote C.27]. We therefore have to rely on experiments carried out at IMRA Europe 
and on the analyses of simulations e.g. see Reference 13 for this aspect of the work; i .e. 
we are unable to investigate/val idate the operation of the ICARUS-I and -2 Systems 
installed in Sapporo. 

As far as the second aspect is concerned, we have to take note of the fact that in view of 
the changes in the protocols made by both M .  H.  Mi les and the group at NHE [(iv) and 
(v) as against the specified (iva) and (va)), we are unable to apply the simplest method of 
cal ibration leading to (kR'h [see Section B.2] in view of the inadequate relaxation of the 
temperature following the application of the heater pulses [see Footnotes C.28 and C.29] .  

We now consider further the major differences between the operation of the Pd-B 
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experiment and the conditions used in  prev iously reported investigations, e .g .  see 
References 1 2, 1 5  and 1 6 . Apart from the frequent changes of current dens ity [see 
Footnote C .30, Fig. A . 2B], we can see that these current dens ities were mostly in the 
v ic in ity of the threshold value requ i red for the onset of the phenomenon of excess 
enthalpy generation (12) [see Footnote C .3 1 ]. Furthermore, the cel l temperatures were 
mostly below the level required for the onset of "positive feedback", Fig. 2.A (6).(7).(24) and 
which leads to a m arked i ncrease in the rates of excess enthalpy generation [see 
Footnotes C.32 and C.33] .  The conditions in  the cel l  therefore remained in  the v icin ity of 
the region of onset of "positive feedback" and, under these conditions we would  not 
expect to see a marked build up in the rate of excess enthalpy generation [see Footnote 
C.34] . 

Consideration of Fig. A.2B also al lows us to decide on the measurement cycles l ikely to 
provide examples of " Heat-after-Death" �objective (v) of this investigation] as was 
pointed out in the original investigation (9),(1 ). It would be expected that this phenomenon 
would be observable  under several distinct conditions, which include [using the original 
cl ass ification numbers]: 

Cel l  fu l l :  c e l l  operated at i ntermediate temperatures; ce l l  current then 
reduced in stages; [original number 1 ]  

Cel l  empty : cel l a l lowed to boi l  dry; cel l  then maintained at the rai l voltage of 
the galvanostat; [original number 5] 

Cel l empty: cel l  a l lowed to boi l  dry; cel l  disconnected from the gal vanostat. 
[original number 6] 

Consideration of the "hard copy" of the data sets shows that condition #5 appl ies to part 
of Day 68 of the sequence measurement cycles [see Section A . 8] whi l e  condition #6 
appl ies to part of Day 69 of th is sequence [see Section A.9]. Consideration of Fig. A .2B 
shows that condition # I i s  l ikely  to apply to several of the measurement cycles. The 
effects would be expected to be most marked for Day 26 [reduction of the cel l  current 
from above to below the threshold for excess enthalpy generation; reduction in cel l 
temperature from above the l evel for the onset of "positive feedback" to below this l evel ] .  
Attention i s  confined in  this Report to this particular day [see Section A. I 0]  although i t  i s  
ev ident that there are several further regions of  time which might wel l  give examples of 
"Heat-after-Death" fol lowing Scenar io I .  

In this  Section we should al so consider a further difference between the protocols  for Pd­
B experiment and those used in earl ier studies; namely, the schedules of addition of D20 
to make up the losses due to electrolysis .  Table A.I and Fig. A.3 i l l ustrate the effect on 
the change in volume of the electrolyte in a cel l i n  an hypothetical experiment carried out 
first at a ce l l  current of 200 rnA for 29 days fol lowed by a cel l  current of 500 rnA and 
with a dai ly schedu l e  of 020 addit ions. II can be seen that the mean vol ume of the 
electrolyte fal l s  by some 1 .2 1  cm3 between the two time regions . We can estimate that 
this  would cause a decrease of the mean value of (kR')12 by - 0 . 1 5% or of (kR')22 by -
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0 .075%. Such smal l changes are close to the error l im i ts quoted for the instrumentation 
and can normal ly  be negl ected. However, the magnitude of the changes are above the 
error l imits which can actually be achieved [e.g. see (13) and Section A4] and shoul d be 
taken into account in evaluations carried out at the maximum achievable precision and 
accuracy. 

Fig. A4 shows the effects of 020 add it ions as actual ly  used in this Pd-B experiment. 
This figure assumes that the 020 is l ost on ly  by el ectro lys is .  Experimental  
measurements, however, show an additional 4% of the 020 was carried out of the cel l  by 
the gas stream. The exact volumes of 020 were recorded throughout th is experiment [see 
Footnote C35] . I t  can be seen that the expected changes in (kR') 1 2 due to the electrolyte 
vol ume now l ie between -0.3 and +0.6% and of (kR')z2 between -0 . 1 5  and +0.3%, changes 
which shou ld  certa in ly again be taken into account. These numbers wi l l  change 
somewhat due to the additional l oss of 020 by the gas stream [see Footnote C36] . 

The schedule of additions leads to an important conclusion. We find that by Day 67 the 
total vol ume of 020 added was 262 .5 cm3 whereas the total volume electrolyzed was 
253 .3  cm3. Earl ier in this experi ment on Day 39, the total volume of 020 added was 
1 1 2 .5 cm3 whereas the total volume electrolyzed was 1 08 .2  cm3. It is evident that the 
volume of 020 added is consistently about 4% l arger than the volume electrolyzed and, 
therefore, there cou l d  not have been any recombination of the deuterium and oxygen 
produced by e lectrol ys is .  Th is is in agreement w ith ear l ier measurements (12) [see 
Footnote C37] and numerous measurements by other authors [see Footnote C3 8]. 

The horizontal l ines in F igs. A3 and A.4, del ineate the vol umes of 020 below and above 
which we woul d  expect the el ectrolyte level to fal l  below the base of the si lvering in the 
upper part of the ce l l , Fig. AI , or to approach the base of the Kel F plug at the top of the 
cel l .  The resul ts of Figure A.4 are calcul ated theoreti cal ly  by assuming that 020 is 
removed only by e lectrolysis. Experimental ly, the el ectrolyte was observed to fal l  below 
the base of the si lver l ine prior to the 020 addi tion only on Day 25 (-I cm\ Day 4 1  (- 1 
cm\ Day 48 (-2 cm\ Day 50 (- 1 .5  cm\ Day 53 (-0 .5 cm3) ,  Day 55(-2 cm\ and Day 
67 (-6 cm\ I t  can be seen that the electrolyte l evel remained within the space defined by 
this si lvered portion throughout most of the measurement cycles [see Footnote C39] .  
However, we can see that the electrolyte level may have approached the base of the Kel  F 
p lug at the start of several of the measurement cycles fol lowing the "topping up" of the 
cel l s .  In work carried out at I MRA Europe, it has been establ ished that such "overfil l ing" 
of the cel l s  leads to an anomalous increase of the pseudo radiative heat transfer 
coefficients by 4 - 5% of the val ues which apply at the mean . This increase in (kR') is 
al most certainly due to an increase in the conductive contribution through the Kel F p lug 
to the overal l heat transfer from the cel l  [c .f. equation (B.2)] . Experimental ly the 
"overfil l ing" of the ce l l  in  this Pd-B experiment occurred on Day 26 (92.0 cm\ Day 43 
(94 .0  cm3), Day 50 (93 . 5  cm\ and on Day 57 (94 .0  cm\ This was done intentional ly 
because of long weekends when it was not possible to enter the l aboratory. 

This type of "overfil l ing" behavior may apply also to Day 6 1  which is a measurement 
cycle for which we can get important confirmatory evidence of the "true heat transfer 
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coefficient" which applies to the operation of the cel l [see Fig.  A .20, Section A . 5 ] .  
Fig.A.20 shows the expected increase in (k R') 1 1 at times close to the "topping up" o f  the 
cel l. Another explanation is that the large add ition of D20 (9.0 cm3) at room temperature 
[23°C] on Day 6 1  suddenly cooled the ce l l  contents, thus (kR ') 1 1  is too large during the 
cel l 's recovery from this cool ing shock. 

Fina l ly ,  we a l so make a number of pre l iminary assessments o f  the form o f  the 
temperature-time and ce l l  potential-time series for Day 3, i .e .  the third measurement 
cycle of this experiment, Figs. A.5 - A.7. The data for this day are of special importance 
because the group a t  NHE has quoted a val ue of the "true heat transfer coefficient" as 
given by their method of evaluation for this day . This value of the "true heat transfer 
coefficient" was then used in the evaluation of a l l  the measurement cycles .  The 
eva luation by NHE is considered further in Section A.3  while Section AA gives the 
application of the ICARUS Methodology to this particular data set. 

Columns I - 6 of Table A.2 give the "raw data" for the third measurement cycle [the 
remaining columns are discussed in Section A .3 ] .  We can immediately draw a number of 
important conclusions. Thus Fig.  A.5 gives a plot of the temperature o f  the water bath 
versus t ime for the first 32 ,400 s of the measurement cycle [the period 0 < t < tl 
preceding the appl ication of the heater calibration pulse] while Fig. A.6 gives plots of the 
cel l  temperature versus time for the same period and for both positions in the cell where 
the temperature was measured, see Fig. A.I.  It is evident that the "noi se" level o f  the 
measurements in the water bath [<J = 0.0088 K, mean = 295. 198 K] is much higher than 
that of the measurements of the cel l  temperature, Fig. A.6.  This difference [<J = 0.0027 
K] is  to be expected because the water bath is contro l led by a single thermal impedance 
whereas the cell is control led by two impedances in series. At the same time, the "noise" 
in the temperature of the water bath is  much higher than that in the or ig ina l  
measurements with the ICARUS-Systems [<J = 0.003 K] ( 1 2) and, in  our experience, such 
an increase is due to inadequate control of the room temperature. The room temperature 
was usual ly 0-2 K above the bath temperature, i .e .  22 to 24 °C. Typical variations in the 
temperature of this room are shown elsewhere [Journal of Electroanal .  Chern., Vo l .  482, 
pp. 5 5-65, 2000] . 

It wi l l  be evident that the "noise" in the measurements of the temperature o f  the water 
bath is one factor which wil l  l imit the preci sion of the "lower bound heat transfer 
coefficients, (kR')" via its effect on the temperature function, 1'1 (8). see Section 8.3 . The 
val ue <J = 0.0088  K is outside the range specified for the ICARUS-I system if  
measurements are made at low cel l temperatures, Table A .2 .  By contrast, the "true heat 
transfer  coefficients" are not affected by such tluctuati ons because the temperature 
function f2(8) [see Section B.3]  is determined by the cel l temperature a lone. 

It can be seen that the variation with time of the cell temperature measured at the two 
posit ions in the ce l l ,  is sy stematic, Fig. A .6 .  Moreover, it is cl ear that there is a 
systematic di fference in temperature between the two positions, which must be due to 
either one or two errors in the calibration [see Footnote CAO] . For these measurements 
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we obta in  mean [Sshort thermistor - Siong thermistor] = 0.0045 K and cr[Sshort thermistor - S iong thermistor] 
= 0.0027 K .  The mean gives an indication of the accuracy i n  (kR' ) 1 I  which we can expect 
to achieve. The error � 0.05% is somewhat above the target for the precision of the 
measurements, errors < 0.01%, which is hardly surprising. The standard deviation gives 
double the value of  the expected standard deviation for the measurements with one 
thermistor. We can see that this value, � 0.00 13 5 K, wil l  not affect the accuracy of the 
determination of  any version of the "true heat transfer coefficient". However, we should 
note that it  is evidently desirable to cal ibrate the thermistors so that we can make the 
temperature measurements to within ± 0.001 K [see Footnote C.4 1 ]. 

Differences i n  temperature between those given by the "short thermistor" and "long 
thermistor" wil l  be considered further in Section A.7 dealing with Day 68 as the cel l is 
being driven to dryness and in Section A.9 dealing with "Heat-after-Death" on Day 69. 

Final ly ,  we consider the plots of the "raw data", for Day 3, Fig. A. 7 .  We can see 
i mmediately the inadequacy of restricting the cal ibration pulse to 6 hours because the 
temperature has not relaxed to equilibrium in this time period [see Footnote C.42] .  
However, in this particular case there is  an evident complication because of the very early 
establishment of "positive feedback". This effect can be seen most directly from the 
delayed relaxation of the temperature to the base line following the cessation of the heater 
calibration pulse [the base line is given by the extrapolation of the 8 - t series observed 
before the appl ication of the calibration pulse]. Evidently, the raising o f  the cel l  
temperature by the calibration pulse has led to an increase in  the thermal output from the 
cell which persists following the termination of the calibration, i .e. a form of "positive 
feedback" [see Footnote C.43] . The cal ibration of such a system can obviously only be 
achieved with many restrictions and with great difficulty [see Footnote C.44]. 

The interpretation of Fig. A.7 will be considered further in Sections A.3 and A.4. 

A.3 The NHE Interpretation of This Pd-B Experiment (M7c2) 

As has already been pointed out, the NHE interpretation of the Pd-B experiment rests on 
the determination of the "true heat transfer coefficient" on Day 3 of the measurement 
cycles. Apart from the citation of the value of this coefficient (0.793 504 x 10-9 WK-4) in  
the header for the spreadsheet for Day 1 ,  the information given by NHE is  contained in  a 
set of  spreadsheets, which appear to be related to the (kR' ) 1 1 spreadsheets of the ICARUS 
Methodology for analyzing the data. The description of these spreadsheets is contained 
in Footnote C.45 .  In add ition to the description contained in this Footnote, we have to 
take note of the fol lowing observations: 

a)  it is not clear how the value of the "true heat transfer coeffic ient" was 
determined nor which of the definitions of the heat transfer coefficients 
may have been used [see Section B .3]. The (kR'b - ·spreadsheets [or 
(h'») I spreadsheets] (I ).(2) which would have allowed an investigation of 
this value [and which were part of the ICARUS data processing system] 
were not given [see also Section A.4]. However, it is l ikely that this was 
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the coefficient (kR'}32 and it will be assumed here that this was the case, 
i . e .  we will assume that the values of the excess enthalpies given in 
col umns ( 1 2) and ( 1 8) of the spreadsheets were based on calculations 
using the single value 

b )  it i s  also not clear to what extent the values of the "true heat transfer 
coefficient" and of the excess enthalpies may have been affected by the 
val ue 

C M =490JK- 1 p 

used in the calculations .  Values as high as this applied to cells used prior 
to 1 992, and the Handbooks for the ICARUS Systems containe d  
instructions for changing this [an d  other] parameter(s) depending on the 
value found using the methods of evaluation outlined in the H andbooks 
(1),(2) [see also Sections A A  and 8 .3 ] .  

I t  should be  noted that the "guesstimate" of the water equivalent of the cell 
IS: 

CpM - contribution of D20 in the electrolyte + contribution of the 
glass in the inner cell wall = (4 1 9  + 3 1 )  JK-1 = 450 JK-

1 

The remaining components of the cell [LiOO, metals, g l ass  framing, 
heater, thermistor, a proportion of the Kel-F plug] will contribute only  a 
small additional term to CpM. I t  follows, therefore, that observations of 

CpM far above or below 450 JK-
1 

indicate malfunctions of the methods of 

data evaluation. 

(c) as has been noted elsewhere [see Section B .2] ,  the values of the rates of 
evaporative cooling, columns (9) and ( 1 6) ,  given in the spreadsheets 
cannot be calculated using the instructions given in the Handbooks for the 
I CARUS-l and -2 Systems (1),(2). The differences are not important at low 
temperatures [such as those which apply to Day 3 of the measurement 
cycles ,  Table A .2] but become significant at temperatures close to the 
boiling point .  However, at such e levated temperatures other factors 
negl ected in the cal cul ations carried out by NHE become even more 
important [see Sections B .2  and A .7] .  

(d) it is apparent that the enthalpy inputs given in column 8 of the NH E 
spreadsheets have been calcul ated using 1 . 54 V as the thermoneutral 
potential , EOH, whereas most other authors have used the value 1 . 527 V.  
The circumstances leading to our choice of the val ue 1 .54 V have been 
described elsewhere [see Footnote C.46] .  The value 1 .527 V has been 
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used i n  deriving Tables A.3 - A.9). 

While considering the values of the enthalpy inputs, column (8) of the 
NHE spreadsheets, it should be noted that these have been given to 4 
signifi cant figures whereas they should have been given to 5 significant 
fi gures. It is not clear at the present time whether the values of (kR' ) 1 1 

l i sted i n  the spreadsheets were calcul ated using the enthalpy inputs 
rounded to 4 figures or whether a higher precision was maintained in the 
calculations. 

( e) the most serious shortcoming of the NHE calculations is  that the i nput due 
to the calibration heater has been entered as zero rather than the actual 
value given separately as 0. 25000 W [see Footnote C.47] . In the procedure 
used by NHE ( I I )  the "lower bound heat transfer coefficient, (kR') l l "  is  
calculated with this  assumed zero enthalpy input, and i t  is then assumed 
that the magnitude of the enthalpy input, can be recovered together with 
any rate of excess enthalpy generation by using this derived " lower bound 
heat transfer coefficient" together with the "true heat transfer coefficient, 

(kR')32 and fl (e). Let us assume first of all that such a procedure is correct. 

Then we can see an immediate disadvantage as compared to the method 
outl ined for the ICARUS Systems in that we are unable to determine 
whether (kR') 1 1 during the period o f  the application of the cal ibratio n  pulse 
in t l  < t < t2 is the same as for t < t l ,  or t > t2 [see Footnote C.48].  The 
data derived, e.g. see Fig. A . 8  below, are certainly further degraded by 
using an incorrect value of CpM. However, in actual fact, the procedure 

used by NHE is  invalid as has been pointed out in a Report (4) and i n  
subsequent correspondence [see Footnote C.49] . It i s  difficult to see why 
the straightforward procedure outlined in the Handbook for the ICARU S - l  
System (

2) was not followed. 

Notwithstanding the reservations (a)-(e) about the evaluations carried out 
by NHE,  columns 7- 1 0  of Table A.2 sum marize these evaluations 
[col umns 1 2, 1 4, 1 8  and 1 9  o f  the (kR') 1 I  spreadsheets given by N HE] 
while the derived data in columns 1 1  - 1 4  of Table A.2 are also based on 
the NHE evaluations. Columns 1 5  - 1 7  of Table A.2 make a correction 
for (e); the remaining required corrections have been made for all the 
deri ved data given in Tables A.3-A.9, Sections A.4-A.7 and A. I O. 

We consider next the values of the "lower bound heat transfer coefficient, 
(kR') I I ," compared to the "true heat transfer coefficient" as given by the 
N HE evaluation, Columns 7 and 9 of Table A.2 and Fig. A . 8 ,  as well as 
the values of the rates of excess enthalpy generation, columns 8 and 1 0  
and Fig. A.9. Table A.2 also i ncludes the I I -point averages of 1 09 (kR') 1 I  
and QCXCC55 in columns 1 3  and 1 I and the further 6-point averages of 1 09 

(kR  ' ) 1 1  and Qcxccss in columns 1 4  and 1 2  respectively using the data 

evaluated with the e - I series as given by the "short thermistor" . We can 
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only conclude from these dat a that the evaluations are incorrect based on 
the following evidence :  

Cf) it is impossible for the "true heat transfer coefficient , (kR')32" to b e  smaller 
than the " lower bound heat transfer coefficient , (kR') I I " b ecause the lower 
bound value is based on the assumption that ther e  is a zero r at e  of excess 
enthalpy generation in the cell . The type of difference seen in Table A.2 
and Fig. A . 8  could only arise if the cell w as endoth erm ic, and the 
endothermicity has already been fully t aken into acco unt using th e 
thermoneutral potential . Any additional endothermicity , therefore, requires 
that the cell operat es as a spon taneous refrigerator , and this violat es the 
Second Law of Thermodynamics . 

(g) the pronounced v ar iat ion of the " lower bound heat transfer coeffici ent , 
(kR') I I " with time following the application of the h eater calibration p ulse 
at t = t l and its cessation at t = 12 implies at the very l east that the "raw 
data "  h ave been evaluated using an incorrect value of the water equivalent , 
CpM ,  of the cell. 

(h) the excess enthalpy given by the NHE evaluation is apparently negative 
both for t < t l  and t > t2 which is a further illus tration of the apparent 
violation of the Second La\v of Thermodynamics, cf.  (f) above. 

(i) it h as b een maint ained ( I I ) that the NHE eval uation recovers the magn it ude 
of the h eat er calibration pulse, �Q, during its period of application, t l  < t < 
t 2, togeth er with any rate of excess enthalpy generation. Fig. A.9  shows 
that this is incorrect : the val ues of the rates of excess enthalpy generation 
[which here include the en th alpy input to the calibration h eat er] are l ess 
than �Q in the period t ,  < t < t2 if we take Qexcess = 0 as the bas e  line .  If 
we fix the base-line at the level of the negative rat e  of excess enthalpy 
generation for t < t "  then Qmess > L1Q during the period of the calibration 

pulse, t ,  < t < t 2  [see Footnote C.SO] .  

W e  conclude that the evaluation given by  NHE is invalid and that it is  likely that this 
evaluation is subjec t to several distinc t errors . 

A.4 ICARUS Type Interpretation of  the Experiment 

As a first step, we correct the (kR') I '  spreadsheet ,  T able A.2, by including th e magnit ude 

of the calibration p ulse. L1Q, in the definition of th e "low er boun d  h eat transfer 
coefficient" .  Th e modified values of 1 09 (kR' ) 1 I are shown in col umn 1 5  while the val ues 

of 1 09 ( kR ' )1 1  an d 1 09 (kR ' ) 1 1  are given in col umns 1 6  and 1 7 . The values of 1 09 

(h') " in the region t ,  < t < t2 can now be shown together with those for t < t ,  and t > t 2  
on a graph using a single scale for the ordinat e, Fig. A. I O. While we cannot b e  cert ain 
whether or not an incorrect choice of Cp"t\'1 can explain the fa ll of (kR') 1 I  in the region t>t , 
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[but close to this time] or the rise for t>t2 [but close to this time], it is clear that (kR') I I  
drops markedly i n  the region t l <t<h compared to the values for t<t l and t>12 . Such a 
drop in  (kR') 1 1  can only be due to the neglect of the build up of the rate of excess enthalpy 
generation during t I <t<t2 . It  fol lows that the increase in temperature due to the 
cal ibration pulse i ncreases the rate of excess enthalpy generation. In  fact, the experiment 
shows a very early establishment of "positive feedback" as is indeed evident from the plot 
of  the " raw data",  Fig. A.5 [see Footnote C 5 1 ] .  It is very important that the presence of 
"positive feedback" can be established by a simple examination of a (kR') 1 1 spreadsheet 
constructed according to the instructions in the ICARUS- I Handbook (2 ) . 

It should be noted that the amplitude of the calibration pulse would have had to be �Q = 

0.2763 W in order to bring the values of (kR') 1 1 in the region t l <t<t2 to the level of the 
regression line which applies to the data for t<t l and t>t2 . Such a change in �Q is beyond 
all possibi l ities. 

The next step is to prepare a modified (h') 1 1 spreadsheet where we correct the enthalpy 
inputs [see (c), (d) and (e) in Section A.3]  and present the data in a form suitable for the 
application of equation (B . 1 2) columns 3 and 4 of Table A .3 ,  whi le column 5 gives the 
result of the appl ication of equation (B. 1 2). In view of the early intervention of "positive 
feedback" ,  we would only expect to be abl e to apply equation (B . 1 2) at times close to t l  
where we see that the "true heat transfer coefficient", (kR' ) 1 1 must be at least 0 .83808 x 
1 0-9 W K-4 while the water equivalent, CpM is of  the order of 454 JK- I [in agreement with 
the "guesstimate", see Section A.3] . 

The i nfluence of "positive feedback" on the fai lure of simple methods for the evaluation 
of the "lower bound" and " true heat transfer coefficients " as we l l  as of the water 
equivalent of the cell is also shown clearly by attempts to derive (kR') 1 8 1 [which rely on 
the combination of data for the t ime regions t l <t<t2 and t2 <T, (see Section B)] . This  
evaluation has been found to  be especially useful  in the analyses of data sets for "blank" 
experiments [e.g. see ( 1 3)] . Fig. A . I I illustrates that we are unable to obtain a satisfactory 
interpretation of such data for the experiment as is also shown by column 6 of Table A . 3 .  

Column 7 o f  Table A .3  gives the values of 109 (kR') 1 1 while column 8 gives the running 
mean, 1 09 (�)ll ' of column 7. We can see that these values do not differ greatly from 
the corresponding values in columns 9 and 1 5  of Tab le A.2 which, are based on the 
correction of (e) alone [see Section A.3] of the NHE analysis. Fig.  A. 1 2  gives the plot 
of the data in column 7 versus time and also shows the variation of 1 09 (kl{') 1 1  with time 
predicted using the values for t<t l and the known behavior established with appropriate 
"blank" experiments e.g. (4),( 1 3).( 1 4). As in the case of the data in Fig. A. I 0, we can see 
that the temperature rise induced by the cal ibration pulse leads to a decrease in (kR ') 1 1  
while the coo l ing consequent on the termination of the pulse leads to an increase in 
(kR') I I .  These changes can only be due respectively to an increase and decrease in  the 
rate of excess enthalpy generation, which cannot be taken into account in deriving the 
values of (kl{') I I , i .e. the effects of "positive feedback". 

Fig. A . 1 2  shows that we still observe discontinuities in the " lower bound heat transfer 
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coefficient, (kR') I I " at t l  and h .  However, it i s  evident that there can be no mechanism, 
which could  account for such changes. which must therefore be due to an error in  the 
analysis .  The most obvious error is  the use of an incorrect value of CpM [see (b), Section 

A.3] . The analysis of the time dependence according to equation (8. ] 2) in the region t > 
t l  [but adj acent to t l ] indicates that the correct value is - 450 JK- I , and columns 9, 1 0  

and 1 ]  of Table A 3  give respectively CpM (d�e/dt), 1 09 (kR') 1 1  and 1 09 (k� ) l l  based on 

this va lue of CpM.  F ig. A I 3  shows a plot of the values in column 10 versus time, and we 

can see that the d iscontinuities in the heat transfer coefficient at t>t l and t>h [but adjacent 
to these t i mes] are now el iminated.  However, as expected, the effects due to "positive 
feedback" are maintained. 

Col umn 1 2  of Tabl e A3 also gives values of the rates of  excess enthalpy generation 
cal culated with the "true heat transfer coefficient, (kR ') 1 2 "  = 0.85065  X 1 0-9 WK-4 

estab l i shed using the (kR')n spreadsheets and other confirmatory evidence outl ined i n  
Section A .5  below. Fig .  A 1 4 shows that there i s  indeed only a smal l rate of excess 
enthal py generation for t<tl whil e  the appl ication of the cal ibration pulse l eads to a bui l d­
up of this rate which again decreases for t > t2 [there is a small long-term increase in  the 
rate of excess entha lpy generation for t>t2] ' F ig .  A 1 5  shows a s imi lar calculation but 
using the NHE methodology [note the difference in scales of the y-axes in F igs. A 1 4 and 
A 1 5] .  We again see a near zero rate of excess enthalpy generation for t<t l ,  while for t>tl 

but adj acent to tl we now see the step due to the cal ibration pul se, �Q = 0.2500 W. I n  the 
region t l <t<h, we then see the bui ld-up in the rate of excess enthalpy generation due to 
"positive feedback" .  At t = tz but adjacent to t2 we again see a step in the total observed 
rate of  excess enthalpy generation.  As expected,  this step again corresponds to the 
expected val ue �Q = 0.2500 W; at longer times we see the gradual decrease of the rate of 
excess enthalpy generation due to the removal of the effects of "positive feedback" .  

The comparison o f  the interpretation of the (kR') 1 1  spreadsheet prepared accord ing to the 
instruct ions for the I CARUS Systems ( 1 ) . (

2 ) w i th that prepared us ing  the N H E  
methodology, Section A3, i l l ustrates the importance o f  fol l owing the instructions l aid  
down in  the Han dbooks ( 1 ).(2) .  We can al so see that a great deal of information about the 
behavior of the systems can be derived from the interpretation of the correctly evaluated 
(kR') 1 1 spreadsheets and these spreadsheets serve as the bas i s  for the next stage of the 
analysis of the measurement cycles .  

This next, third, step in  the data analysis is  the preparation of the (h')2 1  spreadsheet for 
the whole measurement cycle shown in Table A4 which can be used equival ently to 
produce the (kR 'h l  spreadsheet [Table A.4 i s  an abstract of  the two spreadsheets] [see 
Footnote C . 52] . I n  evaluating the integral s used in  the preparation of this spreadsheet, it 
has been noted that tl and t2 correspond closely to the relevant measurement intervals  
[th is  i s  not  i l l ustrated i n  th is  Report ] .  The integrals have been evaluated using the 
trapezium rule fol l owing the insertion of additional data points t l  and t2  [see Footnote 
C .53] .  

I t  can be seen that Table A.4 and a comparison of the p lots of (kR ')n and (kR')3 1 versus 
t ime, Fig. A. 1 6, w ith the corresponding plots for "b lank experiments" ,  e.g. see (4).(5 ),( 1 4), 
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shows very cl early the intervention of "positive feedback" due to the superposition of the 
cal i bration pulse. If we focus aUention first of al l on the behavior of (h')3 1 for t<t l , then 
we see the expected smal l decrea.."-e with increas ing time [see Footnote C. 54] . For t>tl we 
see a more rapi d  decrease due to the onset of " positive feedback". The effects of this 
"pos itive feedback" decrease for t>t2, so that we observe a small increase of (kR')31  with 
increasi ng time i n  th is region. 

The variation of (kR')n with time can be i nterpreted in a s imi lar way provided one bears 
in mi nd that there is now no regil..")n in time in which the i ntegrals used in the calcu l ation 
of the heat transfer coeffi cient are independent of the effects of " positive feedback" .  
This infl uence of " positive feedback" o n  the integral s used in the eval uation o f  (kR'b 
expl ains why we cannot obtain a satisfactory evaluation of the target value of the " lower 
bound heat transfer coefficient, ( "'-R'bl" col umn 5 of Table A4. We wou l d  only expect 
to be able to appl y the ICARUS methodology in a region of time where the influence of 
"positive feedback" can be expected to be adequatel y  smal l ,  say in the region 72,3 00 -

75,300 s of the measurement cycle .  The estimates of the " lower bound heat transfer 
coeffi cient, (kR')26 1 "  and of CpM are shown in bol d type in column 5 of Table A4. 

Again, i f  we bear i n  m ind the influence of " positive feedback" on the i ntegral s, we would 
only expect to be able to appl y  the ICARUS methodol ogy to the i nitial part of the 
cal ibration period to give estimaIes of the target value ( kR')361 [say between 32,400 and 
35,400 s in Tab l e  A.4] . These esti mates of the " lower bound heat transfer coefficient, 
(kR'h61 " and of CpM are shown in bol d type in Col umn 1 0  of Table A4. 

I t  i s  i mportant here to draw auention to a restriction, which we have appl i ed to the 
eval uation of the integral heat transfer coefficients. Table A4 shows that abscissa i n  
col umns 2 or 7 are always nume n cal l y  smal l compared t o  the ordi nates i n  columns 3 or 
8 .  I n  consequence the heat transfer coeffi cients (kR')n and (kR')3 1 i n  columns 4 or 9 can 
be eval uated with good precision notwithstanding the l i mi ted accuracy of the values of 
the water equival ents, CpM. 

This effect becomes much more important when we come to consider the eval uation of 
the "true heat transfer coefficients. (kR'b2 and (kR')362 [see the discussion of Table  A 5  
further below ]. For the particul ar case of the experiment we see that we must rel y  on the 
eval uation of the "true heat transfer coeffici ent, (kR' )362 in view of the i ntervention of 
" positive feedback" even though this heat transfer coefficient is not the target val ue of the 
ICA R U S  methodology [see Footnote C.55] .  Col umns 1 I and 1 2  of Table A 4  now show 
that the abscissae and ordinates have comparabl e magnitudes in the time range i n  which 
we m ight conce ivably be able t o  neglect the effects of " positive feedback " and the 
eval uation of ( kR'h62 therefore fai l s  

The comments which have been made about the eval uati on of the integral heat transfer 
coeffi c ients using the whole measurement cycl es appl y equal l y  to the eval uations 
accordi ng to the instructions and software in the ICARUS Systems ( 1 ).(2), Tabl e A . 5 .  The 
eval uation of ( kR'h61 [not sho\\ n in Table A 5 ]  fai ls  because of the intervention of 
" positive feedback" and the prec l � lon of (kR'h l and (kR'h6 1 ,  columns 4 and 5 of Table  A.5 
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i s  low because of the need to restrict attention to the region t>t l but close to t l . This i s  
equal ly  true of  the accuracy of (h')32 and (kR')362 shown in  col umns 8 and 9 of  Table 
A. 5 .  However, the eval uations of these coefficients are instructive because it is v irtual ly  
certain that the val ue of the "true heat transfer coefficient" quoted by NHE i s  e ither the 
val ue of (kR'h2 at a part icular t ime or e l se (kR')362 eval uated over a part icular range of 
time .  

Columns 1 0  - 13  of Table A.5  i l l ustrate the eval uations of (kR'h2 and (kR'h62 and it i s  
clear that we cannot apply the ICARUS Methodology as set out i n  the Handbooks ( 1 ),(2) in 
view of the intervention of "positive feedback". We therefore have to investigate whether 
we can modify the approach so as to al low the determination of the " true heat transfer 
coefficients " .  We have to note that it  is unl ikely that we wou ld  be able to find a general l y  
val id  procedure because i t  i s  in general not poss ib le  to cal ibrate closed loop systems 
subject to "pos i t ive feedback" .  However. for the particu l ar example of Day 3 of the 
experiment we can see that the effects of "pos itive feedback" are re lat ively smal l and,  
moreover, confined in  the time-domain, Fig .A. I 4 .  We can therefore include the observed 
values of the rates of excess enthal py generation in the eval uation of the integral of the 
enthalpy input and use th is mod ified integral to re-eval uate (kR'b and (kR'h62 col umns 1 4  
- 1 6  of Tabl e A . 5 .  F ig .  A. I 7  i l l ustrates this eval uation. I t  can be seen that we do  indeed 
now obtain a satisfactory fit to equation (8 .24), which explains the choice of 

for the further evaluation of the data. 

I n  v iew of the fact that th is  eval uation of the "true heat transfer coeffi c ient, 
(kR'h62 requ ires the development of a special approach, it  i s  necessary [and advisable] to 
investigate whether the value obtained can be confirmed by other means us ing d ifferent 
parts of the experiment [ i .e .  other measurement cycles] . Such confirmations can be 
obtained using the measurements on Day 6 1  and the first 57 hours of Days 1 and 2. 
These confirmations are outl ined in Sections A .5  and A.6 respect ively. 

A.S A pplication of the ICA RU S Type Inter pretation to the Data for Day 61 

I t  has been shown in Sections A .3  and A .4  th at the earl y intervention of "posit ive 
feedback " requires us to mod ify the ICARUS eval uation strategies in order to achieve the 
cal ibration of the system i .e .  to determine the value of the "true heat transfer coefficient " .  
I t  is therefore important to  find confirmatory evidence that th is heat transfer coefficient i s  
indeed equa l  to 0 . 8 5065 x 1 0'9 WK·4 as given at  the end of the prev ious Section. 
Ev idence perti nent to th is concl usion is presented in the present Section as wel l as 
Section A .6 .  

We note in the first p lace the val ues of  the total excess enthalpy for each day of  operation 
cal cul ated us ing the "true heat transfer coefficient, (kR 'h2" =0.79350x l O,9 WK,4 as 
given by the NHE eval uat ion as wel l  as those cal culated w i th "true heat transfer 
coe fficient (kR'b2" = 0 . 85065 x 1 0,9 W K ,4 as determined in Sect ion A.4 using the 
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ICARUS methodology, Table I .  These val ues are pl otted in Figs. A . 1 8  and A. 1 9 

respect ive ly .  We can see immediately that the evaluation given by NHE must be 
incorrect because we obtain negative excess enthalp ies for some of these days, which 
contravenes the Second Law of Thermodynamics [c.r. Section A.3] .  On ·the other hand 
the evaluation based on the heat transfer coefficient given by the mod ified I CARUS 
evaluation scheme only gives a very sl ightly negative excess enthalpy for Day 6 1 . 

It is therefore reasonable to assume that the rate of excess enthalpy generat ion on Day 6 1  
i s  close to zero. The eyal uation of the " lower bound heat transfer coeffic ient, (kR') I I " 
from the re levant (kR') 1 1 spreadsheet, Table A.6,  must therefore be close to the values of 
the "true heat transfer coefficient, (kR') I 2 " .  F ig. A .20 gives a plot of the relevant data 
compared to the pl ot which we predict us ing the value (kR') 1 2  = 0.85065 X 10,9 W K-4 and 
the variation of (kR') 1 1  with time given by the relevant "blank" experiments (-1),( 1 3),( 14) .  I t  
can be seen that the observed values of (h') I )  are in close accord with those which we 
wou ld  predict on the as sumption that there is only a l ow rate of excess enthal py 
generation on that day. 

I t  can be seen that there is only one region of time in which there is a marked dev iation 
from the predicted behayior namely for 0 < t < � 10,000 s on Day 6 1 .  In this region 
(kR') 1 1  is markedly l arger than the expected value and, moreover, decreases rapidly with 
time to these predicted ya lues. I t  is poss ible therefore, that the deviation seen in this 
time range can be attri buted to the "overfi l l ing" of the cel l  [see Footnote C.56] .  Separate 
measurements have shown that the pseudo radiative heat transfer coefficient increases by 
� 5% over the expected val ue presumably because of an increase in the condu ctive 
contribution through the top of the cel l .  Another expl anat ion already noted in Section 
A.2 is  the sudden coo l ing of the cel l by the l arge add ition of D20 on Day 6 1 .  

A.6 A Pre-ICARUS [val uation of the True Heat Transfer Coefficient 

It  is possible to find a further value of the "true heat transfer coeffic ient (kR ' ) 1 2
" 

by 
applying a method used in  1 992 ( 1 5),( 1 6) . It was shown at that time that the " lower bound 
heat transfer coefficient ( kR'» ) I "  decreases markedly from the expected value during the 
init ia l  stages of the measurement cycl es. I n  this case the decrease is due to the 
exotherm ic absorption of deuterium in the lattice. It  woul d  be expected, therefore, that 
the "l ower bound heat transfer coefficient, (kR') I I " wou ld  rise marked ly to the expected 
"true" value as this process is completed with the proviso that we can observe a period of 
operation during which there is zero excess enthal py generation. It fol lows that we can 
derive a value of the "true heat transfer coefficient, (kR') 1 2 " from the maximum of the 
"lower bound heat transfer coefficient, (kR') I I " which is  observed with increasing time. 

Fig. A.2 1 shows the re leyant data for the first 57 hours of operation of the experiment 
[ i .e .  up to the time of app l ication of the heater cal i bration pulse on Day 3]. The fu l l  l ine 
at the top shows the expected variation of (kR') 1 1  with t ime based on the val ue of (kR') 12  
at t = t2 on Day 3 [ i . e .  ( kR') 1 2  = 0.85065 X 1 0,9 WK ,4] ,  the assumption of zero excess 
enthal py generat ion [ i .e  ( kR') 1 1 = (kR') I 2 ] and the known variation of (kR ') "  with time 
establ ished with "bl ank"  experiments (4 ).< 1 3 ).( 1 4 ). It can be seen that (kR')" does indeed 
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rise to the predicted levels as the charging of the el ectrode is completed. 

F ig .  A .2 1 also shows the derived rates of excess enthalpy generation based on the 
experimental val ues of (kR') 1 1 and the assumption that the "true heat transfer coefficient" 
is  given by the regression l i ne. The horizontal l ine here gives the expected value of the 
rate of excess enthalpy generation based on the assumption that the current efficiency for 
the charging of the electrode is 1 00% and that the enthal py of absorption of  deuterium in 
the lattice is  40 kJ Mole- I . I t  can be seen that the experimental val ues are i n  reasonable 
accord with this pred iction. 

F ig. A .2 1  furthermore shows that there is a smal l build up of excess enthal py generation 
on Oay 3 fol l owing the completion of the charging process [compare ( 1 5).( 1 6) ] . 

The data shown i n  Fig .  A .2 1 also lead to a number of important questions, wh ich cannot 
be resolved at the present time [see Footnote C. 57] . 

A.7 Day 68: The Period 0 < t < 2 1 .300 s During Which the Cell is Driven to 

Dryness 

We consider next the penu ltimate day of the investigation of the experiment; the cel l  i s  
driven to dryness during the first part of this  measurement cycle .  The "raw data" for thi s  
sect ion is given i n  col umns 1 - 5 of Table A . 7  whi le  columns 6-9 summarize the 
in terpretat ion in  the rel evant NHE spreadsheet [the part using the te mperature 
measurements with the "short thermistor"] '  

W e  can draw a number of important conclusions from the "raw data" alone. W e  note in 
the first p lace that the temperature given by the " long thermistor" is  now s l  ightl y higher 
than that given by the "short thermistor" whereas the opposite is true for measurements 
made at low temperatures. At first sight such a change might be attributed to a genuine 
effect namely, the increase in the enthal py input in the bottom part of the cel l [containing 
the Pd-B cathode] . However, such an interpretation is unl ikely because the temperature 
d ifference between the two thermistors is essential ly  constant for say 20,000 s even 
though the enthal py input increases by a factor of three. It is more l ikely therefore that 
thi s  parti cul ar temperature difference is  a further manifestation of errors in the cal ibration 
of the thermistors. Experimental ly, furious boi l ing and swirl ing act ions were centered 
around the cathode during this period which may have affected the temperature read ings 
of the longer thermistor. There was also about 2 cm of foam on the l iquid interface . 

The temperature d i fferences between the two thermistors are appreciably l arger for the 
last four data acquis i tion points and this difference is especial ly  marked for the l ast point 
[0. 590 K]. Such a d ifference is to be expected i f  the " long therm istor" is now in the 
rel ative ly  concentrated LiOO solution or foam residue wh i le  the "short therm istor" is  in 
the vapor phase. However, we also have to note that the temperature at both pos itions is 
above that of the bo i l ing point of pure 020. Ev idently, we have to take into account the 
increase of the bo i l ing point wi th the e l ectro lyte con centration as the 020 i s  
progressively evaporated [see Section 8 . 2 ] . However, w e  al so have to take note o f  the 

1 9  



fact that the vapor phas e  can be superheated [albeit to only a l imited extent, see Footnote 
C . 58] .  I f  we do not take account of the increase of the boil ing point with concentration, 
we arrive at the imposs ible resul t of negative enthalpies of evaporation with i ncreasing 
tem perature as shown by the NHE eval uation. We a l so have to use the correct 
atmospheric pressure in the calcul ation of the rate of evaporative cool i ng, and we need to 
change the thermoneutral potent ia l  and the water equivalent of the cel l i n  the NHE 
eval uation. As the  water equivalent of  the  cel l on ly  l eads to a significant term CpM 
(d�eldt) in the in i t ial stages for Day 68, it has been assumed that CpM is unchanged 

throughout the stage l eading to evaporation to dryness [however, see further comments in 
Section A . 8] .  

The modified spreadsheet is  shown in Table A . 8, which i s  sti l l  an intermed i ate step in the 
evaluat ion because of the neglect of refl ux in the cel l .  However, th i s  intermediate 
spreadsheet is suffici ent for the next stage of the evaluation. It has al ready been pointed 
out in Section B.2 that it  is  desi rable to carry out such a first stage of the eval uation 
independently of the complexities of the evaluation of the rate of evaporative coo l ing and 
reflu x  i n  the cel l .  We can carry out such a fi rst step i n  a straightforward way by 
cal cul ating the total enthalpy input and output from the cel l  using columns 1 -3 of Table 9 
and the known "true h eat transfer coefficient" .  We obtain :  

enthal py input = 3 78, 1 05 J; CpMLlS = 2,0 1 2  J 

enthalpy output = 2 1 2,686 J for (kR') 1 2  = 0 . 8 5 065 X 1 0'9 WK'4 

= 223,320 J for (kR'h = 0. 893 1 8  x 1 0,9 WK'4 

The enthalpy ava i l ab l e  for evaporation of the 020 is therefore 1 63 ,407 J i f  the l ower 
value of the heat transfer coeffic ient app l ies or 1 52,773 J i f  the h i gher val ue appl ies .  
However, we require 207,03 1 J for the evaporation of the 4.968 Moles o f  020 in the cel l .  
There i s  therefore a short fal l  of either 43 ,624 or 54,258 J, a short fal l ,  which can only be 
suppl ied by excess enthalpy generation in the cel l .  If th is excess enthalpy is  suppl ied at a 
uniform rate throughout the period leading up to evaporation to dryness, then this would 
requi re a mean excess rate of 2 . 048 or 2. 547 W depen d i ng on whether the "true heat 
transfer coefficient" has the lower or higher value. 

This  cal cul ation is  s i m i l ar to one, which has been described prev iously (8) except that the 
publ ished version incl uded comments on the time dependence of the rate of excess 
enthalpy generat ion. I t  is  quite obvious that the rate of excess enthal py generation m ust 
i ncrease with time because the i nit ial rate on Day 68 is less than I W. It is important 
therefore to try to establ ish the variation of the rate of excess enthal py generation w i th 
time, if only to make a connection with the i n it ial rate of " Heat after Death" observed 
after the cel l has reached dryness [see Section A . 8]. ]n order to derive th is variation, we 
have to incl ude an estimate of the rate of reflux in the cel l ,  and this part of the cal cu l ation 
w i l l  fol low the scheme outl ined in  Section B . 2  [see Footnote C . 59] . The detai ls  of the 
eval uation are given in Table A.9. We can see that the negative values of the enthal pies 
seen i n  Tables A 7 and A . 8  are now eliminated as the 020 in  the cel l  i s  mai ntai ned by the 

20 



amount of reflux.  The total amount evaporated i s  also i n  reasonable accord with the 
amount of 020 init ial ly in the cel l .  It is  important to real i ze that we have assumed that 
the whole of the heat transfer from the cel l in the region fil led with vapor leads to re­
condensation [see Section B .2] i.e. we have overestimated the reflux and underestimated 
the amount evaporated. We should a lso note that the calcul ation is improved somewhat 
if  we allow for the fact that the boil ing point reaches a l imit due to the l imited solubi l i ty 
of LiOD in 020 at the boiling point [this aspect is not i l lustrated in this Report] . 

Although the calculation as outlined gives a reasonable interpretation of the behavior of  
the cell as the  contents are driven to dryness [e l imination of negative enthalpies o f  
evaporation] , w e  nevertheless still derive negative rates of excess enthalpy generat ion at 
long times. This is  undoubtedly due to remaining inaccuracies in the calculation of the 
rates of evaporative cool ing. At the present time i t  is best to restrict a ttention to the 
earl ier part of the period leading to evaporation to dryness, say to t < 18,000 s .  We see 
from Table A.9 that the rate of excess enthalpy generation reaches - 9.3  W at this time, 
or 27 W cm-J. It i s  i mportant to rea lize that s imi lar orders of magnitude are obtained 
even with the interpretation given by NHE, i .e .  the estimate is  "robust" [see Footnotes 
C.60 - 62] . 

A.8 Day 68 : The Period 2 1 ,300 s < t < 86,400 s Following Evaporation to 
Dryness 

As has been noted in Section A . I one of the o bj ectives of the present investigation has 
been the search for the presence [or absence] of the effects of " Heat after Death" . The 
period fol lowing the evaporation to dryness on day 68 i s  an example of the protocol  
originally described as Case (5)  (9),( 1 0) i.e .. cell empty: cell al lowed to boi l  dry;  cel l  then 
maintained at the rai l vol tage of the galvanostat. 

The original investigation was divided into two parts: 

(i) the i nvestigation and interpretation of the cooling curves fo llowing 
evaporation to dryness; 

(i i) the evaluation of thermal balances in the corresponding period. 

Attention here wi l l  be confined to the second of these approaches. 

Tabl e  A. I O  gives the "raw data" for the first 9000 s of operat ion during this peri od 
[columns 1 - 4] .  The data set has been restricted to the tirst 30 acquisition intervals so as 
to avoid the complications due to the heater calibration pulse, which was st i l l  appl ied on 
Days 68 and 69.  Columns 5 and 6 gives the data required for the calculation of the rates 
of excess enthalpy generat ion shown in col umns 7 and 8. I t  has been assumed that the 
water equivalent of the empty cell is 28 ,3  J K- 1 , the val ue for the ce l l  fi l led  with 
elect rolyte l ess the contribution due to the 5 moles of 020 removed during evaporation to 
dryness. 

The values of the rates of excess enthalpy generation shown in column 7 have been based 
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on the "true heat transfer coefficient, (kR') 1 2" observed for the cell filled with electrolyte, 
i . e .  0 . 8 5065 x 1 0-9 WK4, which will certainly apply to init ial stage of the observation of 
"Heat after Death" when the cel l  is filled mainly with D20 vapor. However, calibrations 
of cells fil led with air  (9),( 1 0) have shown that the heat transfer coefficient fal ls  to about 
0.75 of the value for the cells fil led with electrolyte . The values of the rates of excess 
enthalpy %eneration shown in column 8 have therefore been calcul ated using (h') 1 2  = 

0.65 x 1 0- WK-4_ 

A s  would be expected, the rates of excess enthalpy generation shown i n  column 8 are 
lower than those i n  column 7, but the decreases in both cases are broadly i n  l ine with 
those expected for a process controlled by a diffusional relaxation time. The initial rate 
of excess enthalpy generation given by column 7 is approximately the same as the rate 
reached during the period 0 < t < 2 1 ,300 s as the cell is being driven to d ryness, F ig .  
A .22.  Such a correspondence would, of course, be expected if excess enthalpy 
generation takes place in the bulk of the metal phase. 

We note also that the rate of excess enthalpy generation is about 1 0  times that of the rate 
of enthalpy input during this period of "Heat after Death". 

A.9 Day 69: The Period 2400 s < t < 32,400 s 

This period i s  o f  specia l  interest in the operation of the cell because the cel l was 
d isconnected from the galvanostat at 2400 s so that the enthalpy input was zero during 
the remaining period of operation. In any search for the effects of " Heat after Death" the 
protocol there should be described as Case (6) (9),( 10) i .e .  cell empty: cel l allowed to boi l  
dry; cel l  disconnected from the galvanostat and that the application o f  Case (6) was 
preceded by a period covered by Case (5) as described in Section A.8.  

The examination of the behavior of the cell has been restricted here to the t ime t <32,400 
s as the usual cali bration pulse was applied at tl = 32,400 s. The Joule heat injected by 
the cal ibration system is developed in a small volume so that this ca l ibration cannot be 
used to derive the "true heat transfer coefficient" of the cell for the particular operating 
conditions [see Footnote C.63].  

The "raw data" for this period of operation are given in Table A. I I  and a "cool ing curve" 
is plotted in  Fig. A .23 . It can be seen that although the temperature differences between 
the cell and water bath are smal l,  they are nevertheless significant. Inspection of F ig. 
A.23 shows that there must be a source of enthalpy i n  the system firstly, because the rate 
o f  cool ing at short times i s  too slow to be accounted for by the cooling of a calorimeter 
with a water equivalent of 2 8 . 3  JK- 1 and any conceivable value of the heat transfer 
coefficient; secondly, because we can detect at least one period during which the cel l  
contents are reheated ! 

The data in Table A . l l  are suitable for the analysis of the cool ing curve according to the 
method originally outlined (9),( 1 0) using the equation 
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In[yo( l +y)/y( l +yo)] + tan, l ( l +y) - tan, I (I +yo) 
= 4(kR')e3 bath t/CpM 

y = D.e/ebath and yo = 6eo/ebath 

and /j,eo is the init ial  temperature difference. 

(k3) 

(A .4) 

Fig. k24 shows a plot of the experimental data accord ing to equation (A.3); the ful l  l ine 
shows the predicted behavior using CpM = 28 .3  JK' I and (kR') = 0.65 X 1 0-9 WK'4. The 
deviations from this p lot due to enthalpy generation are simi lar to those previously 
observed (9),( 1 0)

. 

We can a l so make thermal balances at each point of the cooling curves using part icular 
values of the water equ ivalent and "true heat transfer coefficient". Those based on CpM 
= 28 .3 JK- 1 and (kR ') 1 2  = 0 .65 X 1 0-9 WK'4 give initial rates of enthalpy generat ion �0.5 
W. Unfortunately, the thermal balances in the period preceding the disconnection of the 
cell  from the galvanostat [ i .e .  the last part of Case 5 , Section A8] cannot be made with 
sufficient accuracy to allow a compari son of the rates of enthalpy generation at the end of 
the period fol lowing Case 5 and the beginning of the period fol lowing C ase 6 [see 
comparison of the rates at  the end of the period leading to evaporation to dryness and the 
beginning of the period fol lowing Case 5, Sections A7 and A8] .  

A. tO  Days 25 a n d  2 6 :  The P e riod Day 2 5  + 76,300s < t < Day 2 6  + 22,300s 

As has a lready been noted in Section A.2, there were frequent changes of current dens ity 
in the experiment. Consideration of Case I of the conditions l ikely to give demonstrations 
of the phenomenon of "Heat after Death" (9).( 1 0): 

Cel l  ful l :  ce l l  operated at intermediate temperatures; cel l  current then 
reduced in stages [Case 1 ]  

shows that the change of current close to the start of Day 26 of the measurement cycles is  
l ikely to provide the best example of this particular case, see Fig. A2.  There are two 
principal reasons, which indicate this. In the first place, the current density at the end of 
Day 25 is above the threshold value required for the observation of the phenomenon ( 1 2) 

while on Day 26 it is below this threshold value. Secondly, the cell temperature on Day 
25 is above that which has been observed to be important for the onset of "posi t ive 
feedback (8).( 1 5).( 16 )  whereas on Day 26 it drops below this va lue. We wou ld therefore 
expect to see a marked decrease of the rate of excess enthalpy generation at the start of 
Day 26 from the value, which app l ies at the end of Day 25 to that wh ich applies towards 
the end of Day 26 [see Footnote C.64]. 

The data covering measurements in  the last stages of Day 25 and the beginning of Day 26 
are given in  Table  k 12 .  Here columns 1-4 give the "raw data", col umns 5 - 8 give the 
derived quantit ies used to defi ne the " lower bound heat transfer coeffici ent, (kR' ) I I " 
shown i n  column 9.  We note that we used the value of CpM = 475 JK' I in  v iew of the 
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overfi l l ing of the cell  on Day 26 [see Sec t ion A.2] . The rates of excess enthalpy 
generation derived are plotted in Fig. A.25.  We can see the we l l -defi ned fal l  in  the rate 
of excess enthalpy generation, which, as in the other examples of Heat after Death 
discussed in this Report, is consistent with a diffusional relaxation time. 

Columns 1 1  and 1 2  of Table A. 1 2  also give the " lower bound heat transfer coefficient, 
(h') I I " and rate of excess enthal py generat ion taken from the spreadsheets for the 
evaluations carried out by NHE. We can see both from column 1 3  of this Table and from 
the plot in Fig. A.26, that this eva luation predicts a negat ive rate of excess enthalpy 
generation on Day 25. As we have noted elsewhere in  thi s Report, such negative rates 
v io late the Second Law of Thermodynamics and are certainly due to the use of the 
i ncorrect value of the "true heat transfer coefficient, (kR') 1 2 " g iven by the NHE analysis.  
Nevertheless, we can see from Table 1 3 , or Fig.  A .26, that we can detect the effects of 
" Heat after Death" on Day 26 even when using this faulty analysis. Furthermore, the 
i ncreasing values of the " lower bound heat transfer coeffic ient (kR') I I "  on that day 
demonstrate the presence of a rate of excess enthalpy generation, which decreases with 
time. 

It i s  i mportant, however, to draw attention to a remaining difficulty in  the interpretation, 
namely, that the i n i t ial  rate of excess enthalpy generation on Day 26 is  larger than the 
final rate on Day 2 5 .  The discrepancy would be diminished if the water equivalent were 
even higher than 475 JK- 1 or i f  we increased (kR ') 1 2  in view of the evident increase in the 
020 content of the cell, Fig. A.4. A higher water equivalent is not l i kely based on the 
experimental measurements of the electroly te volume. I t  does not seem possi ble, 
therefore, to el iminate the effect by any sens ib le  choice of the values of CrM and (kR') 12  
thus the effect is l ikely to be real. I f  this is  so, then the establ ishment of " Heat a fter 
Death" and/or " posit ive feedback" would be more complicated than is i ndicated by the 
state variables alone. For example, the time derivat ives may also be involved (6).(7). It i s  
evident that much further work is  required on these particular aspects. This work woul d  
b e  j ustified not only from the objective o f  c l ari fying the science i nvolved but, also, 
because the jud icious use of "positive feed back" and " Heat after Death" offers us the 
prospect both of increasing the power density and at the same time, of increasing the 
energy efficiency. It should be noted that if  we exclude the enthalpy input due to the 
cooling of the cel l ,  the rate of excess enthalpy generation in the init ial stages of Day 26 is  
approximately equal to the enthalpy input, i .e .  a power gain of � 1 00% whereas i t  
approaches - 1 000% for the initial stages of Heat after Death accordi ng to Case 5 ('.1).( 1 0>, 
Sect ion A.8 ,  and infinity % for the example of Case 6, Section A.9.  I t  appears that i f  the 
cooling of such cel ls is prevented [effectively by ra ising the temperature of the heat si nk] , 
then enthalpy generation may be maintained for long durations [-1 week] at very h igh 
energy efficiencies (26). It  is evident that this aspect of the work requires extensive further 
i nvestigation particularly with regard to attempts to ra i se the power density of such 
devices while maintaining the high energy efficiency. 

A. I I  Further Comments and Conclusions 

This Pd-B experi ment exhibits a l l  the key features, which have been found i n  earl ier 
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work .  These are in the main: 

(i) excess enthalpy generation in the early stages [t < 2 Days] due to 
absorption of deuterium in the lattice fol l owed by 

(i i) a build up of the rate of excess enthalpy generation 

(i i i) the development of "positive feedback" i .e .  the increase in  the rate of 
excess enthalpy generation with increase of temperature 

(iv) a marked increase in the rate of excess enthalpy generation at temperatures 
close to the boiling point of the electrolyte 

(v) a v ar iety of examples of the phenomenon of "Heat-after-Death" i . e .  a 
maintenance of elevated rates of excess enthalpy production fol lowing 
reduction of the current densi ty which may be accompanied by the 
complete evaporation of the electrolyte. 

At the same time there are some marked differences between this experiment using Pd-B 
and the earlier investigations: the effects of some of these differences can be explained in 
terms of the earl ier results whi le  some of the results are surprising. The major difference 
is that the measurement cycles had to be carried out at rather low current densities [ low 
for the observation of  the phenomenon] in view of  the relatively high surface area of the 
electrode [ i t  is necessary to l imit the power input to the cel l  to satisfy the design cri teria 
of the calorimeter). As the rate of excess enthalpy generation increases markedly with 
the current density ( 12), the values achieved in the experiment were necessarily  l imited 
[the rates increased to � 27 W cm-3 on Day 68 prior to evaporation to dryness] . A 
secondary consequence of the low current densities was that the electrode was po larized 
in the vicinity of the region for the onset of "positive feedback" for most of the 
experiment duration [see Fig. A.2] .  The use of such condi tions is known to l imit  the rates 
of excess enthalpy generation, and, in the l imit, may destroy the phenomenon (6),(7) [see 
Footnote C.65 ] .  

The major unexpected difference for this Pd-B e lectrode has been the observation of the 
development of "positive feedback" at a \'ery early stage of the experiments [Day 3 ] ,  at a 
low current density and at a low temperature. It is obviously very important to establ ish 
whether this early establ ishment of "posi tive feed back" is a property of Pd-B al loys [the 
one used in thi s  study] or whether some other factor i s  involved. The marked increase in 
the rate of excess enthalpy generation at temperatures approaching the boi l ing point is 
probably due to non-uniform charging [see Footnote C.66] 

A major feature of the investigation of "Heat-after-Death" in the experiment is the 
demonstrati'on that the rates of excess entha lpy generation before and after the onset of 
the phenomenon are probably identical . Such an identity would be expected if  excess 
enthalpy generation takes pl ace in the bulk of the electrode, but these effects clearly 
require further investigation. It is a lso apparent that these processes relax with a 
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diffusiona l re laxation time and prolonged ma intenance of the effects evident ly requires 
specia l cond it ions (26) [increase of the temperature of the heat sin ks] .  Results for Day 25 
and Day 26 shown in Figure A-25 a lso indicate new comp lications in the establishment 
of "Heat-a fter-Death " and/or "Positive Feed back" .  

This investigation of this Pd-B experiment has demonst rated yet a gain that certain 
methods of data evaluation are unsound and/or inaccurate or i mprecise [co mpare e . g. 
(4),(5).(6).(7),( 1 3),( 1 4)] . Furthermore ,  it is essentia l to avoid the effects of "positive feedback" 
as it is i mpossi b le in general to cali brate closed loop systems su bject to such feed back. 
Ca librations can only be achieved if the effects are not too marked, as has been the case 
for Day 3 of this study . Unfortunate ly.  it is a lmost certain that the investigations car ried 
out by NHE have re lied precise ly on such unsound and inaccurate methods of ca libration 
and the effects of "positive feedback" have been ignored .  However, this neg lect is 
probab ly quite genera l and, no doubt . accounts for many of the contradictory resu lts in 
this f ie ld of research. It should be noted that much of the point less controversy in this 
fie ld could have been avoided if it had been possib le to rep lace the ICARUS 1 - 3 
Ca lori meters , Fi g. A. I ,  by the ICARUS-4 version [ later reclassified as the ICARUS- 1 4  
Ca lori meter] Fig .  A .27. Whi le it is not certain that this pa rt icu lar redesign wou ld have 
e liminated the weak time-dependence of the heat t rans fer  coe fficients observed with the 
ICARUS- I Ca lorimeter, it is li ke ly that this wou ld have been t rue and that these systems 
coul d  have been deve loped so that a ll measu rements cou ld  have been eva luated with a 
sing le ,  predetermined va lue of the "t rue heat transfer coefficient ". Fina l ly ,  it is i mportant 
to note that it has been possible to achieve : 

(vi) a sat isfactory interpretat ion of evaporation to dryness [Day 68] 
This interpretation has had to take into account: the actua l barometric pressure , the 
chan ge of the boi ling point of the so lution with increasing e lectro lyte concentration , 
[saturation of the e lect ro lyte - not discussed in the present Report ] ,  cha nges in the re fl ux 
ratio [see Footnote C .67] . However, prolonged investigations of boi ling condit ions ( 1 7).(27) 

wil l clear ly require the design and app l ication of dual ca lorimeters such as the ICARUS-9 
version ( 1 7).(27) . I t  is also important to determine whether the ma rked increase of the rates 
of excess entha lpy generation at temperatures nea r the boilin g point are depen dent on the 
estab lishment of boi lin g condit ions or are simp ly due to the increase in temperature . 
While it is certain ly desira ble to deve lop pressurized systems to increase the boi lin g 
point , si gnificant increases in the boi lin g point cou ld a lso be achieved by usin g 
concentrated e lectro lyte so lutions . The use of such e lect rolytes would a l low the extension 
of the range of app lica bility of the ICARUS- I  Ca lorimeters . 

Fina l ly ,  we can note that the interpretation o f  this experiment gives a good i l lustration o f  
the need to evaluate a l l  such measurements as indivi dual "Case Histories ": the state of 
deve lop ment of research in this field in 1 993 [when the first IC ARUS System was 
constructed] was certainly not at the point at which such inte rp retations cou l d  be carried 
out as a matter of routine . Further more , the inst rumentation a lso requi red  a nu mber of 
additiona l deve lop ments to faci litate any such attempts at routine eva luations. The 
ICARUS- 1 4  System [then described with the la be l  ICARUS-4] was to be the next step 
but , as has already been noted, this modi fication cou ld not be accomplished . 
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8.1 Introduction 

Section B 

This Section contains comments on the model ing of the Isoperibol ic Calorimeters used in  
the I C A RUS- J and -2  Systems leading to the definition of  a number of versions o f  the 
heat transfer coefficient, which we have found useful in our investigations [these heat 
transfer coefficients define the behavior of the calorimetric systems] . The content of  this 
Sect ion is based on I tems 1 6  - 1 8  of an earlier Document ( 1 3 ) [see Footnote C . 6] and 
which should be read in  conjunction with the present Report. The earlier Document ( 1 3 ) 
also contained examples of data evaluations using both simulated data and results for 
" blank" experiments [with Pt-cathodes; compare ( 14 )] .  These i llustrations ( 1 3 ) demonstrated 
the reasons and val idity of the choice of the restricted set of heat trans fer coefficients 
specified for the appl ication of the ICARUS- I Methodology ( 1 2). 

B.2 Modeling of the Calorimeters 

I t  has been established that at low to intermediate cell temperatures [say 30° <S< 80°C] 
the behavior of the calorimeters is modeled adequately by the d ifferential equation: 

CpM (dlle/dt) 

change i n  the 
enthalpy content 
of the calorimeter 

cal ibration pulse 

t ime dependent 
heat transfer 
coefficient. 

= [Ecel1( t)-Ethermoneutral,bath] I 

enthalpy input 
due to 
electrolysis 

+ Qr{t) 

rate of excess 
enthalpy 
generation 

rate of enthalpy removal by the gas stream with 
Etherlllon�lltral referred to the bath temperature 

effect of 
radiation 

effect of  
conduction 

(B.  I ) 

With the calorimeters supplied with the ICARUS Systems, the conductive contribution to 
heat transfer was very small .  In  fact, if this term was " lumped" into the radiative term by 
allowing for a small increase in the radiative heat transfer coefficient: 

Radiative heat transfer = (kR'O) [  l -yt] [(Sbath +llS)4 -S\ath ] (B .2) 

then, the values of the "pseudo-radiative" heat transfer coefficient derived, (kR'O) )[ I -yt] , 
were cl ose to those calculated from the Stefan-Bol tzmann coefficient and the radiative 
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surface area [typical v alues 0 .72 x 1 0-9 WK-4 « kR'o) [ I -yt]<0.76 x 1 0-9 WK-4] .  However, 

for the Cel l  NO.38 used in th is experiment this  "pseudo-radiative" heat transfer coefficient 
is found to be � 0 . 8 5  x 1 0-9 WK-4 so that the conductive contribution was evidently 
increased .  We have to assume that this increase in  the heat transfer coefficient must have 
been due to a "softening" of the vacuum in the Dewar calorimeters whi le  s itt ing in the 
laboratory for several years. 

An i ncrease in the "pseudo-rad iative" heat transfer coefficient can normal ly only be 
observed if the cel l s  are "overfil led"  with 020 during the periodic repl en ishment of the 
cel l s .  This "overfi l l i ng" of the cel l s  leads to the approach of the electrolyte level to the 
base of the Kel-F p lug seal ing the cel ls thereby increas ing the conductive losses through 
the top of the cel l .  This effect leads to a 4 - 5% increase in the "pseudo-radiative" heat 
transfer coefficient as possibly observed in the results for Oay 6 1  of thi s  experiment [see 
F igure A.20, Section A .5  and Footnote 0.4]. 

If the time dependence of the heat transfer coefficient is  not inc luded  expl icit ly In 
equation (8.2) then :  

Radiative heat transfer = (kR') [(ebath+�e)4-e\ath ] (8 .3)  

where the radiative heat transfer coefficient (kR') now shows a weak time-dependence. 

I n  calcul ating the rate of enthalpy removal by the gas stream 

(3I14F) [P/{ P* -P} ] [(CP.Dp,g - CP.DpJ) �e + L] (8.4) 

we have always assumed that the partial pressure of 020 [or H20] in this gas stream can 
be calculated using the Clausius-Clapeyron equation with the l atent heat of evaporation, 

L, being that at the boi l ing point. Evaporative cool ing only becomes an important term 
at temperatures c l ose to the bo i l ing point [say, at �e > 70°C] where these two 

assumptions are just ified. At low to intermed iate temperatures, �Hevap(t) i s  a minor 

correction tenn so that errors due to the two assumptions introduce second order smal l 
quantit ies. I n  part i cul ar the errors introduced by neglect of the temperature dependence 
of the l atent enthalpy of evaporation are < 0. 1 % under al l conditions of operation of the 
ce l l s .  I t  i s  also important to bear i n  m ind  that such errors are further reduced for al l 
evaluations of the "true" heat transfer coefficients as these eval uations are based on 
d i fferences in temperature induced by the cal i bration pul ses [or on d i fferences in 
temperature induced by "topping" up of the cel l s  or perturbations of the current dens ity : 
such methods of calibration are not considered in  this Report] . 

However, equation ( 8.4) does not give the rates of enthalpy loss tabul ated in the (kR') " 
spreadsheets provided by the NHE analyses .  The parameters required for this calculation 
were contained in data fi les of the ICARUS- I and I CARUS-2 software and were 
identical for both systems. The val ues instal led in the programs as suppl ied were [see 
Footnote e .8] : 
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Cr.D20, 1 
CP,D20,g 

8boil ing 
F 
R 
L 

p * 

= 84.349 J Morl K-
I 

= 34.27 J Morl K- I 
= 374.570 K 
= 96484.56 C Mole- I 

= 8.3 1 44 1 0  J Mole- I K- I 
= 4 1 ,672.600 J Mole- I 

= 1 .003 Ats 

The Handbooks ( I  ),(2) conta ined specific instructions that some of  these para meters would 
need to be changed [here 8boi l ing and P*, see below] as well as instructions as to how such 

chang es in the parameter l ist ing were to be carried out. However, it appears that  values 
o f  the rates o f  evaporative enthalpy loss close to those g iven in the NHE analyses may be 
calculated for low to intermed iate temperatures us ing the para meter l ist ing suppl ied w ith 
the instru ments , i . e .  the changes requ ired were not made .  [ It also appears tha t  the latent 
enthalpy of evapora tion was not corrected for changes in temperature] . The consequen t  
errors a re suffic iently small that they do not inval idate the ana lyses . However, the values 
o f  the rates o f  evaporative enthalpy loss conta ined in the (h') I I  spreadsheets o f  the NHE 
a na lyses for temp eratures close to the bo il ing po in t  cannot be calculated wi th any values 
o f  the para meters close to those conta ined in the l ist ing suppl ied w ith the instru ments . 
Th is matter has not been investigated further as i t  is in any event necessary to make three 
further changes if exp eriment cycles close to the boil ing po int are to be evaluated [see 
Footnote C.9] .  

The first o f  these changes is the adjustment of  the bo il ing point to the value which appl ies 
to the ambient atmospheric pressure. I t  should be noted that the ICARUS-2 System was 
supplied w ith the means for the continuous record ing of  the barometric p ressure, but th is 
fac il ity was eviden tly d isa bled follow ing th e ins talla tion o f  th e sys tem a t  the NHE 
laboratory .  The va lues o f  p *  wh ich , have been used in the present interp reta tion , ha ve 
been o bta ined from the Sapporo Airport [ thanks to Professor Akito Takahash i o f  Osa ka 
Un ivers i ty ] ,  and i t  has been assu med that the sa me values apply to the exp erimen ts 
carried out in the NHE La borato ry .  Furthermore, it has been assumed that the pressure 
in the cell is the same as the ambient pressure although it may well be that the p ressure in 
the cel l  was somewhat h igher than th is value.  

Th e second change is that it is necessa ry to take note of  th e fact tha t th e bo il ing po int  
corresponds to that o f  the electrolyte solution in th e cell .  I t  has been assu med that th is 
correc tion is g iven by that for an ideal solu tion 

�8boi l ing poinl = (RIL )(8 boiling poinl)
2 

In X I (3 .5) 

where X I is the mole fraction of  the 020 in the e lectroly te . It w il l  be eviden t  that th is 
correction becomes especially important on Day 68 when the cell contents a re d riven to 
dryness . In that  case the bo il ing point must be adjusted at  each measuremen t  interval as 
the 020 content o f  the cell decreases . The values of the bo il ing po ints appropria te for 
the interpreta tion o f  the experimental data for Day 68 are d iscussed in Section A .7.  
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The third change again applies specifically to Day 68, namely, an al lowance for the effect 
of reflux in the cel l .  In order to evaluate the effects of reflux we need to take note of the 
fact that the vapor space in the cel l  is fil led predominantly by 020 as the cel l  is driven to 
dryness. Thus, even at the start of Day 68 the mole fraction of 020 in the vapor space 
was � 0.85  for this experiment. In consequence, heat transfer from the vapor phase to 
the wall s  of the Dewar [to provide the enthalpy input required by radiation across the 
vacuum gap] was dominantly from the 020 content of the vapor. We also need to take 
note of the fact that the contribution to the heat capaci tance of the vapor phase in the 
vicinity of the boi l ing point due to the 020 content of this phase is 

-d(LP/P*)/d�9 =L 
2
/R(9boiling poinl)

2 exp[ -L�9/R(9boiling poinl)
2
] (8.6) 

where �e is the temperature displacement from the boil ing point. This heat capacitance is 
� 67 times l arger than that of an equivalent gas space filled with oxygen and hydrogen 
and therefore � 3 80 times l arger than the heat capacitance due to these gases for the 
actual working conditions at the start of day 68. 

This marked increase in the heat capacitance of the part of the cell fil led with gas and 
020 vapor has two consequences. In the first place, the heat transfer across the vacuum 
gap must be maintained at the same value as that which appl ies to the l iquid phase [see 
Footnote C. I 0] .  Secondly, the radiative output across the section of the Dewar cel ls  
fi l led with vapor must be balanced by the condensation of an amount of vapor sufficient 
to supply the radiative enthalpy. A first approximation for the reflux in the cel l is  
therefore, 

(B .7) 

where L1M is amount of 020 evaporated in each measurement interval L1t. 

Equation (8.7) will be an upper limit for this extent of reflux since we are neglecting the 
heat transfer to the walls by the deuterium and oxygen in the gas space as well as the 
effects of the re-heating of thi s gas space by the l iquid in the lower section of the 
calorimeter [see Footnotes C. I I ,  0.5 ,  E.2] .  

I t  wi l l  be evident that analyses based on the use of equations (8 A) - (B.7) can only be 
approximations for a number of reasons in addi tion to those which have been delineated . 
Two of the most obvious deficiencies are the use of "d i lute solution theory" in the 
interpretation and the neglect of hydrostatic pressure on the boi ling points used in the 
Clausius-Clapeyron equation. It fol lows, therefore, that a part of the analyses of the " raw 
data" for the episodes of cel ls  being driven to dryness should be based on assumptions 
which are independent of the use of equations (BA) - (B.7) .  These matters are considered 
further in Section A.7. 
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B.3 Definition of the Heat Transfer Coefficients Used in the ICARU S  

D a t a  Analyses. 

The heat transfer  coefficients wi l l  be described by the suffices used previously ( 1 3 )  [as 
well as in earl ier Reports and Correspondence] as defined in Section A.2 

(B.8) 

where i = 1 ,2,3 denotes "differentia l " ,  "backward integration" and " forward integration", j 
is defined at appropriate points belo\v [see also Section A.2] and I = 1 ,2 denotes " lower 
bound" and " true"  respectively [ see Footnote C. 1 2] .  

The simplest starting point is  to assume that there is  no excess enthalpy generation in the 
system i .e .  

Qr (t) = 0 (B.9) 

i n  equation (B .  I ) and to evaluate a " lower bound heat transfer coefficient" [ i . e .  a 
coefficient which assumes that the rate of  excess enthalpy generation i s  zero] at a t ime 
j ust before the end of the calibration pulse, t = h: 

(B. IO) 

This  was the first heat transfer coefficient used in  our investigations, hence the 
designation (h') I .  I t  should be noted that this designation should really be changed so as 
to be consistent with the definition (B .8) ,  but this wi l l  not be done principally because the 
definition (B. I 0) was subsequently extended to any part of  the measurement cycle, the 
coefficient being designated (kR') I I .  We should perhaps change this designation o f  
(kR') l o l  to denote 

i = I ,  differential 
j = 0, any part of the measurement cycle 
I = I ,  lower bound 

but the description (kR') 1 1 wil l  be retained as it has been used extensively in earlier reports 
and papers . 

Having obtained (kR') I I , it i s  frequently desirable to establish the I I -point averages 
(kR ' ) 1 1 so as to decrease the "noise" [see Footnote C. 1 3 , 0.6 and E .3 ] .  Such averaging 
gives � 26 independent values for measurement cycles lasting I day, or better � 52 values 
for the recommended 2-day cycles. In turn, i t  is  useful to evaluate the 6-point averages 
of ( kR ' )1 1 which have been designated as (kR ' )l l  . I t  i s  not useful  to  extend this 
averaging beyond 6 points because any such extension makes the systematic errors [due 
to the res idual decrease of (kR' ) 1 1 with time] larger than the random errors. 

The values of ( kR ' )1 1 and (kR ' ) 1 1 [and the relevant statistics] were to have been 
included in the " (kR') 1 1  - spreadsheets" but it  is  apparent that the group at N H E  did not 
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carry out these averaging procedures. 

It is apparent from equation (B- 1 0) that we need accurate values of CpM to make (kR') 1 1  
generally useful,  but it is  a lso apparent that the group at NHE retained the value of CpM 
specified in the parameter l i st ing rather than to determine the correct value and to 
substitute thi s  corrected value in the l isting [see Footnote C. 1 4] .  A first approach to the 
determination of the value of CpM for any given cell is to rearrange (8. 1 0) to the straight 
l ine form 

I .e .  
y = mx + c 

[ { Ecell(t)-Ethermollcutral,bath } I-�Hmp(t)]/ fl (8) = 

[CpM(d�8/dt)]/ fl (8) + (kR'ki .l 

(B. I 1 )  

(B, 1 2) 

and to derive then approximate values of CpM from the slopes of the plots in  regions 
where the temperature is  varying relatively rapidly with time. We can d istinguish four 
such plots designated by the relevant derived heat transfer coefficients (kR'o) l s l >  (h'0) 1 6 1 >  
(h'0) 1 7 1 and (kR'0) 1 8 1  according to whether the fitting of equation (8. 1 2) i s  carried out at 
t imes somewhat above the origin, at times somewhat above t l [the time of appl ication of 
the calibration pulse] , at times somewhat above t2 [the t ime of cessation of the cal ibration 
pulse] or by the combination of the last two time regions, see Fig. A l l ,  However, there 
is a measure of ambiguity about the interpretation of the values of (kR'o) l j. 1 derived 
which has been discussed in I tems 20 and 2 1  of ( 1 3). 

I t  should be noted that (kR'0) 1 5 1  cannot be evaluated systematica l ly for this Pd-B 
experiment because of the i rregular schedule of the addition of 020, see Section A.2 ,  

Evaluations of (kR'0) 1 6 1 >  (kR'0) 1 7 1 and (kR'o) l x l  for the important data set for Day 3 are 
markedly degraded due to the early onset of "posit ive feedback",  see Section A.3 .  The 
procedure based on equation (B . 1 2) has l imi ted precision because of the need to 
d ifferent iate the inherently "noisy" experimenta l data. It is therefore necessary to carry 
out the fitt ing procedures over extended regions of the abscissa, (dL'l8/dt)/fl (8), so that the 
data are inevitably affected by the onset of the "positive feedback" detected for the 
operation of the cell  on that day, 

In this connection it shou ld also be noted that separate investigations have shown that 
(d�8/dt) is  best estimated by using the second order central differences [ i .e .  the chords of 
the curves] . More accurate values cou ld be derived i ll principle by using higher order 
d ifferences. However, in practice, the repeated differentiation of the experimental data 
[implicit when using higher order differences] leads to an increase in "noise" if  we use 
d ifferences higher than the second order [see a l so Footnote C . I S ] .  

In  the absence o f  sufficient ly prec ise determinations of  CpM . the eval uations must 
necessarily be restricted to regions of time where the contribution of the term CpM 
(d�e/dt)/fl (e) is adequately sma i L  In that case it  is adequate to use a "guesstimate" of  
CpM. This matter [including the eva luation of a "guesstimate" of CpM] i s  considered 
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further i n  Section A . 3 .  

I t  is  next necessary t o  eval uate a "true differential heat transfer coefficient " .  The simplest 
proced ure, giving (kR'h near the end of the calibration period at time t = t 2 ,  is  obtained 
by includ ing the cal ibration pulse, �Q: 

( 8 . \ 3 ) 

where we now have 

(8. 1 4) 

[(kR')2 was the second heat transfer coefficient used in our investigations] . I n  order to 
carry out such evaluations, it is useful to construct AA or A.3 sized p lots of the " raw 
data" and then to obtain appropriate averages by using a transparent ruler. This type of  
analysis used to  be  a generally accepted approach but then fel l  into disrepute. However, 
the methodology is now again accepted giving so-cal led "robust estimates" . 

I t  may be noted that the errors in (kR'h are measures of the accuracy of  the " true heat 
transfer coefficient" as the estimates are made in terms of the known louie enthalpy input 
to the calibrat ion heater. Errors in (kR') I or (kR') \ I  are measures of the preci sion of the 
" lower bound heat transfer coefficients" as there i s  no independent cal ibration and there 
may be excess enthalpy generation in the system. I t  is important that (kR') 1 and (kR') 2 
are the least precise and least accurate coefficients, which can be obtained from the "raw 
data" . Statements that the errors are larger than this [e.g. see ( I I l] s imply show that 
mistakes have been made in the data analysis procedures and/or the execution of  the 
experiments. 

We have always insisted that the construction and eval uation of p lots of the "raw data" is 
an essential prerequi site of the more e laborate data evaluation procedures. For one thing 
it shows whether the " noise levels" in the experiments were sufficiently low to justi fy 
more deta i led evaluations and also points to malfunctions in  the exper iments. I t  a lso 
shows immediately whether the 8- t  and Eccl l-t transients have re laxed sufficiently to 
permi t  the evaluation of (kR') , and (kR'h. Furthermore, i t  gives immediate indications of 
the presence [or absence] of " positive feedback" .  As has been pointed out repeatedly, all 
cal i brat ion procedures require that the rate of excess entha lpy generat ion, QI(t), be 
constant during the cal ibration periods. These matters are considered further in  the main 
text, Section A.3 and AA [see Footnote E.5] . 

Having obtained the "true heat transfer coefficient" a t  a single point [usual ly  near the end 
of the cal ibration pu lse, t = t2] i t  is important to ask : "what i s  the true heat transfer 
coefficient, (kR ') 1 2 ,  at any other time'?" We can make such an eval uation with i n  the 
duration t l  < t < t2 of the cal ibration pulse simply by using eq uation (8 . \ 3 ) giving (kR') 1 2  
rather than (kR ')2 .  Note also that equation ( 8 . \ 3) can be  rearranged to the  straight l ine 
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form: 

(B. 1 5 ) 

which i s  applicable at times c lose to and above t l .  It is evident, therefore, that such p lots 
can also be used to obtain estimates of CpM, but the accuracy of such values is inevitably 
much lower than the precision of those obtained by the application of the corresponding 
expression for the " lower bound heat transfer coefficient, (kR'O) 1 6 1 " equation (B . 1 2) .  
Nevertheless, equation (B. 1 5) is useful because it al lows the removal of the effects of the 
water equivalent, CpM, on the "true heat transfer coeffi cient, (kR'o) 1 62 " ,  s imply by 
extrapolating to zero value of the abscissa. However, the time corresponding to this point 
will not be accessible experimentally for cal ibrations carried out with a calibration pulse 
of 6-hour duration for polarizations carried out at low cel l currents [although this t ime is 
probably close to t = t2, see Footnote C. 1 6] .  

In the regions in  which there is no application of a heater pulse i .e .  for 0 < t < t l  and t2 < t 
< T, the " true heat transfer coefficient" can only be obtained from the " heating" and 
"coo l ing curves" i . e .  the "driving force" is the change in the enthalpy content of the 
calorimeters rather that �Q. It is now sensible to cast equation (B. 1 3) in the form : 

(B . 1 6) 

I f  the system is functioning correctly, then i t  will be found that the L .H .S .  of equation 
( 8 . 1 6) is essential ly constant [although this constancy can only be probed over a short 
t ime range] .  The second term on the R.H .S .  of equation (B . 1 6) wi l l  be much smaller 
than the term on the L.H.S . ,  i .e. it is in  the nature of a correction term to give "point-by­
point" values of (kR 'O) 1 52 or (kR'O) 1 72· I t  will  be evident that the accuracy of these 
versions of the "true heat transfer coefficient" is  l imited by the accuracy of the estimates 
of CpM. This particular part of the methodology is therefore only useful to serve as a 
check on the operation of the cel ls and methods of data evaluation. Furthermore, it is not 
possible to apply equation (B . 1 6) systematically to the time region 0 < t < t l  for this 
experiment in view of the irregular schedule of addition of 020 to the cel l .  

As has been noted previously ( 1 3 ), we have been unable to  combine data in  the regions 
just above tl and t2 to give a simple equation leading to (kR'o) 1 82 . 

The assumption underlying this part of the account presented in this Report is that we 
can only determine (kR') 1 2 within the duration of the cal ibration pulse t l  < t < t2, and, 
at a lower accuracy , (h'o )152 and (kR'O)172 in regions adjacent to the origin and for times 
adjacent and above t2 respectively . However, this conclusion is incorrect. We need to 
make the additional assumption that the rate of any excess enthalpy generation i s  constant 
during any particular calibration period in order to determine (h') I 2 .  This means that we 
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can only obtain  a single value of this heat transfer coefficient per calibration period and, 
consequently, a single value of (kR') 1 2  - (kR') I I .  Two important points fol low from this 
conclusion. In  the first place, the prec ision of (kR') 1 2  must be very nearly equal to the 
precision of (kR') I I .  Secondly, and related to the first point, we see that i f  we extend the 
assumption that the rate of excess enthalpy production is  constant during the period t l  < t 
< t2 to saying that i t  is constant for the whole measurement cycle, 0 < t < T, then i t  i s  
immediately possible to  derive (h') 1 2  over the whole of  th is  cycle.  Thus, i f  the 
d i fference between the " true" and " lower bound" heat transfer coefficients can be 
establ ished at any one time [say �(kR')' at time t2] then [kR'(t)] 1 2  at any other time wi l l  be 
given by 

(B . 1 7) 

The ratio f(8)'2 / fl (8)1 is of  order unity which implies that the shift (kR ' ) 1 2  - (h') 1 1 i s  
a lways close to that at the cal ibration point .  Equation (B . 1 7) also points to a further 
i mportant conclusion. At the time of writ ing of the Handbook for the I CARUS- I 
Systems (2) we bel ieved that the preci sion of (kR' ) 1 2  [and of other versions o f  the " true 
heat transfer coefficient"] would always be given by the accuracy of that coefficient 
which i s  certainly lower than the precision of (h') 1 1  [see Footnote C . 1 7] .  Equation 
( B . 1 7) shows that is incorrect :  the preci s ion of (kR') 1 2  is  very nearly equal to the 
precision of (kR ') l l . I t  fol lows that changes in the rates of excess enthalpy production 
can be establ ished at the same level of precision as that of (h') I I . The same comments 
apply to the precision of the "true heat transfer coefficient, (h')n " relative to that of the 
" lower bound heat transfer coefficient, (h')n " which is  discussed below. In consequence, 
the c h anges in the rates of excess enthalpy production can be establ ished with relative 
errors < 0.0 1 %, and these errors determine the level of  significance with which such 
changes can be discussed. Of course, the accuracy of the " true heat transfer coefficients" 
remains determined by the errors of differences such as that of (kR') 1 2  - (kR') I I .  

I t  is  important here to stress once again that any attempt to calculate the variation of rates 
of excess enthalpy generation within the measurement cycles must also pay due regard to 
the fact that it is not possible to cal ibrate the systems i f  the rate of excess entha lpy 
generation varies with time. I t  is also important that this comment applies equally to any 
calorimetric system which we might wish to use. If the rate of excess enthalpy generation 
does, in  fact, vary with time, then �(kR') must be derived from separate experiments. This 
is  the situation, which appl ies to the experiment as is  discussed in Section A .3  and A.4.  
The comments made i n  this part of Sect ion B .3  should be read in conj unction with ( 1 3 ) . 

The discussion of the accuracy of "true heat transfer coefficients" versus the precision o f  
the " lower bound heat transfer coefficients" prompted o u r  search for methods, which 
would increase both the precision and accuracy . The reason for the l imited precision o f  
(kR') 1 1  and accuracy of (kR ' ) 1 2  is  mai n ly d ue t o  the need t o  d ifferentiate " no isy"  
experimental data sets in  order to  derive CpM(d�8/dt) [see Footnotes C . 1 8  and 0.8] . 

I f  we wish to avoid the numerical differentiation of the experimental data sets, then we 
can re ly i nstead on the numerical integrations of  these data and compare these to the 
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i ntegrals  of  the differential equation representing the model of  the calorimeters. For the 
backward integrals starting from the end of the measurement cycles at t = T we obtain 

I J net enthalpy input('t)d't CpM[ �8(t) - �8(T)] 
( k� )2 1  = -'-.

T
---1 ------

J fl (8)d't 
T 

while the corresponding equation 
measurement cycle is 

I J net enthalpy input('t)d't 
( k� )3 1  = 0 I J fl (8)d't 

o 

I J fl (8)d't 
T 

for forward integration 

(B . 1 8) 

from the start o f  the 

(B. 1 9) 

Here, the suffices 2 1  and 3 1  denote respectively "backward integration, lower bound" and 
" forward integration, lower bound" .  (kR'b and (h'b are the corresponding integral 
heat transfer coefficients defined at time t .  

We have to take note of the fact that care i s  needed when integrating the terms fl (8) and 
[net enthalpy input ('t)] around the discontinuities at t = tl and t = t2 [also the times t = 0 
and t = T i f  the range of the integrations is extended].  The trapezium rule, S impson's rule 
or the mid-point rule has been used at various times to carry out the integrations. Of  these 
rules, only the mid-point rule i s  strictly speaking correct in that it  agrees with the 
m athematical definition of an integral. I t  i s  quite general ly assumed that integrations 
carried out using the trapezium or Simpson's rule will converge onto the "correct" 
algebraic result  if the integration interval i s  made adequately small ,  but this does not 
necessarily fol low. This is a matter which needs to be investigated for each particular 
case. 

I t may be noted that the only straightforward way in which we can integrate around the 
discontinuities at t = t l and t = t2 is by means of the trapezium rule, and this is the method 
which has been used in the recalculations presented in the this Report. I f  the times o f  
appl ication and cessation o f  the heater calibration pulses correspond exactly t o  t l and t2, 
respectively, then we can carry out the integrations around the discontinuities by inserting 
extra data points at these times. It appears that the data sets in this experiment satisfy this 
criterion, although this is not general ly true for a l l  experiments carried out with the 
I CARUS-2 system;  lack of synchronization of the cal ibration pulses with t l and t2 
appeared to be generally true for measurements with the I CARUS - 1  systems .  In  that 
case, it  is necessary to determine these times separately [this can be done adequately from 
the e - t plots] so as to establish the integration intervals, and i t  is  then necessary to insert 
4 additional data points. 

The evaluations o f (kR'b and (k')n [see below] and of (kR')3 1 and (kR')32 [see also be low] 
were to have been carried out using (kR ' )2 1 and (kR')3 1 spreadsheets produced by the 
software. As we have never had access to these spreadsheets [if, in fact, they were ever 
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produced] , we cannot now establ i sh whether the integrations around the discontinuities 
were carried out correctly, al though we believe that they must have been in error. In any 
event, a l l  the i ntegrations used in the evaluat ions described in this Report have been 
carried out using the " raw data" .  

The adequacy [or inadequacy] of  the part icular integrat ion procedures coupled to  the 
adequacy of the chosen integration interval is revealed more clearly when we come to the 
use of equations (B . 1 8) and (8. 1 9) to determine CpM and to carry out extrapolations to 
remove the e ffects of the second term on the R . H . S .  of these equations on the 
corresponding heat transfer coefficients. The procedure set out in the Handbook for the 
I CA RUS- l System (2) restricted the integrations to the t ime region of the appl ication of 
the heater cal ibration pulse. For backward integration we obtain (B .20) 

t 
f net enthalpy inputCt)d-r 

t 2 
C M[�8(t ) - �8( t 2 ) ] , 

P t + ( k R O)26 1 
f fI (8)d-r 
t 2 

whi le  for forward integration, we obtain 

t 
f net enthalpy input( -r)d-r 

C M[�8( t) - �9( t I ) ] p + (k' 0) t R 36 1 
I f! (9)ch 

I I  

(B.20) 

(8 .21 )  

I t  has been found [e .g .  see references 3 ,  4, 5 and 1 3 ] that equation (B .20) can be  used to 
derive accurate values of CpM while there is some minor degradation when using forward 
integration, equation (8.2 1 ) . The appli cat ion of equation (B .20) to the data sets was the 
"target methodology" of the I CARUS Systems [e .g .  see (2)] and the derived " lower bound 
heat transfer coefficient, (h'o h61 "  was described as (kR'h I in  the Handbook and the 
associated correspondence . We have since then used the more extended descript ion, 
(kR'o )26 ) ,  to denote the fact that with j = 6, we are carrying out the evaluat ion i n  the t ime 
region t l  < t < t2 . The same types of eva luation may be used to derive (kR'ohs l ,  ( kR'O)271 
and (kR 'O)28 1  as wel l  as (kR 'O)3 S I ' (kR'O)371 and (kR'ohs l .  It is only necessary to start the 
integrat ions from the appropriate times, which also give the starting values of 8 for the 
R .H .S .  of the relevant equations. Of these sets of estimates, that leading to (kR 'O)28 1 i s  
especia l ly  useful and this particular fi t  also gives good est imates o f  CpM .  However, i t  
should b e  noted that i t  is necessary to lise care in  applying these procedures t o  the data 
for Day 3 of this experiment because of the early onset of "posit'ive feedback" see Section 
A .3 .  

I n  order to obtain the  "true heat transfer coefficients" i t  is necessary to combine the 

37 



i ntegrals of  the enthalpy inputs in equations (B .20) and (B.2 1 )  with thermal balances 
made at one or a series of points . This can be done in a number of ways, and i t  is 
important that this part of the evaluation (2) was changed in the summer of 1 994 following 
the receipt of the first two sets of  data col lected by NHE (3).(4). Attention wi l l  be confined 
here to the procedure origina l ly suggested in the Handbook for the I CARUS- l System (2) 
[see Footnote C. 1 9] .  We make a thermal balance just before the app l ication of the 
cal ibration pulse and, i f  the system has relaxed adequately and dB/dt = 0, then we 
consider (kR')32 . 

0 =  [Net enthalpy input (t l)] [t- t J ]  + Qr [t- t l ]  -

(B .22) 

The combination of this equation with equation (B. 1 9) el iminates the unknown rate of 
excess enthalpy generation. We obtain 

t 
J net enthalpy inputCt)dt -[ net enthalpy i nput( t I )][ t - t 1 ] 

(kR )32 = �
t

l-------t --------­
J f2 (8)d1 
t 1 

CpM[.18(t) - .18(t l )] 
t 
J f2 (8)d1 t 1 

(B.23) 

The corresponding equation for (kR')22 fol lows from equation (B.23) on replacing t l  by 
t2 [see equation (8 .24) below]. 

We note again that the group at N HE did not fol low the instruction in the ICARUS- I 
Handbook (2) to use measurement cycles of 2-day duration and, for the reduced t ime 
scales of I -day cycles in  particular, i t  is necessary to include the term CpM (dL\B/dt) in the 
thermal  balances, equation (B.22). However, the team at N H E  continued to use the 
original form of the equation [see Footnote C.20) . I t  also appears that N H E  did not 
fol low the instruction (2) to evaluate (kR'h2 at times close to t2 . This matter is discussed 
further in Section AA.  

It is convenient a lso to  rewrite the derived equation for (kR'b in the "straight l i ne form" .  

t 
f net enthalpy input('r)d-r - [ net enthalpy i nput( t 2 )][ t - t2 ] 

t 2  
t 
J f2 (8)d-r 

t2 
C pM [  �8( t)  - �8( t 2 )] . 

t + ( k R 0 ) 262 J f
2 

(8)d-r 
t 2 
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(kR')22 and (kR'O h62 were the versions of the "true heat transfer coefficient" which we used 
in our investigations prior to the construction of the ICARUS- I System. As we did not 
wish to d iscuss the d i fferences between (kR'b, (kf{ 'O)362, (kR'}n and (kR'O)262 and, as we 
expected (kR'»)2 to converge onto (kR ' )n for the specified 2-day measurement cycles 
[wi th in  the error l i m its spec i fied for the ICARUS- \ System] we a lso labeled (kR ').12 a s  
(kR')22 [see Footnote C .2 1 ] .  

I t  should be  noted that the extrapolation (B .24) automatical ly removes the  effect o f  the 
( 

term CpM [8(t) - 8(t2)]/ f f2(8)d-c on the " true heat transfer coefficient". This appl i cat ion 

of equation (B .24 ) [and of (kR')n evaluated close to the mid-point t = t2]  was one of the 
maj or objectives for our methodology because CpM i s  the least accurate parameter in the 
analysis .  

Whi le  i t  i s  also possible to write equation (B .23)  in  the form (B .24) to give (kR'o)362, th is  
method of analys is  i s  not usefu l  as the range of the extrapolation required i s  too long (

2) 

[see a lso ( 1 3 )] .  For th is  reason i t  was recommended in  the I CARUS- I Handbook (2) that 
(kR')32 should be evaluated at t imes close to t = t2 lls ing values of CpM determined from 
appl ications of equation (B .2 1 ) . However, in  view of the errors i n  the determination of 
CpM, these values o f  (kR')32 are inevitably less accurate than those of (h')22 or (kR'O )262 
[see a lso Section AA] . 

We note also that care must be taken in  carrying out the required l inear regression fi tting 
procedures as is i l lustrated in Section AA [see references 4, 5 and 1 3 ] .  

W e  should observe, furthermore, that equat ion (B .24) i s  sound ly based [ i n  a 

mathematical sense] i n  that the extrapolation to [.6.8(t) - .6..8 (t2)] = ° gives the value of 

(kR'O h62 a t  a wel l  defined time, t = t2 . This is equa l ly true of a l l  of the coefficients based 
on " forward" or " backward" in tegrat ion;  however, the start ing points for these 
integrat ions wil l  usual ly be chosen to be t = 0, t = t 1 or t = T, and the definition of the heat 
transfer coefficients at these points is not genera l ly usefu l .  The exception  here is the 
" lower bound heat transfer coefficient, (kR'O )26 1 "  which i s  a lso defi ned at t ime t = t2 . 
We observe also that (kR'O)26 1 and (kR'oh62 are the most precise and accurate values of 
the " lower bound"  and "true heat transfer coefficients" which can be derived with the 
methodology as presently developed . Furthermore, 

(B.25)  

so that  the best value of .6.(kR')t that can be obtained for lise in  equation (8. 1 7) is 

(B .25A) 

This "sound basis"  o f  the heat transfer coefficients derived by "forward" and "backward 
integration" shou ld  be contrasted with the corresponding posit ion for the "d i fferent ia l  
heat transfer coefficients" which has been discussed above. 
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I n  the fi nal  part o f  this  Section, we need to consider somewhat further the t ime­
dependence of the various forms of the heat transfer coefficient [compare (4 ),(5).( 1 3 ),( 1 4 )] . 
We observe first of  al l  that we are interpreting here the systematic variations of typically 
0.4% of the d i fferential or 0.2% of the integral coefficients. The only reason why we are 
able to i nvestigate systematic variations of such small quantit ies i s  the very h i gh 
precis ion of the methods of data evaluation. 

We observe secondly, that as the d ifferential  coeffic ients are evaluated at local t imes, 
they wi l l  show the weak time dependence: 

(8 .26) 

[c.r equations (B .2) and (8.3)] .  In the definition of the integral heat transfer coefficients 
given in this Section, (h') has been regarded as being constant whereas the i nvestigation 
of the d ifferential heat transfer coefficients shows that we should real ly include the t ime­
dependence, equat ion (B.26), i .e .  we must u se equation (B.2) in  the i n tegrat ions .  
Integration of this equation gives 

(B .27) 

I f  we now regard fJ (8) as being constant throughout the measurement cycle [which is a 

rough approximation for the case of the " lower bound heat transfer coefficients"] then the 
i ntegral becomes 

(B.28) 

I t  fol lows that the heat transfer coefficients given by equations (B. 1 8) and (8 . 1 9) are 
given by 

(B.29) 

and 

(8 .30) 

within the l imits of  the approximation. (kR'O b and (kR'O )3 1 are respectively the values of 
(kR'h l at t = T and of (kR'b at t = O. It fol lows that the slopes of the p lots of  (kR')2 1 and 
(kR')3 1 versus time are roughly one half of the p lot  of  (kR') \ I  versus time. 

Equation (B .27) also shows the way in wh ich we can test whether the characteristics o f  
the Dewar cells can b e  described by a single, t ime-independent heat transfer coefficient .  
Thus evaluat ion o f  (kR ')2 \  according to equation (B . 1 8) gives l iS  the heat transfer  
coefficient 

" I I I 
(kR )2 1 = ( k Ro)2 1 [ I - yt  + yf f f, (8)d-rd'r/ f f, (8 )dT] 

T T T 
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so that the "time-independent heat transfer coefficient, (kR'o b "  is readi l y  determined . 
The fact that heat transfer from the cel l s  can be represented by such a single t ime­
independent heat transfer coefficient has been demonstrated several t imes [e .g .  see Fig.  
5 1  of reference 1 3 ] .  Indeed, such representations are the bas i s of our statement that the 
" integral lower bound heat transfer coefficients " can be determined with a precision given 
by relative errors of less than 0.0 1 %  [see Footnote C22] . 

The variations of ( kR') I I ,  (kR'b and (kR 'h l  with time show that th is time dependence of 
the heat transfer coefficients must be taken into account in eval uations of the rates of 
excess enthal py generation aiming at the h ighest ach ievable accuracy. If this  is not done, 
then the values of the heat transfer coefficients at the mid-points t = h, should be used. 
In that case the val ues of the rates of excess enthal py generation calcul ated wi l l  be 
sl ightl y too small for t < h and sl ight ly too large for t > t2 . However, the total excess 
enthal py cal cul ated for a compl ete measurement cycle will be approximately correct [see 
Footnote C23] .  We must also note that the differential heat transfer coeffic i ent, (kR') 1 2, 
must be used in the eval uations of the rates of excess enthal py generation and the integral 
heat transfer coefficients in the evaluation of the excess enthalpy [includ ing the total 
excess enthal py for complete measurement cycles ] .  In particular, the use of (kR'b in the 
evaluation of the rates of excess enthal py generat ion, wi l l  underestimate these quantities 
[see Footnote C24] . 

B.4 The Specification of the ICARUS-l Data Evalu ation Proced u res a nd 
Experi men tal Protocols 

The mode l ing of the ICARUS- l Type Calorimeters, Fig. A. I has been invest igated 
repeatedly by means of the eval uation of data sets for appropriate "b lank experiments " 
[using in the main Pt-cathodes pol arized in  D20-based electrolytes ] .  The objective here 
has been the definition of the appropriate " instrument function" .  It has been found that 
this can be accurately defined by equation (8 . 1 ) . 

The next step in this init ial phase of the work has been the defin ition of a set of heat 
transfer coe ffic ients. which characterize the behav ior of the cal orime ters and the 
investigation of their  precis ion and accuracy leading up to their use in eval uating the "raw 
data sets " of the experimental measurement cycles .  The " raw data" used in these 
investigations have been both those for the appropriate "blank experiments " and those 
generated by s im u lat ions of the ce l l  behav ior. An i l l ustration of this phase of the 
investigation has been given (

1 3 ) [see al so references 4, 5 . 9, 1 0, and 1 4 ] .  

The outcome o f  these investigations has been the de monstrat ion that i t  i s  usefu l  to 
determ ine first of all the time-dependence of the "differential lower bound heat transfer 

coefficient. (kR') 1 I  ", as wel l  as of the derived means. (k, ' ) 1 1  and (kR  ' ) ] 1 .  However, 

these coeffic ients have a l im i ted precis ion because their  eval uation requires the 
differentiation of the inherentl y "noisy"  experimental data. Precise and accurate 
evaluations are therefore best based on the " integral lower bound heat transfer coefficient, 
(kR')2 1 " and the " integral true heat transfer coefficient. (kR ')n " as wel l as on the values 
(kR'0)25 1 and (kR'O)m derived in the extrapol ation proced ures . These extrapolation 
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procedures lead both to the e l imination of the effects of the water equivalent, CpM, o n  
the ir  values a s  wel l  a s  to reasonably accurate determinations o f  CpM. The d ifferences 
between the " true" and " lower bound heat transfer coefficients" , (kR')22 - (kR " ) 1 1  or 
( kR'oh52 - ( kR'O)25 1 can then be used to de fi ne the " d i ffere nt ia l  true heat transfer  
coefficient, (kR') 1 2 " . 

I t has been found that the precision and accuracy of the i ntegral heat transfer coefficients 
is so h igh, that it is possible to investigate thei r systematic vari ations with time [typically 
the systematic variations of j ust � 0 . 2% of the ir numerical values] . Furthermore, i t  is  
possible  to reduce such data to a si ngle, time independent heat transfer coefficient,  e.g.  of 
(kR 'O)2 1 with relative errors below 0 .0 ] %. This result  is  hard ly surpris ing:  the "physics" 
of the calorimeters are qu ite simple [they are " ideal wel l -st irred tanks"]  and the errors are 
mainly those set by the temperature measurements. It is  also relative ly  straightforward to 
spec i fy the changes, which wou ld need to be made to reduce the errors further - say to 
0.00 I % - i r that should ever prove to be necessary or desirable. 

A l though the p recision and accuracy of the heat transfer coefficients based on the 
" forward " integration procedures, (kR')3 1 and (kR '))2 ,  was known to be lower than those 
based on the " backward" i ntegrations, (kR 'b and (kR 'b,  the lCARU S- 1 Methodology 
was nevertheless based on such " forward" integrations ( 2) because such " forward " 
i ntegration was easier to imp lement and to combine with the eva luations of the d ata sets. 
It was anticipated that the extension of the measurement cycles from 1 to 2 days and, i n  
particu lar o f  the cal ibration periods from 6 t o  1 2  hours, woul d  allow the determination of 
(kR') 3 1 and (kR')32 with the required and specified precisi ons and accuracies (

2 ). These 
changes in the measurement cycles were a lso expected to fac i l i tate other parts of the 
i nvestigation such as the determ ination of the "true heat transfer coefficient (h')/. The 
production of p lots of the " raw data" and the inspect ion of these plots leading to the 
graphical evaluation of (kR' )  I and (kR')2 were to be the fi rst step in the data processing. 

U n fortunate ly,  the protoco ls l a i d  down in the Handbook for the I CA RU S - I System (2) 
were not fo l l owed in the experi ments carried out by the team at NHE [see Footnote 
C . 2 5 ] .  Furthermore, fol lowing the rece ipt of the first set of data for experi ments carried 
out in the S apporo Laboratories, it became clear that there were t iming errors in the 
ICARUS- \ System (3 ) .  These tim ing errors did not affect the determ ination of (kR')2 1 and 
( k R')n [see Footnote C . 2 6 ] .  It  was therefore recommended (3) that the protocol set down 
in  the Hand book ( 2 ) be strictly adhered to, that the pre l iminary eva l uations should  be 
based 011 (k !{ ') I ,  (k l{ ')2  and ( k R ' ) 1 1 and that the fi na l evaluation shou l d  be based on (k R')2 1 , 
(kR 'b, ( kl{ 'ob l and (kR 'ob2. I t  i s  evident that these inst ructions were ignored.  

The development of the various aspects of the data analysi s described i n  the sub-Section 
B.4 is  i ll ustrated i n  part by the analysis of the experiment described i n  Section A . 4 .  
I nevitably.  t h i s  i ll ustration i s  i ncomplete because of  the very ear l y  development of 
" positive feedback" in this experiment. 
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Section C 

As i s  expla ined in  the main text, Section A, Section C contains a set of footnotes and 
Comments which should be read in association with the main text. 

c . l .  I t  i s  i m portant to understand that the I CARUS I Sy stem (2) [completed i n  
December 1 993]  used a Keithley 1 99 scann ing OMM unit and that th is  system 
i ntroduced t iming shifts into the data acquisi t ion processes [the wel l -known 
mult iuser-mult i tasking problem associated with the use of PC's] . This appl ies 
equa l l y  to a l l  other experiments carried out before � I st January 1 995 .  These 
t iming errors did not affect evaluations based on (kR') I ,  (kR')2, (kR') 1 1  or (kR') 1 2 but 
had to be taken into account in some evaluations at higher levels of precis ion and 
accuracy based on (kR'b and (k){ ' )n ;  they were especia l ly i mportant i n  the 
eva luations of  (kR ')3 1 and (kR ')J2 as was explained especia l ly  in three reports 
(3 ).(4).(5) [for the definition and use of these heat transfer coefficients, see Sections 
A and B ] .  

There is  also extensive further correspondence dea l ing with the analyses o f  Data 
Sets col lected with the ICARUS- J and 2 Systems. However, the three reports 
(3).(4),(5) are sufficient to exp lain the reasons for the choices of the methodologies. 

C .2  The two Reports (3).(4) were sent in the first place to  Technova [see also Footnote 
0 .2] . 

C . 3 .  I t  should be noted that i t  i s  possible to ach ieve accurate contro l o f  t h e  temperature 
of  the heat s ink by using this simple design. In turn this al lowed the i nstal lat ion 
of  a large number of experiments at low cost. 

There are m i s l ead ing statements in the li terature about th is  aspect of the 
experiment design. In  fact. the design fol lows the common strategy of using two 
thermal impedances in series, a strategy, which is  required for experiments a iming 
at h igh accuracy, [however, see also Section A .2] .  

CA.  The major reason is that th i s  i s  the on ly  experi ment to  date where we have a 
l ist ing of the raw data together with the eval uat ion carried out according to the 
procedures used in the NHE Labora tory . This is evident ly of key importance to 
( i )  and ( i i )  espec ia l ly in view of the assessment of the ICARUS methodology 
which has been publ ished ( I I ) [see also footnote 0 . 3 ] .  

C . 5 .  ( v ia) several "blank experiments" were to be carried out [at least one for each 
cel l in use; the use of Pt-cathodes in 0. 1 M LiOD/020 was recommended] .  
The experiments were to  be carried out at a single current density us ing . 
otherwise the protocol descri bed in ( ia)-(va); 

(vi ia) the execut ion of the "b lank experi ments" was to be fol lowed by 
experiments using cathodes made of Johnson Matthey Materia l ,  Type A .  
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The protocols (ia) - (va) were again to be fol lowed; 

(v i i ia) the first step in the data evaluation was to be the p lotting of A3 or A4 
s ized graphs of the "raw data" . The heat transfer coefficients (h') , and 
(kR')2 were to be derived for each measurement cycl e (see Section B].  

( ixa) the next step was to be the construction of (kR') ] ] - type spreadsheets 
coupled to the determination and interpretation of (kR') ] ] , (�)l1  and 

(kR ')11 [see Section B.3] . The further evaluation of these spreadsheets 

was not specified in 1 993;  this was a matter which was to be decided by a 
col laborative program between NHE and I .M. R.A. Europe. 

(xa) after the execution of (vi i ia) and ( ixa) the (kR'b - type spreadsheets were 
to be prepared and values of (kR'0)26] and (kR'0)36 ]  and the associ ated 
val ues of CpM were to be determined. These values of CpM were to be 
used both to correct the evaluations in  ( ixa) and to determine the "true heat 
transfer coefficients, (kR')32 " at times close to the end of the cal ibration 
period .  Fol lowing the receipt of the first set of "raw data" col l ected with 
the I CARUS- l system (3) thi s  objective was changed to the eval uation of 
(kR')22 and of (kR'O )262 at times close to the end of the cal ibration period. 

(xia) i t  was envisaged that, fol lowing the completion of th is initial stage of the 
investigation, the ICARUS program would move on to the examination of 
material s  variables as wel l as the production of ICARUS-2. This second 
part was intended to deal also with the effects of increas ing the current 
density, the analysis of data cl ose to the bo il ing point [incl uding boi l ing 
ep isodes] and "Heat-after-Death" .  The effects of changes of current 
density were to be fol lowed in l i ne with earl ier investigations ( 1 5),( 1 6), see 
( i i i a) ,  using an in i tial  polarization at l ow current densities for various 
periods of time fol lowed by a rais ing of the current density sufficient to 
dr ive the systems through the ' region of "pos i t ive feedback" and,  
eventual ly, towards the boi l ing point. The analysis of data c lose to the 
boi l ing point and of "Heat-after-Death" was to be covered in i tial ly by 
appropriate "Case Studies " .  The material given in Section A 7 - 9 goes 
some way towards fulfil l ing the needs of such "Case Studies " .  

The topic of "positive feedback" was not incl uded in  the ICARUS- l program main ly 
because these effects greatly compl icate the analyses [see Section A.3 and A.4]  but also 
because aspects of this topic were sti l l  being actively  investigated at IMRA Europe [see 
Footnote E. l l ] .  However, extensive comments on this topic were incl uded in the Report 
(4) on the second set of experiments carried out by NHE as the systems had evidently been 
driven into the regions of "positive feedback" [see also (8)] .  

C .6 .  However, the materi al outl ined in  ( 1 3 )  was a l so  contained in earl ier l etters and 
reports sent to Japan and, in part, in papers, which have been pu bl ished 
previous ly .  
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C.7.  Reference 1 3  deals fi rst of a l l  with the analysis  of a data set  generated by 
s imulat i o n  using the most the drast i c  simpli fications of the d i fferential  equation 
representing these Fleischmann-Pons calorimeters. The second part deals with the 
analysis of a blank experiment [Pt cathode] polarized in 0. 1 M LiOO/020. This 
ful l  report in  as received condition [from Fleischmann] consists of 1 90 pages and 
will be publ i shed in  another report (see Ref. 1 3). 

C . 8 .  We n o t e  here t h a t  t h e  values o f  t h e  rates o f  evaporative loss g i v e n  i n  the 
spreadsheets contai ned in the Report have been calculated with an earl ier vers ion 
of equation (BA) using the values 

L 
F 

4 1 ,673 .7  J Mole- I 

96,484 C Mole-
I 

At temperatures c lose to the boi l ing point the val ues o f  P *  and 8boi l i ng were 

adj usted as described i n  Section B.2. 

C.9.  Changes in the parameter l i sting are much more i mportant for other parts of the 
evaluat ion e.g. the adj ustment of the heavy water equivalent, CpM of the c e l l s  in 
the evaluation of the lower bound heat transfer  coefficients, (kR') I I  [see Section 
A . 3 ] .  

C. I O. Independent ca l ibrations show that the heat transfer coefficient  for c e l l s  fi l led 
with air  are about 0 . 75 o f  the val ues o f  these coefficients for cel ls  fi l led with 
l iquid (9),( 1 0). It fol lows therefore that the marked i ncrease i n  the heat capaci tance 
of the cel ls  fil led with 020 vapor at temperatures c lose to the boi l ing point must 
lead to the maintenance of the heat transfer coeffic ient at  the value which appl ies 
to cel l s  fi l l ed with l iquid.  

C . I I .  The gro u p  at the NHE Laboratory attempted to determ i ne the values o f  ,0. M  

directly by adding a condensation section to the cel ls  [see Footnote 0.5] .  

C . 1 2 . A s  has been explained previously ( 1 3 ), we had hoped to c i rcumvent the need for 
such an extended description so as to avoid  overburdening our accounts with 
redundant  symbo l ism.  I n  fact, the Handbooks ( 1 ).( 2 )  and earl ier  Reports (3 ).(4 ) .(5) 
used a s impl i fi ed description. Again,  as has been descri bed previously ( 1 3 ), i t  i s  
the deviat ion b y  t h e  NHE group from the recommended protocols a n d  procedures 
and thei r  use of i naccurate and/or i nvalid methods of data eval uation ( I I ) which 
makes i t  necessary to use the more closely defined descript ion, (B.8) .  

C. 1 3 . O f  course, other averages can be made but the use of the I I -point  average has 
been found to be especial ly lIseful.  

C. 1 4 . The val ue of CpM = 490 JK· I was appropriate for some\vhat larger cel ls  used i n  an 
earl ier phase of our investigations. 
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C I S . Objections have often been raised to the procedures which we have adopted based 
on the fact that it is al leged that we have not "binned the data" i . e .  we have not 
s ignal averaged before the data analysis [see Footnote 0.7] .  However, "binning 
of the data" must always be approached wi th great caution: one shoul d  only "bin 
data" or "bin coefficients" i f  these data or coefficients can be expected to be 
constant over the averaging interval . This i s  not the case for (kR') 1 1  unless the 

effects of the term CpM( <Me/dt) have been taken into account. Once this is done 
we can, of course, bin the coefficients as we have done in deriving (kR ' ) 1 1  and 

(kR ')1 1 · 

I n  the case of  the interpretation of data obtained with calorimeters re lying on 
rad iative cool ing, the position is further compl icated by the fact that the 
d ifferential equation representing the calorimeters, equation (B.  I) ,  i s  both non­
l i near and i nhomogeneous. It does not fol low therefore that the coefficients 
derived by averaging the data wi l l  be the same as the averages of the coefficients 
derived by using the "raw data" .  However, i t  was confirmed in 1 992 [when the 
approach out l i ned here was initiated] that one does, in fact, obtain an equivalence 
provided attention is restricted to regions where (d�e/dt) is adequate ly smal l .  I t  
was concluded that in such regions the d i fferential equation (B .  I ) cou ld  be 
sufficient ly I ineari sed and that the second order smal l d ifferences were 
sufficient ly smal l to all ow such averaging. However, as the values of (kR') 1 1  
obtained i n  this was were identical to those obtained using the procedure outl ined 
in Section B .3 ,  there was evidently no just ification in pursuing the matter further 
[nor to compl i cate the instrumentation l ] .  

I t  i s  evident therefore that these particular criticisms were inval id  [ see Footnote 
E.4] . 

Averaging procedures are considered further in Section B .3  in the di scussion of 
heat transfer coefficients based on the forward and backward in tegrat ion 
procedures .  

C 1 6. A s imi lar comment appl ies to the determination of (kR'o) 161 ; the t ime at which 
(d�e/dt) = 0 wi l l  usual ly be accessible for experiments in  which t l  = 9 hours . 
However, no such point can be defined for (kR'o) 1 7 I  so that this determination is 
mathematical ly  questionable; this is therefore equal ly true for (kR'o) 1 8 1 al though 
these extrapolations are certainly sound from an operational point of view. 

C 1 7. The val id ity of equation (B. 1 7) was establ ished at the time of construction of the 
ICARUS-2 System. 

C 1 8 . In our early work [prior to October 1 989] we had overcome th is particu lar 
difficulty by using (kR'h as starting values for the non-l inear regression procedure 
lead ing to the "true heat transfer coefficient, (kR')s" .  Here we fitted the numerical 
integra ls  of the d i fferential  equation (B .  I ) to the data sets for complete 
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measurement cycles . The relative errors i n  (kR')s which we could achieve in  this 
way were be l ow 0. 1 % even when using the unsatisfactory early version of our 
calorimeters [ i . e .  those not si lvered in the ir top portions] . 

This use of the non-l inear regression procedure had the further distinct advantage 
that we coul d  adjust the integration interval in regions where the temperature was 
vary ing rap id ly  with time so as to achieve the requ ired accuracy in the integral s .  
Th is was not possible for the methods lead ing to  (kR') 2 1 ,  (kR')n, (kR'h l and (kR')32 
d iscussed in  Section B . 3  when using the ICARUS- I and -2 Systems because the 
intervals for data acquis ition were fixed. Indeed, the interval 300 s was chosen 
because such an interval does not degrade the evaluat ion of any of the ser ies 
(kR'h l , (kR') 2 2 ,  (kR'oh5 1 , (kR'O)252 ,  (kR'oh6 1 ,  (kR'oh62,  (kR'O)27 1  and (kR ' ohn. 
However, i t  does degrade the evaluation of (kR'h l , (kR'0)351 ,  (kR'0)361 and (kR'o)37 1 
to some extent and leads to a marked degradation of (kR')32, (kR'O )352, (kR'O )362, 
and (kR'O )372 - The fact that the data acqu i s i t ion interval was too long for 
straightforward estimates of the (kR'),j 1 series of heat transfer coefficients was 
already pointed out to NHE in the ICARUS- I Handbook (

2) [see Footnote E .6] .  

We have pointed out el sewhere ( 1 5).( 1 6) that a major reason for our choice of non­
l inear regression was that the pressure of events in 1 989 did not a l low us to go 
through the logi cal sequence of us ing l inear regression, multi- l inear regression 
and non- l inear regression [ in fact, we had to opt for a "catch-al l "  methodol ogy 
and any integrated vers ion of equation (8. ) was certainly expected to require the 
use of non- l i near regress ionJ - However, our use of this methodol ogy was 
certainly not understood ( 1 8).( 1 ) [see Footnote E .7] and we also could  not make 
non- l inear regress ion "user fr iend ly" with the computing power avai l able to us at 
that time. I n  1 99 I -92 we therefore investigated the appl ication of I inear regression 
( 1 5 ).( 1 6) and this became part and parcel of the JCARUS- l methodology (

2). 

C 1 9. I t  is in  any event necessary to change the methodology of the evaluation in view 
of the early onset of "positive feedback" see Section A.4 .  

C20. As far as one is  able to tel l  from the l imited amount of information avai lable. 

C2 1 .  We retained the des ignation 22 as a fl ag to ind icate that the "backward 
integration" methodology was the primary objective for accurate eval uations. 

C22. Reference ( 1 3) conta ins extens ive d iscussions of  the errors of the various heat 
transfer coefficients and the causes of these errors. This reference wi l l  be 
publ ished in another report. 

C23.  Thi s  w i ll explain both our s trategies for determining the heat transfer coefficients 
[wh ich give the values at t = h] as wel l as giving a further reason for choosing 2-
day measurement cycl es with t2 correspond ing to the end of Day I .  

C.24. The need for pos ing th is restriction was po inted out repeated ly .  However, we 
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note that the group at NHE used integral heat transfer coefficients to evaluate the 
rates of excess enthalpy generation ( I I ) and this  appl ies  equa l l y  to the i r  
spreadsheets for the experiment considered in  this Report. 

C .25 .  Or ,  a t  least, they were not fol lowed systematically. 

C.26. The points at which data were acq uired were always correctly t imed . Thi s  is true 
for a l l  the experiments, which we have carried out [see Footnote E.8] .  

C .27. and as has been pointed out elsewhere. we no longer have the "raw data" for these 
experiments. 

C.28 .  I t  is therefore impossible to carry out the tests based on the appl ication of the 
protocols speci fied for these experiments, especial ly those based on ( i ia)  see 
Section A.2 .  

C .29 .  However, we should note that as  far as the results for th is  experiment are 
concerned, the early development of "posit ive feedback" would in any event have 
precluded the evaluation of (kR')2 [see Sections A.3 and 4 ] .  

C .30. We should  make a special note here of the fact that the analyses presented in this 
report are incomplete in that the effects of these changes in current density have 
not been considered except for that on Day 26 which has been d i scussed as a 
spec ial  case of "Heat-after-Death", see Section A. I O. In fact, i t  i s  possible to 
develop analyses analogous to those leading to (kR')22, (kR')262, (kR')32 and (kR')362 
but based on the perturbations due to changes of current density . This is a matter, 
which should be considered further in an addendum to this Report. 

In this connection it is of some interest that the ana lysis of the effects of changes 
of current density in one of the data sets of the investigation by the group in  
Harwel l  (22) gives a clear demonstration of excess enthalpy generat ion .  A paper 
dealing with this topic (23) was rejected for publ ication [two further papers dealing 
with the reanalysis of data sets generated by this investigation have a l so been 
rejected for publ ication] . 

C .3 1 .  A phenomenon which has a l so been observed and commented on by other 
authors. 

C .32 .  I t  has been argued (6),(7) that this phenomenon is  l i nked to the need to achieve high 
l evels of loading of the cathodes by D+ which is probably also associated with a 
change from exo- to endothermic absorpt ion; an alternative explanation (24 )  is that 
these phenomena are l inked to the formation of a new phase, the y-phase (25).  

I t  is  not cl ear at the present t ime whether [and if  so how] the onset of " posit ive 
feedback" is  l i nked to the increase of cel l te mperature and the resu l ts  of the 
experiment certainly argue against Stich an interpretation [see Sections A.3 and 

48 



AA] .  However, it seems to be reasonably c lear that increases o f  temperature 
faci l i tate the phenomenon. Furthermore, maintenance of the e lectrode in the 
region of the onset of " positive feedback" [current density, temperature] leads to 
the onset of osci l latory phenomena (6).(7).(24) which reduce and may even el iminate 
the effect. It is  the sens itiv ity of "positive feedback" to the operating cond itions, 
which is a major factor in making the outcome of experiments [i .e. the level of the 
rates of excess enthalpy generation] dependent on the experimental protoco ls .  

C33 .  We have to take note of  the fact that the usable range of current densi ties was 
necessari Iy res tricted by the maximum output of the galvanostat [± I A at ± 1 00 
V] and the rel atively l arge surface area of the electrode [3 . 1 5  cm2 ] . 

C34. Furthermore, the current densities remained in  the low range for the observation 
of excess enthalpy generation ( 1 2 )

. 

C35 .  A correction to F ig. A .4  may form an addendum to  this Report. 

C36.  The effects of  such changes may form a further addendum to this  Report. 

C37.  Which furthermore quoted results showing that the vol umes of the e lectrolyzed 
gases agreed with those calculated for el ectrolysis according to Faraday's Laws . 

C38 .  Nevertheless, the recombination of O2 and O 2  formed in  the electrolysis continues 
to be invoked in  expl anat ions of the excess enthalpy generation observed e .g. ( 1 1 )  

and the numerous comments by inter alia D .  Morrison and S .  Jones .  

C39. The conditions of operat ion above Day 62 need to be invest igated further. 

C40. Hypothetical d ifferences in  temperature due to inadequate mixing have frequently 
been invoked in  hypothet ical arguments about the performance of these 
calorimeters . We note, however, that inadequate mixing would not give rise to a 
systemat i c  and t ime i nvari ant d i fference i n  temperature between the two 
posit ions. Moreover, such d ifferences in temperature wou ld  not be expected 
because the thermal re l axation time, L = CpM/4(kR')S

3 cell , is of order 5000 s 

whereas the radial and axial mixing times are - 3 and - 20 s [as revealed by tracer 
experiments ] .  Smal l d i fferences in the ce l l  temperature can only be observed in  
the v ic in i ty of the electrodes and cal ibrat ion res i stor i . e .  w i th i n  the Prandtl 
boundary l ayers. However, the volumes of l iqu id within these boundary layers 
are negl igibly small compared to the vol ume of electrolyte in the cel l s .  

C4 1 .  I n  cons idering the precis ion and accuracy of the measurements of the "raw data" 
we should note that the cel l  currents, column 6 of Table A.2, have been rounded 
to 5 s ignificant figures .  These currents shou ld ,  in  fact, have been given to 6 
significant figures. 

CA2. With a thermal relaxation time of 5000 s ,  the temperature perturbation wil l  only 
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have reached 98 . 67% of its final value within the cal ibration period. The 
consequent 1 . 33% error i s  outside the l im its specified for the ICARUS Systems 
[see also Section A.4]. 

C43. Such effects can be seen in the "raw data" of some of the experiments carried out 
by the group at H arwel l  (22) as we l l  as in some of the early measurements carried 
out by the group at NHE (4).(5).(24 ) 

C44. This is a feature, which w i l l  be common to a l l  cal orimetric systems used to 
investigate a thermal source subject to "positive feedback" . [Moreover it is a 
feature of any system subject to "positive feedback"] . I t  is l ikely that the neglect 
of this fact is responsible for much of the confusion in the research on "Cold 
Fus ion" .  

C.45 .  The spreadsheets contain the fol lowing col umns of entries : 

1 )  the t ime of the data acquisi tion, tis ; 
2)  8ecll.shol1 themllstor, the temperature measured with the "short thermistor"/K, 

see F ig. A. I ;  
3)  8ecII . long thermistor> the temperature measured with the " long thermistor"lK, 

see Fig. A. I ;  
4) Eecl t/V; 
5)  ledll A; 
6) 8bath, the temperature of the water bath, IK ; 
7) (d8eel !/dt)shol1 thermistor, IK S- I : 
8) the enthal py input, IW ; 
9) the rate of evaporative cool ing, IW ;  
1 0) the louie heat input due to the resistive heater, IW; 
I I ) fl (8)shol1 themllstorlK 4, 
1 2) the rate of excess enthal py generation, IW; 
1 3) 1 09 (kR')

I
I , IWK-4; 

1 4) an entry rel ated to the water equival ent of the calorimeter, 11K- I ; 
1 5) (d 8/dt)long thermistor, IK S- I ; 
1 6) the rate of evaporative cool ing, IW; 
1 7) fl (8)long therm istor, IK 4 ; 
1 8) th� rate of excess enthalpy generation, IW; 
1 9) 1 0  (kR') 1 1 IWK-4;  
20) an entry re lated to the water equivalent of the calorimeter, 11K - I .  

I t  i s  evident that the derived data I n col umns (7), (9), ( I  I ), ( 1 2 ) and ( 1 3) are based 
on the temperature measured with the "short thermistor", col umn (2), wh i le  those 
in col umns ( 1 5 ) ,  ( 1 6), ( 1 7) ,  ( 1 8) and ( 1 9) are based on that measured with the 
" long therm istor", column 3. The basis of the entries in col umns ( 1 4 ) and (20) i s  
not cl ear, nor i s  it apparent how this information may have been used .  

C.46. The water thermostats surrounding the ce l l s  were run at - 30°C in the early work 
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i n  Salt  Lake C i ty .  I n  1 9 88 attempts were made to al low for this shift in the 
reference temperature as wel l  as the fact that e lectrolysis takes place from 0. 1 M 
LiOD in D20 and not 020 itself. While the thermoneutral potential i s  certainly 

not 1 .527 V, it is c loser to this value than to 1 . 54 V .  The value 1 . 5 2 7  V has 
therefore been used i n  the calculations summarized in Tables A.3 - A.9.  

C.47.  I t  appears that the faci l ities for monitoring the current to the cali bration resistor 

and the voltage across this resistor were disabled. 

C.48.  More exactly,  whether the values of (kR' ) 1 1 plotted versus time fal l  on a common 
straight l ine as shown in e.g. (4),(

1
3 ) .(

1
4), see also Fig. A.20 in Section A . 5 .  

C.49. In actual  fact, the matter is more complicated than has been indicated in the main 

text. I n  the m ethod original ly proposed by NHE the " lower bound heat transfer 
coefficient" determined before the application of the calibration pulse was used in 

attempts to derive the rate of excess enthalpy generation during the appl ication o f  
this pulse. It i s  not surprising that such a method can only give the correct result  

provided there is a zero rate of excess enthalpy generation for the period t < t l  
before the appl ication o f  the pulse [as wel l  as for t > t2 fol lowing the termination 

of the pulse] while the cal ibration pulse itse l f  [during tl  < t < t2 ] l eads to the 
generation of excess enthalpy. These facts were i l lustrated using simulated data (4) 
but the Report did not lead to any further discussion. 

I t  is of interest that the behavior of this Pd-B study during Day 3 to some extent 
satisfies the preconditions for the appl ication of the NHE methodology (see the 
main text] . It i s  also o f  interest that the method proposed by N H E  bears some 
resemblance to an evaluation used previously ( 1 5),( 1 6 )  except that the earl ier method 
u sed the maximum value of the " lower bound heat transfer coefficient, (kR ' ) 1 1  " 

observed d uring the early stages of the experiment. The use of such a value of the 
" lower bound heat transfer coefficient" is di scussed further in Sect ion A.6.  

C.50.  I t  so happens that there is some \,alidity to this concl usion due to the influence of 
"positive feedback". This matter is discussed in Section A.4. 

C. 5 1 .  It i s  evidently very important to establ i sh whether this early onset o f  " positive 

feedback" is a property of the Pd-B a l loy used in  this experi ment. I t  should be 
noted that it was proposed some years ago that Pd-Ag al loys used in d iffusion 
tube separators should be replaced by Pd-B al loys. Evidently Pd-B al loys were 
expected to display some beneficial properties, and the l i terature on this topic 
should be searched and the main manufacturers should be consulted. 

C.52. The steps o utl ined in Section A.4 do not correspond to the sequence i n  the 
ICARUS-style  eval uation (2 ). In  that evaluation [as modified in (3 )] the first step 
is the preparation and inspection of A-4 sized plots of the "raw data" leading to 
the evaluation of (kR') 1 and (kR ' )2 ;  the second step is the preparation and 

interpretat ion of (h') 1 1  - spreadsheets while the third step is the preparation and 
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evaluation of (kR')n/(kR'b - spreadsheets l eading up to the evaluation of (kR'O)261 , 
(kR'h62, (kR'h61  and (h'h62. I t  should a lso be noted that the ICARUS software 
prepares the more restricted version of the (kR'b/(kR')31 - spreadsheets [restricted 
to tl < t <12] as shown in Table A .5  and not the version for the whole measurement 
cycle 0 < t < T shown in Table AA. 

It shou ld  be noted furthermore that the tables presented in this Report only 
contain a part of the infonnation of the ICARUS-sty le  spreadsheets. 

C53 .  As  has been noted in  Section 8 .3 ,  i t  i s  possible that this  insert ion of add itional 
data po ints has not been carried out in the systems suppl ied to NHE.  Thi s  
part i cu lar question cou ld only be resolved by re-impl ementing t h e  relevant 
software. 

C 54. The values for the first 20 - 30 points must be excluded as the benefits of using 
the integral coefficients are only establ ished with increasing time. S imi larly, the 
first 20 - 30 points must be excluded i f  the interpretation i s  based on backward 
integration i . e .  if we consider (kR'b . 

C55 .  More exact ly the evaluation of (kR'b was restricted to times close to t2 for 
cal ibration periods of 1 2  hours i .e .  for measurement cycles lasting 2 days (2). 

C56. The increase of the pseudorad iative heat transfer coeffic ient due to the "over 
fi l l ing" of the cel ls  is important from a d ifferent point of view. I t  has been shown 
in Section 8 .2  that the thennal capacity of the head space in the cel ls  [fil led with 
the mixture of deuterium, oxygen and 020 vapor] must increase marked ly above 
that predicted for the head space fi l l ed with deuter ium and oxygen alone at 
temperatures close to the boi l ing point of the el ectrolyte. It fol lows, therefore, 
that heat transfer from the cell must be control led by the coefficient for cel l s  
"overfi l l ed" with el ectrolyte. This matter is considered further in Section A.6 .  

C5 7. The main question is that if the charging of the el ectrode is  indeed 1 00% efficient 
and, if this charging is completed at � 1 30,500 s, then the total charge taken up 
by the el ectrode is in excess by a factor of five of that predicted for a charging 
ratio D/Pd = L Rel ated to this question is  the problem that the total excess 
enthal py during the charging period [- 3800 J] is  in excess by a factor of two of 
that which woul d be predicted for D/Pd = 1 and an heat of absorption of 40 kJ 
mole· l . Thi s  suggests anomalous excess enthal py production during the charging 
period .  Experimental ly ,  vigorous gas evol ution was observed after 1 3 ,200 s 
[ I=0. 1 50A]. This corresponds to a load ing of DlPd=0 .5 at that time. 

C 58. Evidently, heat transfer to the wal ls of the Dewar cel l  is maintained by the vapor 
phase at the very least if th is phase is fil led with 020 vapor at temperatures close 
to the boi l i ng point of the el ectrolyte [c. r. the increase in the thermal capacity of 
the vapor phase, Section 8.21 .  It fo llows that the heat transfer coefficient for the 
ce l l  fi l l ed with vapor is the same as the heat transfer coefficient for the cel l fi l l ed 
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with electrolyte . In  actual fact, the heat transfer coefficient for the ce l l  fi l l ed  with 
vapor wi l l  be that for a cel l  "overfil led" with el ectrolyte i . e .  some 5% above the 
val ue 0 .85065 x 1 0-9 WK-4 [c .f. the d iscussion of F ig. A .20] . 

C 59. I t  is  important to real ize that the calculation of the total enthalpics outl ined in the 
main text, Section A.7,  is independent of the rate of reflux. 

C 60. I t  is also important to real ize that the interpretation given by NHE shows the other 
features of excess entha lpy generat ion to which we have frequent ly drawn 
attention e .g. the fal l  of the " lower bound heat transfer coeffic ient, ( kR ') 1 1 " ,  with 
time due to the bui ld  up of excess enthalpy production. I n  fact excess enthalpy 
generation was observed throughout the t ime range except for the l ast four data 
points where the calcul ation of the rates of evaporative cool ing are inval i d .  
These matters passed without comment. 

C6 1 .  The group at NHE attempted to derive the rate of evaporative cool ing d i rectly by 
col lect ing and weighing the d isti l l ate . H owever, apart from the inaccuracies 
in troduced by the unknown hold-up in the d isti l l ation system, the data der ived 
cannot be interpreted in the absence of information about the rate of reflux .  It is 
therefore in  any event necessary to carry out the calculation outl ined in Section 
A .  7 so that the weigh i ng system does not produce any add i t ional usefu l  
information. 

C62 .  The operation of the experiment on Day 68 should be  contrasted with earl ier 
measurements ( 1 5).( 1 6) The rates of excess enthal py generat ion in  these earl i er 
experiments reached much higher val ues than those reported here [up to two 
orders higher] . Some of the compl ications in the evaluation of this experiment 
coul d  therefore be avoided. In  particular, i t  cou ld  be assumed that the l ast part of 
the earl ier experiments were control led by a process akin to boi l ing. This was 
sufficientl y  intense that the effects of reflux cou ld  be neglected .  

C 63 .  A s  has been noted above the cal ibrations used i n  an earl ier investigation were 
derived by us ing a heater spiral spanning the whole vol ume of the cel l i .e .  heat 
was appl ied  uniformly throughout th is volume. 

C64 .  However, i f  \·ve describe this as the "conventional wisdom" o f  the research in  this 
field ,  then we can see that the results for this experiment fly in the face of th is  
"conventional wisdom" .  In particular, excess enthalpy generation was observed 
on Day 3 of the measurement cycles at a current density below the threshold value 
wh i le  "pos i tive feedback" was establ ished at a temperature below this further 
threshold .  We can therefore only regard the criteria used to search for category 
# 1  of the phenomenon of "Heat after Death" as rather "broad brush indicators" .  

C65 . Possibly because of the cracking of the e lectrodes due to the repeated l oad ing and 
de-loading. 
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C.66. The non-unifonn charging of electrodes is probably respons ible for the marked 
increase in the rate of excess enthalpy generation at temperatures approaching the 
bo il ing point. The electrodes then become covered by a porous film and charging 
takes p lace at very high current densities through the pores in the fi lm .  This 
process is favored by the "tertiary current distribution" in the fi lm:  the very high 
current densities lead to increases in the 00" concentration in the pores which in 
turn enhances the non-uniform current distr ibution. 

A program of work on the non-un iform charging of electrodes [using inter alia 
e lectrodes partial ly  covered by d iffus ion barriers] could not be estab l i shed at 
IMRA Europe because of lack of resources .  This is probably  one of the most 
important negl ected aspects of the work because, if such charging shou ld prove to 
be successful ,  it wou ld al low the construction of energy efficient systems. 

C .67 .  It is  unl ike ly  that the variation of the d ist i l l ate with t ime [as determined in the 
NHE investigations] could be useful ly interpreted. 

Section D 

As is explained in the main text, Section A, Section D contains a set of Footnotes and 
Comments, which should not necessari l y  be inc luded in a Report given extensive 
circulation . 

0 . 1 .  [see also Footnote C 1 ] As has been explained in earl ier correspondence, M .  
F le ischmann on ly obtained a copy of the Handbook describing the I CARUS-2 
System ( I )  indirectly during 1 998 from M.H.  M i les .  Prior to this, M.  Fleischmann 
was denied access to this  Document. 

D.2 .  [see also Footnote C2] It  is not cl ear whether NHE ever took any account of these 
reports [or of the extensive further correspondence] as thei r  receipt was never 
acknowledged .  Therefore, there was no correspondence concerning the i r  
contents . However, we note that the whole project was to be carried out in  the 
Publ ic  Domain. Presumably, therefore, these Reports should be made avai lable 
to " third parties" if th is should be requ ired. 

0.3 .  [see a lso Footnote C .4]  At the 7th International Conference on Cold  Fusion, one 
of us [M. F le ischmann] was also given a CD containing the raw data for a series 
of experiments carried out in the NHE Laboratories . This CD may also contain 
informat ion about the evaluations, which were carried out. However, none of 
these experi ments correspond to the ones, which had origina l ly been req uested 
[see (5) and the preceding reports and correspondence] .  These experiments were al l 
carried out prior to .June 1 994 [al though some of the experiments were continued 
to later dates] .  It  had original ly  been intended to use th i s  date as a "cut-off' point 
[mainly because we do not bel ieve that there has been any signifi cant advance 
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s ince that t ime, see also Footnote E . 1 ] . 

0.4.  The poss ib i l ity of the "overfi l l ing" of the cel l s  was to have been avoided by 
add ing an aud io al arm system to the "switching boxes " which were part of the 
J CARUS-2 System. This mod ification was never incl uded and as such it was 
never used .  

0 . 5 .  I t  was d i fficu l t  t o  see how anybody cou l d  convince themselves that such 
measurements coul d give any meaningful resul ts .  The amount d is t i l l ed was 
determined by weighing the d isti l l ate and ,  in consequence, was reduced by the 
hoi d-up in the vapor fi l led section of the cel l  as wel l as the condensation unit .  
F urthermore, the rate of evaporation had to be derived by d ifferentiating the 
"noisy" experimental data. However, let us suppose that these defects cou ld  have 
been overcome. In that case we would at best have derived informat ion about the 
reflux rat io, a quantity which does not give any usefu l  information about the rate 
of excess enthalpy generation. The only d i rectly useable information is the 
detection of the time at which the cel l s  are driven to dryness. However, this t ime 
can be determined d irectly from the "raw data" by noting the fal l  in the cel l  
current or by d irect v isual observation or, better, by using v ideo record ings [as we 
had done in 1 992 ( 1 5 ).(

1 6)] .  

This part o f  the instrumentation was a lso constructed at I MRA Europe and the 
effort involved caused cons iderable d isruption of the research program [see 
Footnote E . 2] . 

0.6 .  Furthennore, i t  is  possible to use filter funct ions other than the "square-box" fil ter 
of the I I -point  averaging and to des ign such fi l ters to fac i l i tate the 
eval uation/demonstration of specific points of interest [e .g .  the effects of "positive 
feedback" ] .  A program of work on these aspects was started in 1 992 but had to be 
abandoned because of l ack of time and resources [see also Footnote E .3 ] .  

0 .7 .  See especial ly  the comments of Stephen Jones. 

0 . 8 .  I t  is  important here to  draw attention to  a shortcoming of  the model i ng of the 
calorimeters, equation ( B . I ) , as wel l as the eval uation of the heat transfer 
coefficients [especial ly  of (kR') ] ] and (kR ') 1 2 ] .  I n  th is  model ing and in  these 
evaluations we assume that the fl uctuations in  the temperature about the re levant 
mean in the t ime-domain are scaled by the total water equ ivalent of the 
calorimeter, CpM,  to give the fluctuations in  the enthalpy content of the system.  
I t  may wel l  be that th is  is  an overestimate and that the temperature fl uctuations 
take place in  just a small e lement of the l iqu id  in the calorimeter. 

The deta i led consideration of this topic is beyond the scope of the present report. 
However, we shou ld note that the correct cal culation of the fl uctuations in the 
enthalpy content requ i res both temperature measurements at many locat ions 
coupled to the evaluation of proper weighted means and the development of the 
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theory of  the power spectral densit ies of the tluctuations. These topics were 
invest igated during 1989 but were subsequently abandoned because of lack of  
resources and because it  became evident that (kR') 1 1  and (kR') 1 2 could be  derived 
with i n  the target error l imits by taking appropriate averages [e.g. ( kR ' ) 1 1 or 

(kR ' ) 1 1 ] ; th is  was equa l ly true of the in tegral heat transfer coefficients. 
Furthermore, it was also clear that i t  would be possible to obta in the requi red 
spatia l  averages by using the ICARUS- 1 4  ca lorimeters [original ly descri bed as 
the ICARUS-4 versions]. 

We note here that the work carried out in  1 989 rel ied on the calculation of the 
autocorrelation function of the fluctuations. How'ever, i t  became clear that it was 
necessary to model the cross-corre lation functions and that the problem of the 
generation of thermal noise in calorimeters was formal ly simi lar to the problem of 
noise generation by aero foils . 

Sec t ion E 

For reasons which wi l l  become apparent, th is Section contains a set of Footnotes and 
Comments which perhaps should not be included in the main Report. 

E. ! .  One of the authors [M. Fleischmann] has explained on other occasions that a l l  the 
data sets which were original ly in his possession were removed from the material 
returned to him from France. This includes all the important data sets col lected in 
the NHE Laboratory prior to June 1 994, detai ls of a very important experiment 
carried out in another laboratory in Japan which mimics the procedure which had 
been used in Utah prior to October 1 9 89 [ i . e .  the data analyzed in ( 1 2 )] ,  the 
"Harwel l "  data sets and al l  information about the experiments carried out  in the 
National Cold Fusion Center, Salt Lake City .  The only information now in our 
possession consi sts of parts of data sets. which had been evaluated at various 
times during M.  F leischmann's stays in the U . K. 

It m ight we l l  prove possible to reconstruct at least parts of the original data sets 
from this fragmentary material .  However, i t  is not clear at this time whether such 
data sets could be evaluated without access to the relevant laboratory notebooks. 
We note in this  connection that one of us [ M .  F leischmann] has frequently 
requested access to this information and has suggested procedures for the further 
evaluations. These requests have a lways e i ther been ignored or else blocked.  

E.2.  We expressed our reservations repeated ly about th is  part of the research program 
but never received a reply. It should be noted that this development took place 
fo l lowing completion [ in June 1 994] of the first part of our investigations of the 
long-term maintenance of boi l i ng condi t i ons lIs ing the calorimeters in  the 
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sequence ICARUS-4 to I CARUS-9 ( 1 7). I t  was th is  part of the program, which 
needed to be developed further, and the I CARUS 1 0- 1 3  Calor imeters were 
designed and constructed with this end i n  view. However, these calorimeters 
were never put into use. 

E.3 .  Part of this program was aimed at self-tun ing control of the systems with a v iew 
to implementing automatic "h i l l -c l imbing" to increase the enthalpy output. 

E.4 .  This particular critique i s  a minor [but, nevertheless very good] example of much 
o f  the cri t ic ism in this field .  A scenario i s  set up [or a po i nt is  raised] leading to 
h igh ly  crit ical  statements [should one say, vehemently cri t ical  statements?] . 
There i s  no doubt that these statements would have been j ust ified i f  the original  
scenario [or point] had been val id .  However, the original scenarios [or points] 

were not val id and the critique is therefore quite incorrect. 

Other good examples of such critiques include statements about the inadequacy of 
st irring, temperature inhomogeneit ies in the cel l s, the definition and use of pseudo 
conduct ive or pseudoradi at ive heat transfer coeffic ients, the use of a s ing le  
thermal  i mpedance [as aga i nst  two therma l  i m pedances in  ser ies ]  t he 
methodologies of  evaluating the resul ts etc. etc . A l l  of these in i t ia l  scenarios 
should have been checked against the publ ished papers or, perhaps, even been 
rai sed in correspondence prior to the decision to publ ish the critiques? 

E.S .  As has  been noted previously ( 1 3), i t  i s  important to  establ ish whether the group at 
NHE ever fol lowed this particular instruction and, if  they did so, what concl usions 
they may have drawn from such plots. However, it i s  unl ikely that the group at 
NHE ever constructed such plots because, if they had done so, they wou ld sure ly 
have understood one reason for the specification in the ICARUS- J System that 
the duration of the cal ibration pulses had to be lengthened to \ 2  hours [and the 
reasons for other specifications of durations of the experiment cycles ) .  They 
would a lso have detected the presence [or absence] of " posit ive feedback" .  One 
of the authors [M.H .M. ]  reports that he saw no evidence for the construction of 
such p lots whi le he was working at NHE. Inadequate inspection of " raw data" is 
a malaise, which affl icts much of modern science. 

E.6 .  However, th is  did not lead to any d iscussion of the advantages/short comings of 
the various methodologies of est imating the "true heat transfer coefficient " .  We 
note that the I CARUS- \ System Handbook was described as " Version \ - Low 
Power Measuring System for Three Cel ls"  with the qual ification on page 62 :  "The 
experimental equipment and hardware are s imi lar to those wh ich we current ly 
use .  I t  i s  envisaged that updates of the software wi l l  be dependent on the needs 
of the l aboratories taking Pal1 in this research program" . 

We a lso note that we never received any communication fro l11 the group at N HE 
concerni ng the methods of data evaluation . It is evident that the group continued 
to base the i r  evaluat ions on (kR')32 ,  and i t  appears that the value of th i s  coefficient 

57 



determined from Day 3 was also used for the whole of the evaluat ion of the 
experiment MC2 l [Pd-B] .  

E .  7 .  I ntentionally? 

E. 8 .  This i s  an aspect of the greatest importance because i t  shows that it would enable 
the precise and accurate eval uation of  all the data sets, which have been 
determined hitherto [see Footnote E.9] . In  view of the difficulties, which were 
evidently being experienced in the data evaluation, it has been urged at various 
times that a group should have been set up charged with the task of evaluating the 
various data sets. The task of the parent groups would then have been reduced to 
the va l idation of these evaluat ions.  There was never any reply to these 
suggestions [see Footnote E. l O] . 

Short of this suggestion, one of us [M. Fleischmann] urged that the raw data for 
various selected experiments should be released for further study. However with 
the exception of this experiment [considered in this Report] and the data sets 
provided by Dr. Asami at ICCF 7, there has again been no response to these 
proposals. We note that the data provided at ICCF 7 did not include any of the 
data sets which had been previously selected . Th is selection was based on the 
desire to restrict data evaluations to experiments carried out prior to June 1 994 
[with the important exception of this experiment] . 

E .9 .  I t  would evidently have been sensible to restrict such evaluations to j ust a few 
data sets because further work should have been carried out using I CARUS- l 4  
Calorimeters [originally classified as the ICARUS-4 Systems] . 

E . ! O. However, we note that neither the original authors nor Harwell commented on the 
reassessments (20).(2 1 )  of parts of the original investigation by the group at Harwell 
(22) 

E. 1 1 . Furthermore, one of us [M. Fleischmann] had bel ieved for some time that l ines of 
research based on this  work could point the way towards aspects of importance to 
National Security and should therefore be excl uded from work in the Pub l ic 
Domain [see also Footnote E. l 2] .  I t  should be emphasized here that the topic on 
its own does not point to matters of interest to National Security . 

E. 1 2 . The text of this Footnote may be made available on application. 
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Table A.l The general operating characteristics of Experiment M7cZ ( Pd-Bl 

Column J Time/day 
Column 2 Current density/A cm-2 

Column 3 The maximum cell temperature for each day of operation/K 

Column 4 The volume ofD20 added/mJ 

Column 5 The total volume ofDZO addedlmJ 
Column 6 The volume ofD20 electrolysedlmJ 
Column 7 The total volume ofD20 electrolysedlmJ 
Column 8 The change in the volume of electrolyte at the start of the relevant day 
Column 9 The change in the volume of the electrolyte at the end of the relevant 

day 
Column J 0 The total excess enthalpy generated each day/J based on the "true heat 

transfer coefficient, (kR') J 2 = 0.79350 x ] 0-9 WK·'" 

Column J J The total excess enthalpy generated each day/J based on the "true heat 
transfer coefficient, (kR') J 2 = 0.85065 x ] 0-9 WK'" 
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Table A.2 The "raw data for the third measurement cycle of experiment M7c2 

and the derived "lower bound heat transfer coefficient, (kR') I I " and rates of excess 
enthalpy production, Q, as given by the analysis provided by the group at the N.H.E. 

Laboratory. V a l u es of Q have been derived using the "true heat transfer coefficient, 

(kR') 1 2" (0.793504 x W9 WK-4) quoted by this group. 

The Table also lists the averages Q and Q as well as 1 09(kR')1 1  and 
9 = 1 0  (kR')l l  (and the associated statistics) for the evaluations based on measurements 

with the short thermistor. 

Columns 1 5  - 1 7  give the evaluation of I 09(kR') I I  , 1 09(kR')1 I  and 
9 = J 0 (kR') I I but with the inclusion of the enthalpy input �Q = 0.2500W due to the 

calibration heater. 

Column I The elapsed timels 
Column 2 The temperature of the water thermostatIK 
Column 3 The temperature measured with the "short thermistor"/K 

Column 4 The temperature measured with the "long thermistor"/K 
Column 5 The Cell Voltage!V 
Column 6 The Cell CurrentiA 
Column 7 I 09(kR') I I/WK-4 for measurements in Column 3 
Column 8 QIW for measurements in Column 3 

Column 9 1 09 (kR') 1 1/WK-4 for measurements in Column 4 
Column 1 0  QIW for measurements in Column 4 
Column I I  OIW of the values in Column 8 

Column 1 2 QIW of the values in Column I I  

Column 1 3  1 09(kR')I I/WK-4 cr/WK-4 and cr/(kR') I 1 /% of the values in Column 9 
Column 14 1 09(kR') 1 l/WK-4 cr/WK-4 and cr/(kR')I I/% of the values in Column 1 3  
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Column I S  1 09 (kR') 1 1  IWK-4 for measurements in Column 3 but with inclusion of 
the enthalpy input t.Q = O.2S00W due to the calibration heater. 

Column 1 6  1 09(kR')I IIWK-4 aIWK-4 and cr/(kR')l l/% of the values in Column 
I S  

Column 1 7  1 09(kR')l lIWK-4 aIWK-4 and cr/(kR') n1% of the values in Column 
1 6  
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2 � � 6 7 8 9 10 1 1  12 13 14 15 

I 
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10500 295.207 300.345 300.343 4.5701 0.15035 0.830055 .o.OlllS 0.830367 .o.02 0.04% 
10800 295.21 300.346 300.342 4.5879 0.15035 0.834268 .o.0221 0.639455 .o.0249 , 
1 1 100 295.1 96  300.346 300.341 4.5879 0.15034 0.830501 .o.0201 0.840348 -{) .... 1 
1 1400 295.195 300.348 300.338 4.5872 0.15035 0.841879 .o.0263 0.83905 .( 
11700 295.218 300.34 300.338 4.5631 0.15034 0.83968 .o.Q25 0.833978 -6.0219 .o 
.0000 295.204 300.348 300.34 4.5702 0.15035 0.627941 .o.0167 0.833451 .o.0217 

,� �5.208 300.345 300.34 4.5889 0.15035 0.835583 .o.0228 0.838419 .o.0233 
'�14 300.348 300.34 4.5824 0.15035 0.837695 .o.0241 0.838902 .o.0246 

�._7(''' .,,"'" ":IA1 ""r.n "'''lA 4.573 9.15035 _ 0.643234 -0.027 O.63{105L..--O.O�1 

- 0.838291 1 1 I .... 005153 
l.62% 

..., ", OJ " 
>-
N 



324 300.321 4.5726 0.1503S 0.832962 -<).0214 0.853052 -<).0323 0.008427 

"'� "'lW.l_ �.325 300.32 -4.5585 0.15038 0.828166 ..Q.0188 0.8-42574 -0.0268 1 01% 

2� 295.19 300.328 300.318 4.5826 0.15038 O./l3oIl96 -<).0221 0.834695 -<).0223 I 
26100 295.:WS 300.325 300.321 4.5896 0.15035 0.839209 -<).0355 0.856877 -<).�2 I I I 26400 295.188 300.332 300.312 4.5812 0.15038 0.832988 -<).0214 0.837877 -<).0239 

_.- 295.192 300.326 300.32 4 
.. -. �-- - -- - - .  --- - � - . .  



� � 30900 
300 

).203 s. ��;).1 93 300. 
n "00. 

ioo.3i3 
3OO:3'i3 
l.ffi 

).312 
100.312 
100.313 

�o 

1.5634 0.15035 0.841092 
�.5634 0.15035 0.843047 .{J.0266 0.840533 
�.5599 0.15035 0.83651 1 .{J.0232 0.638664 .{J.024S 
1.5568 0.15036 0.62889 .{J.0192 0.832566 .{J.0212 
4.5614 0.15035 0.83801 .{J.0241 0.834656 .{J.0223 
1.5628 0.15035 0.84212 .{J.0262 0.840775 .{J.0255 -il.1 

4.57 0.15038 0.831743 .{J.0207 - -----. - . 
).0267 

,., tv 

0.837291 
0.004923 _t59% 

oJ 

�.u... .JW.".l1;l &XJ.333 4.5554 0.15037 0.570155 0.1212 0.553053 --0.1306 32700 295.188 300,489 300.496 4.5535 0.15036 0.355013 0.2457 0.381809 0.2422 � 0 80123 J1' J 33000 295.182 300.637 300.637 4.5442 0.15036 0.369166 0.2446 0.364756 0.2356 0'60249 .1 33300 295.163 300.779 300.775 4.5396 0.15037 0.381657 0.2438 0.383519 0.2427 0'60394 33600 295.19 300.91 300.909 4.5449 0.15036 0.41 1018 0.2317 0.405699 0.2349 0:82386 �900 295.198 301.025 301.025 4.5363 0.15038 0.40644lJ 0.239 0.410415 0.2386 0.81126 • 200 295.183 301.152 301.148 4.5471 0.15035 0.407979 0.244 0.401805 0.2478 0.2404 0.40939 0.80294 n An� I l �500 295.19 301.26 301.265 4.5543 0.15036 0.430567 0.2338 0.4302 0.2342 0.0279 0.81673 l 800 295.197 301.365 301.361 4.5135 0.15037 0.43169 0.2369 0.418254 0.2456 .81% 0.8""' " """,' 195.18 301.459 301.475 4.5132 0.15036 0.442132 0.2343 0.425536 0.2447 0.8 
182 301.549 301.556 4.5025 0.15036 0.430938 0.2453 0.454566 0.2296 0.60047 i.185 301.645 301.641 4.5027 0.15037 0.436485 0.2452 0.445095 0.2391 0.1 l 36000 295.189 301.725 301.725 4.4979 0.15037 0.452562 0.237 0.446688 0.241 1  . 0.8122 l 36300 295.2 301.602 301.803 4.4914 0.15036 0.455692 0.2373 0.450971 0.2407 0.81158 a; l 36600 295.184 301.874 301.678 4.4889 0.15036 0.455683 0.2404 0.44967 0.2446 0.60699 I ----- �.185 301.945 301.951 4.4005 0.15037 0.481673 0.2387 0.48825 0.2343 0.80922 

�.1 94  302.007 302.005 4.4826 0.15038 0.4851 12 0.2383 0.478785 0.2283 0.60963 ' _L  J 
__ 5.193 302.071 302.085 4.4892 0.15038 0.483052 0.2442 0.48124 0.2433 0.2388 0.48702 0.80421 0.8091§1 o,,'uu 295.191 302.132 302.132 4.4818 0.15038 0.487155 0.2414 0.456117 0.2496 0.01037 0.60511 

38100 295.1 84  302.167 302.191 H801 0.15036 0.480404 0.2337 0.471373 0.2406 .22% 0.81529 
38400 295.181 302.241 302.249 4.4774 0.15036 0.018619 0.2313 0,49212 0.2271 0.81828 
38700 295.191  302.285 302.283 H764 0.15038 0.477196 0.2393 0.481854 0.2359 0.60761 
39000 295.202 302.337 302.341 4.4851 0.15036 0,472063 0.2447 0.482139 0.2524 -..: 0.60047 
39300 295.1 84  302.381 302.388 4.4826 0.15036 0.481302 0.2396 0.464003 0.2379 . 0.80684 
39600 295.201 302.42 302.421 4.4842 0.15036 0.481012 0.2408 0.487302 0.236 0.80547 
--- 295.188 302.483 302.484 4.4836 0.15036 0.480283 0.2433 0.453929 0.2838 0.80219 � �5.196 302.499 302.525 4.4566 0.15035 0.482358 0.2426 0.492059 0.2359 0.803()'( 

295.1 8  302.537 302.527 4.452 0.1503e 0.485014 0.2424 0.497151 0.2325 0.80323 
!95.184 302.566 302.561 4,4525 0.15036 0.486489 0.2421 0.478228 0.2491 0.2421 0.4856 0.80357 0.60361 

�5.206 302.601 302.596 4.4587 0.15036 0.491838 0.2383 0.504455 0.2283 0.004274 0.60827 0.003288 
, . �  295.1 66  302.625 302.626 4.4539 0.15036 0,494163 0.2379 0.489847 0.2414 0.88% 0.60885 0.41% 
41700 295.184 302.854 302.655 4.449 0.15038 0.466011 0.2454 0.4803613 0.2659 0.79922 
42000 295.192 302.883 302.71 1 4.4807 0.15036 0.486923 0.2454 0.478909 0.2544 0.79919 
42300 295.2 302.71 302.719 4.4493 0.15036 0.488381 0.2449 0.512159 0.2261 0.79961 .1 1 ] 
42600 295.188 302.736 302.74 4.4555 0.15038 0.494124 0.2416 0.500933 0.2362 0.60396 . J 
42900 295.183 302.756 302.756 4.4489 0.15037 0,496961 0.2385 0.501849 0.2382 O.6077f 
43200 295.196 302.774 302.775 4.4468 0.15036 0,498497 0.239 0.495405 0.2416 0.8070: 
43500 295.189 302.794 302.799 4.4483 0.15036 0.488935 0.2477 0.497e� 
43800 295.189 302.82 302.812 4.4451 0.15035 0.490579 0.2472 0.4891 n u."""' · I 0.79691 
44100 295.195 302.836 302.843 4.4481 0.15036 0.50048 0.2395 0.49599 0.2434 0.2422 0.49898 0.80636 0.803 
44400 295.194 302.852 302.848 4.4387 0.15036 0.497576 0.2424 0.504633 0.2363 0.004231 0.60278 0.003935 
44700 295.185 302.668 302.668 4.4416 0.15036 0.502432 0.2392 0.503426 0.2384 0.85% 0.60663 0.49% 
45000 295.189 302.878 302.873 4.4404 0.15036 0.49815 0.2424 0.499153 0.242 _I 0.6027 
45300 295.204 302.897 302.897 4.4348 0.15036 0.494489 0.2481 0.491493 0.2466 0.49891 0.7981 



.� 295.'8' 302.9' 302.908 � 4.4398 - 0.10036;""Q.SO,ila -0.24" 0.50" 27 0.24,7f '":;)i" T 0.2431 -:v T 0.008789f 0.80431 -�- _L -0.80211] 
45900 295.'73 302.92 302.92' 4.4384 0.'5036 0.500553 0.2428 0.5054" 0.2388 '" 1 .of' '.37%1 0.802'7 "f' 0.00'5'2 
48200 295.'93 302.933 302.928 4.443, 0.,5036 0.500784 0.2424 0.497307 0.245' -l- -+ -\. -\- -+ -l- L -l-- 0.80263\ J � 0.'9� 
48500 295.' 84  302.944 302.949 4.432 0.'5036 0.499447 0.2442 0.498'29 0.2454 
48500 295.'96 302.955 302.949 4.4305 0.'5036 0.499'84 0.2444 0.509428 0.2357 
47100 295.'88 302.966 302.96, 4.4373 0.'5038 0.500'6' 0.2442 0.487734 0.2544 
47400 295.202 302.976 302.983 4.4387 0.'5038 0.503554 0.24'3 0.483472 0.2582 0.2428 0.50208 0.8041 0.802'8 
47700 295.2 302.984 302.999 4.4379 0.'5036 0.507847 0.2382 0.507608 0.2387 0.002635 0.50769 
••• - ··-.'77 302.989 302.995 4.435 0.'5035 0.504337 0.24'8 0.525408 0.2243 .53% 0.80334 (,29% '.'86 302.998 302.99' 4.4407 0.'5035 0.499575 0.2459 0.5'38' 0.2338 0.79843 

15.'8 303.009 303.00' 4.4343 0.'5035 0.505008 0.24'8 0.495793 0.2492 0.80332 
�� 295.188 303.01 303.013 4.4348 O.15Q3.4 0.502599 0.2436 0.498499 0,2471 � / n. AfH � 7  • � 
49200 295.'65 303.024 303.02 4.4295 0.'5035 0.50'469 0.245' 0.509525 0.2382 
49500 295.'77 303.024 303.0'9 4.43" 0.,5035 0.50227 0.2446 0.499685 0.2467 v.''''''''' 49800 295.'73 303.037 303.038 4.4305 0.'5035 0.500082 0.247 0.488506 0.2567 0.79704 � J 50'00 295.,7, 303.038 303.045 4.4336 0.'5034 0.507235 0.24" 0.505796 0.2425 0.80408 
50400 295.,72 303.044 303.044 4.4353 0.'5035 0,497473 0.2495 0.5'2978 0.2384 0.794'2 1 50700 295.'95 303.055 303.046 4.4337 0.'5035 0.504687 0.243' 0.5'209 0.2368 0.2448 0.50276 0.80'73 0.79960< 
51000 295.192 303.Q5.C 303.047 4.4343 0.15035 0.513407 0.2358 0.501261 0.2458 0.004292 0.81038 O.()(J.441 1  
51300 295.181 303.056 303.06 4.427 0.15035 0.50353 0.2445 0.4199391 0.2481 0.85% O.8OC()3 0.55% 
5,600 295.'8 303.063 303.06 4.432 0.'5035 0.500023 0.2477 0.496285 0.249, 0.7962' 1 
5'900 295.,95 303.069 303.075 4.4287 0.'5034 0.50'894 0.2459 0.494722 0.252' 0.79839 1 1 1 1 
52200 295.'99 303.074 303.078 4.4365 0.'5034 0.498322 0.2489 0.5,74'3 0.233 0.79477 '\0' . ,  _I 
52500 295.'93 303.085 303.07' 4.4385 0.'5034 0.507725 0.24'9 0.5'2062 0.2374 l' +-- 0.80� 52600 295.'9 303.08 3 
53'00 295.'8 303.086 30 
53400 295.'74 303.084 3Q' 

I r· 
O,240� ;000. 

LCL0029521 
).58% 

- -��; '  :.:;- .-:;_y,....,..,., _ ;;.:; -'1 1 0.8'8441 
56400 295.187 302.0861 302.05Ill--.t4�O:i5b341 0.814651 --0.0'55 0.8'58791 -o.D1841 I 1 1 0.00284' 1 1 

0424 
:)3101 
0,39% 

58700 295.'84 30'.97 30'.964 4.4� 0.'50� 0.8'70'� -o.O'�L�51 -o.0'8ll J. .1 --L -l- 0.351!j. I I  1 I J 
57000 295.'78 _3Q1,B§j. 301.889 4 .. 1150:J.4 � 0.8'8779 -om8 0.82'32 :;; 

_ _  __. � _  __ . . . .. ... � � _. 1.479 0.'5034 0.82" 75 -0.0'94 0.8'8586 " I <T,l( 
578001 295.20' 30'.7'2 30,.704 4.4685 0.15035 0.822059 ' -0.0198 0.825467 ..,. 
"""01 ... ... 30'.638 30'.627 4.4836 0.'5035 0.82043, -0.0'85 0.8'923 -o.v"o • 

30,.563 30,.557 4.4862 0.,5035 0.8,8" 2 -0.0'67 0.8,8008 -0.0,72 
30'.497 301.488 4.4879 0.,5034 0.8'8958 -0.0'57 0.820605 -0.0'8' 

•. "'" 301.433 30,,425 4.4935 0.,5034 0.823576 -0.02 0.823434 -0.0'98 
1 ".,� • .0.'88 30',369 30'.36, 4.4988 0.'5034 0.8230'6 -0.0'94 0.82'625 -0.0'84 
I 59400 295,'94 30,.3'4 301.306 4 4965 0.,5034 0.824593 -0.0202 0.82'653 -0.0,83 -0.0,9 0.82278 

59700 295.'85 30'.255 30'.25 4.4988 0.'5033 0.825856 -0.0208 0.826558 -0.0213 0.003656 
SOOOO 295.'9 30'.205 30,.,99 4.5023 0.,5035 0.B24283 -0.0196 0.6284'4 -0.02' 0,47% 
!lO3OO 295.'95 301.'54 30'.'48 4.5089 0.'5034 0.820833 -0.0'73 0.82686' -0.02" 
eoeoo 295.2 30,.,'4 30,.,04 4.5052 0.,5034 0.62" 55 -0.0'73 0.8'900 -0.0,66 
60900 295.,87 30'.067 30'.063 4.5,2, 0.,5034 0.831738 -0.0238 0.825766 -0.020' -0.0,92 0.82389 

6'200 295.,93 30' .024 30'.0,9 4.5'28 0.,5034 0.629794 -0.0224 0.830528 -0.0229 I 0.003506 

6'500 295.204 300.984 300.98 4.�5'24 0.'5034 0.82" 8' <l.0,7 0.827'06 -0.0206 J. OA3% 



: 4 ",  .. 1 
� 

4. -0.0194 I 
.. ... -0.0187 .J. 

4.5205 0.15035 0.824021 -0.0184 0.824766 -0.0189 -' 
4.5151 0.15034 0.823699 -0.0182 0.823237 -0.0179 
4.5193 0.15034 0.824996 -0.0188 0.831Q8.4 -0.0224 

295.18 300.798 300.788 4.5157 0.15033 0.823215 -0.0177 0.826102 -0.0193 
295.182 300.769 300.764 4.5208 0.15034 0.830629 -0.022 0.827248 -0.0199 

�""" 295.184 300.743 300.736 4.5239 0.15034 0.82877 -0.0207 0.831235 -0.0222 
64200 295.176 300.719 300.713 4.5177 0.15034 0.827217 -0.0198 0.821 167 -0.0162 
84500 295.172 300.695 300.693 U242 0.15034 0.82892 -0.0207 0.828433 -0.0192 
84300 295.181 300.673 300.669 4.5292 0.15034 0.827924 -O.Q2 0.834172 -0.0236 
85100 2\)5.19 300.654 300.848 •. 5203 0.15033 0.828433 -0.0202 0.827956 -0.0199 
85<00 295.195 300.633 300.63 4.5219 0.15034 0.827256 -0.0194 0.829147 -0.0205 
85700 295.19 300.618 300.61 1 4.5281 0.15034 0.83049 -0.0212 0.831594 -0.0218 L 66000 295.177 �597 300.594 •. 5235 0.15034 0.829231 -0.0205 0.825426 -O.01E 

)(J.583 300.579 4.5223 0.15034 0.821173 -0.0158 0.830394 • 

0.57 300.561 4.5206 0.15034 0.824205 -0.0175 0.831375 ..(J 
295.177 300.555 300.547 4.5271 0.15035 0.831151 -0.0214 0.825232 . 

U/�I.N 295.18 300.539 300.535 4.5219 0.15034 0.828392 -0.0198 0.827586 -0.019] 
87500 295.179 300.527 300.52 4.524 0.15034 0.827829 -0.0194 0.828945 -0.0, 
87800 . 295.178 300.513 300.509 4.5322 0.15034 0.833548 -0.0228 0.829841 -0.0205 
88100 295.183 300.5 300.496 4.5262 0.15034 0.8304< -0.0208 0.833992 -0.0227 
88400 295.183 300.489 300.483 4.5285 0.15035 0.827055 -0.0188 0.830933 -0.021 
68700 295.168 300.48 300.474 4.5283 0.15034 0.823206 -0.0167 0.827076 -0.01881 
69000 295.189 300.471 300,463 4.5262 0.15035 0.833173 -0.0221 0.634472 -0.02281 

�96 

� 89300 295.187 300.458 300.452 •. 5279 0.15034 0.835383 -0.0233 0.8304" " """' 
,� 295.189 300.449 300.445 4.5307 0.15034 0.829103 -0.0198 0.8238 

-O.019E 

295.183 300.442 300.44 4.5317 0.15034 0.823709 -0.0168 0.82550 
'u<w 295.181 300.437 300.432 4.5337 0.15034 0.827695 -0.019 0.8329� 
70500 295.177 300.428 300.423 4.5317 0.15034 0.829468 -0.02 0.83784$ -0.0245 
70800 295.183 300.422 300.412 4.5305 0.15034 0.825137 -0.0175 0.831 193 -0.0 
71100 295.183 300.417 300.409 4.5261 0.15034 0.832141 -0.0214 0.823094 -0.0 
71400 295.183 300.406 300.403 •. 5323 0.15034 0.838592 -0.0249 0.631682 -0.021 1 ·  
71700 295.189 300.399 300.396 4.5343 0.15034 0.826395 -0.0181 0.840248 -0.0257 
72000 295.189 300.398 300.388 4.5317 0.15034 0.821394 -0.0153 0.63078 -0.0205 
72300 295.185 300.394 300.388 4.5356 0.15034 0.831397 -0.0209 0.82528 -0.0175 
72600 295.1 9  300.387 300.38 4.532 0.15035 0.83686 -0,0238 0.838531 -O.023€ 
72900 295.1901 300.38 300.373 •. 5334 0.15034 0.633017 -0.0218 0.631188 -0.0200 
73200 295.19 300.377 300.372 4.5235 0.15034 0.82719 -0.0185 0.820549 -O.Ol4S 
73500 295.18-t1 300.372 300.37 4.5301 0.15034 0.631867 -0.021 0.829215 -0.0196 
73800 295.183 300.367 300.364 4.5315 0.15035 0.829989 -0.02 0.833487 -O.021� 
74100 295.1 00  300.364 300.38 •. 5256 0.15034 0.83084 -0.0200< 0.63<496 -0 
74400 295.182 300.359 300.354 4.5305 0.15035 0.632374 -0.0213 0.828714 -0. 
74700 295.188 300.355 300.354 4.5326 0.15035 0.630065 -0.02 0.828734 . � 
7&lOO 295.184 300.353 300.349 4.52\) 0.15034 0.824235 -0.0168 0.829382 
'5300 295.187 300.352 300.348 4.532 0.15034 0.834674 -0.0225 0.838335 
I5800 2\)5.19 300.344 300.338 4.5294 0.1503€ 
I§800 295.188 300.344 300.339 4.5274 0.1503€ 
78200 295.195 300.341 300.334 4.5291 0.15035 0:829509 -0.0196 0.826157 -0.1 
78500 295.207 300.34 300.338 4.5349 0.15035 0.831668 -0.0207 0.830494 -O.O� 

I 78800 295.192 300.338 300.332 4.5287 0.15035 0.635438 -0.0228 0.637945 -0.0241 

�.- 295.176 300.332 300.329 4.527 0.15035 0.825941 -0.0177 0.8290137 -0.0196 
295.178 300.335 300.327 4.5339 0.15035 0.630818 -0.0203 0.B30643 -0.0202 

,u-<ll 295.203 300.327 300.325 •. 5238 0.15035 0.839173 -0.0247 0.633471 -0.0218 

.0178 

-0.0202 

I O·����I I I I I 
1·39% 

m 
0.00269 � 

0.8289 

0.83088 
0.004544 

�55'11 

D.83041 :5OOii2ii 
� 

0036081 1 . 
0.43% 



00.323 300.319 �.5324 0.15035 0.832396 -lJ.0211 0.831556 -0.0207 
760001 295.1811 3OO.3:2Sr-300.332\--4-:-5283\ 0.1 503§\ 0.82,9575\_-Q.0196I-o.e332481 -.{).02fsj' 
•• --- .... '1§.. 
78600 295.18i 300.321 300.318 4.5306 0.15035 0.831198 -0.0205 0.828685 -0.0191 1 
78900 295.194 300.319 300.317 4.5259 0.15034 0.829048 -0.0192 0.838437 -0.0243 . T 
79200 295.179 300.319 300.31 4.5325 0.15035 0.828574 -0.019 0.833091 -0.0214 -0.0205 0.83138 
79500 295.185 300.317 300.313 4.5297 0.1 5035 0.832oae -0.0209 0.82823 -om88 0.0029 
79500 295.179 300.315 300.309 4.5328 0.15035 0.829321 -0.0194 0.831825 -o.D2OO 0.35% 
50100 295.192 300.315 300.31 4.5312 0.15035 0.829417 -0.0194 0.!l30249 -0.0199 I 
50400 295.19 300.314 300.300 4.5309 0.15034 0.833Q57 -0.0217 0.82861S -0 n. n  
60700 295.165 300.311 300.31 4.5305 0.15035 0.830787 -0.0202 0.830933 .( 
81000 295.19a 300.312 300.306 4.5264 0.15034 0.83249a -0.0211 0.841074 .( 
81300 295.165 300.309 300.302 4.5292 0.15035 0.833926 -0.0219 0.!l3()393 .( 
81600 295.181 300.309 300.305 4.5311 0.15035 0.825501 -0.0175 0.827807 .( 
81900 295.175 300.309 300.302 4.5285 0.15035 0.826433 -0.0179 0�101 _� 
82200 295.185 300.307 300.303 4.2727 0.15034 0.759241 - "" -

82600 295.17� 300.307 300.299 . .•• . • . .  -91 •. .."oMl u.,oo""I-0.7582471 0.01911 0.7594631 0.01841 0.0047 
ow.31 4.2668 0.150351 0.7616021 0.0173I .o.756177J 0.0202 82600 295.174 300.304 _ .  

o.31W ;&0:10.11:" 300.302 300.2913 ".2692 ���I Q.t5��1 1 __ 0�O�06I_ O.7� �--.. - -- - . .  

.. ..  � ""'"  295.183 300.304 ;;;t- ;1- � 
295.19 300.299 

� 295.184 300.3 300.294 4.2 
94300 295.195 300.299 300.297 4. 
84600 295.166 300.297 300.297 4.2784 0.15033 0.756396 0.02 o.i66937 - -0-:0176 
84900 295.177 300.301 300.296 4.278 0.15033 0.749a57 0.023Q 0.786852 
85<00 295.183 300.302 3OO.29a 4.2712 0.15033 0.759247 0.0165 0.7613Q9 0.0174 
85500 295.183 300.299 300.293 4.2637 0.15033 0.756105 0.0202 0.766101 0.0146117jXji 
asaoo 295,165 300.301 300.291 4.27.04 0.15033 0.760978 C . .olJ6 0.756449 0.02 
aB1C . .001 295.179\ 300.2961 300.2941 4.44141 0.150341 0.813004\ -0.106\ 0.6027831 -0.0051 .J/ 

� 88400 21l,5.j84 300.295 300.292 4.2735 0.15033 1.103116 -0.1671 1.105296 -0.1662 



TabJe A.3 Abridged (kR') 1 1  spreadsheet for the third measurement cycle of 
experiment M7c2 . The evaluation shown in Columns 2 - 8 has included all the 
corrections to that given by the group in the N.H.E. Laboratories with the exception 
of the use of CpM = 490 JIC I The evaluation in Columns 9 - 1 2  includes the 
correction of this parameter to CpM = 450 JIC I 

Column I 
Column 2 

Column 3 

Column 4 
Column 5 

Column 6 

The elapsed time!s 
The total input powerlW 
Values of -CpM(d8/dt)/f{8) /WK-4 

Values of input power/(8) /WK-4 

The derived values of 109(kR') 1 6 1 ' 109(kR')1 7  1/WK-4, CpMlJK-I 

and the relevant regression coefficients. The arrows indicate the 
ranges of the fitting procedures 
The derived values of 1 09(kR') 1 8 1/WK-4, CpMlJK-I and the relevant 
regression coefficients. The arrows indicate the ranges of the fitting 
procedures; the dotted line indicates the linkage of the data for 
measurements in t I < t < t2 with those for t2 < T. 

Column 7 1 09(kR') I I derived from Columns 3 and 4 
Column 8 The l l-point running mean of l 09(kR')l l  
Column 9 Values of -450(d8/dt)/f{8) /WK-4 

Column 10  Values of l09(kR')l l /WK-4 based on Columns 4 and 9. 
Column I I  The I I-point running mean /WK-4 of 1 09 (kR') I I shown in Column 1 0  
Column 12 The rate of excess enthalpy generation/W based on the "true heat 

transfer coefficient, (kR')I2" = 0.85065 x 1 0-9 WK-4 

100 



1 2 3 4 5 6 7 

0 0.45874 0.003 0.84 1 4  0.8444 
300 0.45966 0.003 0.84483 0.84783 
600 0.4581 4  0 0.84159 0.84159 
900 0.45853 -0.003 0.84085 0.83785 

1 200 0.45886 -0.0015 0.84401 0.84251 
1 500 0.4586 0 0.84161 0.84161 
1 800 0.4591 7  0.00601 0.84427 0.85028 
2 1 00 0.45835 0 0.84453 0.84453 
2400 0.45943 -0.00301 0.84682 0.84381 
2700 0.45943 0.00301 0.8457 0.84871 
3000 0.45803 0.0075 0.841 71 0.83421 
3300 0.45785 -0.001 5  0.84204 0.84054 
3600 0.45749 -0.003 0.84138 0.83838 o - 3900 0.45701 -0.001 5 0.84048 0.83898 
4200 0.4571 3  -0.001 5  0.8407 0.8392 
4500 0.45659 0.00451 0.83985 0.84436 
4800 0.456 1 8  0.003 0.8388 0.8418 

5 1 00 0.457 1 2  0.00 1 5  0.841 0.8425 

5400 0.45638 -0.001 5  0.83964 0.8381 4  

5700 0.45674 0.00 1 5  0.8376 0.8391 

6000 · 0.45632 0.006 0.83843 0.84443 

6300 0.45694 -0.0015 0.84021 0.83871 

6600 0.45776 -0.0045 0.84155 0.83705 

6900 0.45703 0.0015 0.8402 0.8417 

7200 0.45599 0.003 0.8381 4  0.84 1 1 4  

7500 0.457 1 2  0.001 5 0.83943 0.84093 

7800 0.45665 -0.00601 0.83984 0.83383 

8 1 00 0.45727 0 0.83951 0.83951 

8400 0.45644 0.00602 0.84136 0.84738 

8700 0.45479 -0.00301 0.8372 0.84021 --

8 9 1 0  

0.00276 0.84416 
0.00276 0.84759 

0 0.84159 
-0.00276 0.8381 
-0.001 38 0.84263 

0.84339 0 0.84161 
0.84304 0.00552 0.84979 
0.8421 8  0 0.84453 
0.84195 -0.00276 0.84407 
0.84207 0. 00276 0.84846 
0.84224 0.00689 0.8486 
0.84226 -0.00 1 38 0.84066 
0.84155 -0.00276 0.83863 

0.84097 -0.001 38 0.8391 

0.84054 -0.00138 0.83932 

0.84015 0.00414 0.84399 

0.84056 0.00276 0.84156 

0.84024 0.00138 0.84238 

0.84054 -0.00138 0.83826 

0.84074 0.00138 0.83898 

0.8409 0.00552 0.84395 

0.83994 -0.001 38 0.83832 

0.83973 -0.0041 3  0.83742 

0.84018 0.00138 0.84158 

0.84036 0.00276 0.8409 

0.84056 0.00138 0.84081 

0.83979 -0.00552 0.83432 

0.84015 0 0.83951 

0.84107 0.00552 0.84688 

0.84033 -0.00276 0.83445 

1 1  

0.84465 
0.84433 
0.84352 
0.84329 

0.8434 
0.84352 
0.84352 
0.84285 
0.84228 
0.84181 

0.8414 
0.84047 
0.840 1 7  
0.84044 

0.84061 
0.84074 
0.83986 
0.83968 

0.84009 

0.83974 
0.83992 
0.83921 
0.83957 

0.84038 

0.83971 

1 2  

-0.00035 
-0.002 1 8  

0.00108 
0.00298 
0.00051 
0.00106 

-0.00339 
-0.00054 
-0.00029 
-0.00268 
-0.00276 
0.00156 
0.00266 

0.0024 

0.00228 

-0.00027 
0.00105 

0.0006 
0.00283 
0.00245 

-0.00026 
0.0028 

0.00205 

0.001 02 
0.00138 
0.001 43. 
0.00495 

0.002 1 3  
-0.00188 

0.00487 

.� 

.., 
'" 
0-
,.-
?> 
w 



B 

9000 0.45528 0.00301 0.83826 0.84127 0.84004 0.00276 0.84102 0.83944 0.00 1 3  9300 0.45528 -0.00 1 5  0.8375 0.836 0.83942 -0.00 1 38 0.83612 0.83886 0.00396 9600 0.45506 0.00451 0.83815 0.84266 0.84047 0.00414 0.84229 0.8398 0.0006 9900 0.45492 0.00754 0.8394 0.84708 0.84082 0.00692 0.84632 0.840 1 3  0.00177 1 0200 0.45569 -0.00602 0.83968 0.83366 0.83938 -0.00552 0.83416 0.83879 0.00501 1 0500 0.45536 -0.00151 0.83938 0.83787 0.83928 -0.00.1 38 0.838 0.83922 0.00292 1 0800 0.45533 -0.003 0.8371 0.8341 0.83931 -0.00276 0.83435 0.83924 0.00491 1 1 1 00 0.45525 0.009 0.83647 0.84547 0.8403 0.00827 0.84474 0.840 1 7  -0.00075 1 1 400 0.4546 0.00302 0.84027 0.84329 0.83991 0.00277 0.84304 0.83982 0.0001 7 1 1 700 0.4557 -0.00752 0.83906 0.83154 0.83904 -0.00689 0.83 1 1 7  0.83904 0.00608 1 2000 0.45551 0 0.8391 8 0.8391 8 0.83971 0 0.839 1 8  0.83963 0.00226 1 2300 0.45453 0.00301 0.83849 0.8415 0.83962 0.00276 0.84125 0.83954 0.001 1 4  12600 0.45612 0.00602 0.84081 0.84683 0.83996 0.00552 0.84633 0.83984 -0.00162 12900 0.45587 -0.001 5  0.83987 0.83837 0.83991 -0.00138 0.83849 0.83981 0.00263 1 3200 0.45521 -0.001 51 0.83912 0.83761 0.83977 -0.00 1 39 0.83773 0.83968 0.00198 13500 0.45491 0.00301 0.83793 0.84094 0.8401 9 0.00276 0.84069 0.84006 0.00143 13800 0.4548 0 0.83696 0.83696 0.8398 0 0.83696 0.8397 0.00345 1 4 1 00 0.45427 0.0015 0.8363 0.8378 0.83992 0.00138 0.83768 0.8398 0.00306 14400 0.4551 5  0.00602 0.83887 0.84489 0.83962 0.00552 0.84439 0.83952 -0.00059 14700 0.45545 0.00301 0.83881 0.84182 0.83942 0.00276 0.841 57 0.83934 0.00094 1 5000 0.45528 -0.00301 0.839 1 4  0.83613 0.83962 -0.00276 0.83639 0.83955 0.00375 1 5300 0.45489 -0.00301 0.83793 0.83492 0.8401 -0.00276 0.83517 0.84001 0.00178 1 5600 0.45552 0.00451 0.83829 0.8428 0.8396 0.00414 0.84243 0.83954 0.00046 1 5900 0.45566 0.00301 0.84048 0.84349 0.83948 0.00276 0.84324 0.83943 0.00002 16200 0.45474 -0.00453 0.84069 0.83616 0.83921 -0.00416 0.83653 0.83919 0.00365 16500 . 0.45429 0.00301 0.83682 0.83983 0.83841 0.00276 0.83958 0.83842 0.002 16800 0.45497 0.00603 0.84017 0.8462 0.83866 0.00554 0.84571 0.83863 -0.00133 1 7 1 00 0.45406 -0.00451 0.83596 0.83145 0.83923 -0.004 1 4  0.83182 0.83937 0.00621 1 7400 0.45405 0 0.83654 0.83654 0.83931 0 0.83654 0.83944 0.00364 17700 0.4542 0.00302 0.83891 0.84193 0.83875 0.00277 0.84168 0.83891 0.00084 1 8000 0.45394 -0.001 5  0.83447 0.83297 0.83885 -0.00138 0.83309 0.83898 0.00552 1 8300 0.45431 0.00151 0.83735 0.83886 0.83901 0.00139 0.83874 0.839 1 6  0.00244 1 6600 0.45467 0.00752 0.83675 0.84127 0.83932 0.00691 0.84366 0.83934 -0.00024 1 8900 0.455 1 5  0.00452 0.8391 0.84362 0.84059 0.0041 5 . 0.84325 0.84056 -0.00002 1 9200 0.4551 8  -0.00151 0.83883 0.83732 0.84041 -0.00139 0.83744 0.84041 0.0031 3 



1 9500 0.45495 0 0.8373 0.8373 0.84015 0 0.8373 0.84018 0.00321 
1 9800 0.45525 0.00151  0.84008 0.84159 0.84041 0.00139 0.84147 0.84047 0.00094 
20100 0.45429 0.01055 0.838 0.84855 0.84 1 1 5  0.00969 0.84769 0.841 1 9  -0.00244 
20400 0.4544 0.00754 0.8384 0.84594 0.84158 0.00692 0.84532 0.84134 -0.001 1 6  
20700 0.45416 -0.00301 0.83763 0.83462 0.84036 -0.00276 0.83487 0.84022 0 .00451 
2 1 000 0.45524 -0.001 51 0.84058 0.83907 0.83995 -0.00139 0.8391 9 0.8399 0.00216 
21 300 0.45588 -0.00452 0.84033 0.83581 0.84069 -0.00415 0.836 1 8  0.84044 0.00379 I 2 1 600 0.45647 0.00302 0.84395 0.84697 0.84087 0.00277 0.84672 0.84084 -0.00192 
2 1 900 0.45449 0.00902 0.83698 0.846 0.8402 0.00828 0.84526 0.84024 -0.001 1 4  
22200 0.45527 -0.00903 0.83922 0.83019 0.83886 -0.00829 0.83093 0.839 0.00663 
22500 0.45497 -0.00603 0.8394 0.83337 0.83956 -0.00554 0.83386 0.83963 0.00503 
22800 0.45495 0.00602 0.83765 0.84543 0.84033 0.00553 0.8431 8  0.84032 -0.00002 
23100 0.45455 0.00754 0.83898 0.84367 0.8407 0.00692 0.8459 0.84064 -0.001 5  
23400 0.45497 0 0.84107 0.84107 0.83975 0 0.84107 0.83975 0.001 1 1  
23700 0.45482 -0.00601 0.83725 0.83124 0.83846 -0.00552 0.83173 0.83857 0.0061 9  
24000 0.45498 0.00601 0.83629 0.8423 0.83915 0.00552 0.84 1 81 0.8392 0.00071 
24300 0.45408 0.01 054 0.83704 0.84758 0.84183 0.00968 0.84672 0.84176 -0.00196 

53 
24600 0.45504 0.00151  0.83836 0.83987 0.84103 0.00139 0.83975 0.841 1 7  0.00182 
24900 0.4561 -0.00452 0.84108 0.83656 0.84017 -0.0041 5 0.83693 0.84014 0.00335 
25200 0.45398 -0.00603 0.8378 0.83177 0.84037 -0.00554 0.83226 0.84031 0.00587 
25500 0.45459 0 0.8378 0.8378 0.84108 0 0.8378 0.84105 0.00287 

25800 0.46166 0.00906 0.85376 0.86282 0.84106 0.00832 0.86208 0.84107 -0.01 027 

26100 0.45438 -0.00151  0.8381 0.83659 0.84042 -0.00139 0.83671 0.84048 0.00345 

26400 0.45398 -0.00301 0.83732 0.83431 0.84039 -0.00276 0.83456 0.84045 0.00461 

26700 0.454 1 4  0.00452 0.83875 0.84327 0.84009 0.0041 5  0.8429 0.84014 0.00009 

27000 0.45461 0.001 5 1  0.83851 0.83902 0.8407 0.00139 0.8399 0.84069 0.00171 

27300 0.45444 0.001 51 0.8406 0.8421 1  0.841 1 7  0.00139 0.84199 0.84074 0.00057 

27600 0.45404 0.00301 0.83746 0.84047 0.83452 0.00276 0.84022 0.83897 0.00153 

27900 0.45425 0.00151  0.83802 0.83953 0.84044 0.00139 0.83941 0.8401 1 0.00197 

28200 0.45383 -0.00301 0.83629 0. 83328 0.84097 -0.00276 0.83353 0.841 1 7  0.00516 

28500 0.45393 0.001 5 1  0.83694 0.83845 0.83999 0.00139 0.83833 0.84091 0.00255 

28800 0.45398 0.00453 0.83848 0.84301 0.64022 0.004 1 6  0.64264 0.84027 0.00021 

29100 0.45468 0.00603 0.83867 0.8447 0.84055 0.00554 0.84421 0.84022 -0.00065 

29400 0.45468 0.00604 0.84062 0.84666 0.84009 0.00555 0.84617 0.84069 -0.00171  

29700 0.45416 0 0.84013 0.84013 0.84072 0 0.8401 3  0.8406 0.00155 



30.0.00 0..4540.2 -0.00452 0..8370.1 0..83249 0..84174 -0..0.0415 0..83286 0..841 56 0..0055 
3030.0. 0..45438 0..0.0.30.1 0..8386 0..84161 0..83867 0..0.0.276 0..84136 0..84184 0..00089 
3060.0. 0..45459 0..0030.1 0..84271 0..84572 0..83529 0..00276 0..84547 0..84155 -0..0.0.134 
30.90.0. 0..4557 -0.0.0603 0..84138 0..83535 0..83189 -0.0.0.554 0..83584 0..84098 0..0.0.387 
31 20.0. 0..45399 0..0060.5 0..84044 0..84849 0..830.0.9 D.DD556 0..845 0..84169 -0..0.0.1 63 
3 1 500 0..4541 3 0..0.0.453 0..83994 0..84447 0..82776 0..00416 0..8441 0..84173 -0..0.0.061 I 31 80.0. 0..70.356 -0.00226 1 .2779 1 .2751 9  -0.0.20.76 1 .2770.4 0..841 54 I 32100 0..70.51 -0.26179 1 .29898 1 .0.371 9  -0..240.42 1 .0.5856 0.84204 
32400 0.70.321 -0.45041 1 .25513 r-- r-- 0..80472 0..82535 -0..41364 0.84149 0..841 54 0..0.0.0.82 
3270.0. 0..70179 -0.41048 1 .21 637 0..80.589 0..82382 -0..37697 0..8394 0..8420.4 0..0020.5 
330.0.0 0..70.1 1 2  -0.37648 1 . 1 8372 0..80.724 0..821 16 -0.34575 0..83797 0..84124 0..0.0.294 
3330.0. 0..70.187 -0.331 6  1 . 1 5849 0..82689 0..81 976 -0..30.453 0..85396 0..84147 -0.0.0668 
3360.0. 0..70.0.56 

. 
-0.31997 1 . 1 344 0..81 443 0..81 584 -0.29385 0..840.55 0..83926 0..0.0.147 

33900 0..70.2 1 4  -0.30.325 1 . 1 0.928 0..8060.3 0..8120.5 -0.2785 0..830.79 0..8371 1 0.. 0.0.768 
3420.0 0..70.51 9 -0.270.13 1 .0.9491 0.82478 0..81299 -0..24808 0..84683 0..8360.7 -0..0.0.252 
3450.0. 0..697 1 3  -0.2481 4  1 .06459 0..81645 0..81213 -0..22788 0..83871 0..8350.8 0..00406 

'i? 3480.0. 0..69704 -0.2253 1 .04524 0..8380.8 0..81 994 0..81 236 -0.20691 0..83833 0.83373 0.0.0305 
35100. 0..69542 -0.22456 1 .02792 454 0.80.336 0.81 236 -0.20623 0.82169 0.83126 0.01 435 
35400 0..69547 -0.20933 1 .01 268 0.9956 0.82524 0.80.285 0.81 293 -0.1 9224 0.820-44 0.82974 0..0.1 542 

35700 0..69474 -0.1 8442 0..99943 470 0..8150.1 0..81 1 3  -0.1 6937 0..8300.7 0..8286 0.0.0.891 

360.0.0 0..69373 -0. 1 73 1 9  0..98756 0.9995 0..81437 0..81051 -0.1 5905 0..82851 0..826 0.0.101 

3630.0. 0.:69334 -0.1640.1 0..97375 0..80.974 0.81 0.33 -0.1 5062 0.8231 3  0.82535 0..0.1 406 

36600. 0..6948 -0. 1 5091 0.96534 0..81443 0..81 1 92 -0.1 3859 0.82675 0.82478 0..0.1 1 6  

36900 0..69238 -0. 1 4 1 83 0.95415 0..81 232 0..81 259 -0. 1 3025 0.8239 0..8245 0..0.1 376 

3720.0. 0..69336 -0. 1 393 0.9461 8 0.80688 0.8 1 1 77 -0.1 2793 0..81 825 0..82369 0..0.180.3 

37500 . 0..69225 -0.1 2804 0..9358 0.80.776 0.81 1 32 -0..1 1 759 0..81821 0..82246 0..0.1823 

37800 0..69961 -0. 1 1 924 0..937 1 5  0.81791 0..81 0.99 -0..0.9763 0..83952 0..82149 0..00.248 

381 00  0..69799 -0. 10631 0..9272 0..820.89 0..81 0.53 -0.0.951 5  0.83204 0..82043 0..00.81 3  

3840.0 0..69142 -0.1 0.362 0..91381 0.81 0. 1 9  0..80.972 -0.09516 0..81 865 0.81 908 0.0.183 

38700 0..68971 -0.1 0.299 0.9060.3 0..81 319 0..8218 0..80.304 0..8091 2  -0.0.9458 0..81 1 45 0..81 768 0.02389 

39000 0.68936 -0.0.8826 0.89765 488 472 0.80939 0..80905 -0.0.8 1 06  0.8166 0.81 655 0..020.1 4  

3930.0. 0..69184 -0.0.8693 0..69762 0..9977 0..9993 0..81069 ' 0..80.932 -0.0.7983 0..81 779 0..81 632 0..0.1 928 

.39600 0..68947 -0.0.830.8 0..88778 0..80.47 0..80.871 -0.0.763 0..81 1 48 0..8160.9 0..0.2433 

3990.0. 0..68844 -0.0.7751 0..8831 0..80.559 0..80696 -0.0.71 1 8  0..81 1 92 0..81 377 0..0.240.8 

40.20.0. 0..68772 -0.06965 0..87536 0..80571 0..806 1 8  -0.06396 0..8 1 1 4  0..81 1 43 0..02467 



40500 0.68779 -0.06629 
40800 0.68872 -0.06099 
4 1 1 00 0.68799 -0.05447 
41 400 0.68725 -0.05934 
41 700 0.68751 -0.057 1 2  
42000 0.68729 -0.05392 
42300 0.68822 -0.04656 
42600 0.68693 -0.03833 
42900 0.68691 -0.0383 
43200 0.6871 3  -0.0462 
43500 0.68865 -0.04203 
43800 0.6871 -0.03198 
44100 0.68568 -0.031 91 

44400 0.6861 1 -0.02584 
I 44700 0.68593 -0.02879 , 

45000 0.68509 -0.03174 

45300 0.68584 -0.02271 

45600 0.68563 -0.02266 
&; 45900 0.68633 -0.02367 

46200 0.68466 -0.021 64 

46500 0.68444 -0.02163 

46800 0.68546 -0.0206 

47100 0.68567 -0.01 767 

47400 0.66554 -0.01 274 

47700 0.6651 1 -0.01368 

48000 0.68596 -0.01953 

48300 0.685 -0.01 169 

48600 0.68508 -0.01463 

48900 0.68428 -0.01 362 

49200 0.68452 -0.01264 

49500 0.68443 -0.01 358 

49800 0.68489 -0.00679 

501 00 0.68515 -0.01647 

50400 0.6849 -0.0097 

50700 0.665 -0.00097 

0.87234 

0.87173 

0.86565 

0.86101 

0.85875 

0.85616 0.80784 

0.85294 497 

0.84846 0.9984 

0.84775 

0.84496 

0.84137 

0.84073 

0.83707 

0.83484 

0.83391 

0.83231 

0.82938 0.80633 

0.82719 499 

0.82865 0.9987 

0.8245 

0.82423 

0.82344 

0.82401 

0.82278 

0.81 938 

0.82033 

0.81 738 

0.81817 

0.8154 

0.81488 

0.81297 

0.81 322 

0.81 298 

0.81 379 

0.81371 

0.81801 

475 

0.9991 
I 

, 

I 
I 
I 

I 
I 
I 
I 

I 

, 

I 
I 
I 

. -

0.80605 

0.81 074 

0.81 1 1 8  

0.80167 

0.80163 

0.80224 

0.80638 

0.81013 

0.80945 

0.79876 

0.79934 

0.80875 

0.80516 

0.809 

0.80512 

0.80057 

0.80667 

0.80453 

0.80498 

0.80286 

0.8026 

0.80284 

0.80634 

0.81 004 

0.8057 

0.8008 

0.80569 

0.80354 

0.80178 

0.80224 

0.79934 

0.80643 

0.79651 

0.80409 

0.81 274 

0.8061 1 -0.06088 0.81 1 46 0.81 099 0.02471 
0.80583 -0.05601 0.81 572 0.81 041 0.02138 

0.80578 -0.05002 0.81563 0.80999 0.02158 

0.80622 -0.0545 0.80651 0.81 009 0.02895 

0.80559 -0.05246 0.80629 0.80924 0.02921 

0.80502 -0.04952 0.80664 0.80846 0.029 

0.80526 -0.04276 0.81018 0.80845 0.02629 

0.80475 -0.0352 0.8 1 326 0.80772 0.02387 

0.80456 -0.03517 0.81 256 0.8073 0.02444 

0.80487 -0.04243 0.80253 0.80739 0.0327 

0.80477 -0.0386 0.80277 0.8071 1 0.03262 

0.80518 -0.02937 0.81 1 36 0.80728 0.02584 

0.80501 -0.02931 0.80777 0.80693 0.02863 

0.80454 -0.02173 0.8131 1 0.80636 0.02433 

0.80394 -0.02644 0.80747 0.80563 0.02899 

0.80429 -0.0291 5  0.80316 0.8058 0.03255 

0.80461 -0.02086 0.80852 0.80596 0.02826 

0.80439 -0.02081 0.80638 0.80563 0.0301 

0.80483 -0.02174 0.80691 0.80593 0.02963 

0.80453 -0.01 987 0.80463 0.80554 0.0316 

0.80414 -0.01986 0.80437 0.80508 0.03122 

0.8046 -0.01 892 0.80452 0.8054 0.03176 

0.80432 -0.01623 0.80778 0.80505 0.02903 

0.80407 -0.01 1 7  0.8 1 1 08 0.80474 0.02631 

0.80382 -0.01 256 0.80682 0.80441 0.02996 

0.80351 -0.01 794 0.80239 0.80403 0.03366 

0.80385 -0.01 074 0.80664 0.80427 0.03017 

0.80328 -0.01 344 0.80473 0.80366 0.03174 

0.80307 -0.01251 0.80289 0.8034 0.03335 

0.80332 -0.01 161 0.80327 0.80356 0.03306 

0.80302 -0.01247 0.8005 0.80322 0.03546 

0.80281 -0.00624 0.80698 0.80296 0.03001 

0.80237 -0.01513 0.79785 0.8025 0.03772 

0.80178 -0.00891 0.80488 0.80193 0.03175 

0.8021 -0.00089 0.81 282 0.80219 0.02507 

"" ��, 



o '" 

51000 
51 300 
51 600 
51 900 
52200 
52500 
52800 
53100 
53400 
53700 
54000 
54300 
54600 
54900 
55200 
55500 
55800 
561 00 
58400 
56700 
57000 
57300 
57600 
57900 
58200 
58500 
58800 
59100 
59400 
59700 
60000 
60300 
60600 
60900 
61 200 

0.6839 
0.68465 
0.6841 5 
0.68527 
0.68557 
0.68373 
0.6841 5 

0.6836 
0.43406 
0.43526 
0.43444 
0.43601 
0.43581 
0.43757 
0.43876 
0.43831 
0.43967 
0.44056 
0.44043 
0.44145 

0.44 1 8  
0.44294 
0.44254 
0.44294 
0.4431 8  
0.44402 
0.44483 
0.44489 
0.44481 

0.4454 
0.44637 
0.44582 
0.44686 
0.44697 
0.44691 

-0.00872 
-0.01258 
-0.01 065 
-0.01 549 

-0.0058 
-0.00097 
-0.00386 
-0.00386 

0.0029 
0.1 6243 
0.30301 
0.28688 

0.2687 
0.262 

0.25298 
0.23977 
0.22829 
0.2 1 6 1 8  
0.21021 
0.20265 
0.1 9524 
0.18519 
0. 1 7757 
0. 1 6746 
0. 1 5843 
0.1 5752 

0. 1481 
0.14331 
0.1 3822 
0.1 2927 

0. 1 1 76 
0.1 1 332 
0.1 1 792 
0.1 0967 
0.09468 

0.81 1 1  I 
0.81 1 1 4 , 

0.8 1 1 4  ...l 
0.81 258 I 

0.81 1 1 6 I 
0.80923 I 

0.8081 I 
0.80707 
0.51 324 � 
0.51521 I 
0.52504 I 

0.53742 ==- 0.81801 
0.54729 475 
0.55937 0.9991 
0.57107 
0:57967 
0.59088 
0.601 1 4  
0.60951 
0.61 887 0.81 337 
0.62871 476 
0.63965 0.9955 
0.64571 0.8218 
0.65354 472 
0.66145 0.9993 

0.669 
0.67789 

0.6843 
0.69067 
0.69807 
0.70633 
0.71 095 
0.71 694 I 'V 0.8298 
0.72329 505 �0.82524 
0.72969 0.9979 470 

0.80239 0.80265 -0.00801 0.80309 0.80265 0.0333 
0.79856 0.80309 -0.01 1 55 0.79959 0.80302 0.03629 
0.80075 0.8028 -0.00978 0.80162 0.80269 0.03454 
0.79709 0.80589 -0.01423 0.79835 0.80297 0.03729 
0.80536 0.80772 -0.00533 0.80583 0.80198 0.03105 
0.80826 0.80802 -0.00089 0.80834 0.80081 0.02891 
0.80424 0.80974 -0.00036 0.80775 0.80084 0.02946 
0.80321 0.81 206 -0.00355 0.80353 0.8008? 0.03305 
0.51614 0.00266 0:5159 0.80077 
0.67764 0.14917 0.66438 0.80089 
0.82805 0.81 376 0.27827 0.80331 0.80059 0.03245 

0.8243 0.81 577 0.26346 0.80088 0.80063 0.03379 
0.81 599 0.81 686 0.24677 0.79406 0.80067 0.03859 

· 0.82137 0.8179 0.24061 0.79998 0.80108 0.03327 
0.82405 0.81 947 0.23233 0.8034 0.801 1 6  0.03005 
0.81944 0.82135 0.2202 0.79987 0.80159 0.03224 
0.81917 0.82106 0.20965 0.80053 0.802 1 5  0.03123 
0.81 732 0.82097 0.19853 0.79967 0.80239 0.03138 
0.81 972 0.82142 0.1 9305 0.80256 0.80408 0.02885 
0.82152 0.82129 0 ,186 1 1  0.80498 0.80471 0.02675 
0.82395 0.82151 0.1 793 0.80801 0.80564 0.02422 
0.82484 0.822 1 1  0.1 7007 0.80972 0.80692 0.02268 

. 0.82328 0.82288 0.1 6307 0.80878 0.80832 0.02308 
0.821 0.82393 0.1 5379 0.80733 0.80995 0.02381 

0.81 988 0.82462 0. 1455 0.80695 0.81 1 24 0.02091 
0.82652 0.82484 0.1 4466 0.81 366 0.81 209 0.0191 
0.82599 0.82487 0.13601 0.8139 0.81 273 0.D1 873 
0.82761 0.82578 0. 1 31 61 0.81591 0.8 1 4 1 4  0.01 723 
0.82889 0.82666 0.1 2694 0.81761 0.81 552 0.01598 
0.82734 0.82697 0. 1 1 872 0.81 679 0.81 637 0.01 635 
0.82393 0.82739 0.108 0.81 433 0.8173 0.01775 
0.82427 0.8279 0.10407 0.81 502 0.81 829 0.01 7 1 7  
0.83486 0.82802 0.1 0829 0.82523 0.81 887 0.0107 
0.83296 0.82796 0.1 0072 0.82401 0.81 926 0.01 1 36 
0.82437 0.8279 0.08695 0.81 664 0.81 967 0.01 577 



61 500 
61800 
62100 
62400 
62700 
63000 
63300 
63600 

, 63900 
64200 
64500 
64800 
65100 
65400 
65700 
66000 
66300 

s 66600 
66900 
67200 
67500 
67800 
68100 
68400 
68700 
69000 
69300 
69600 
69900 
70200 
70500 
70800 
71 1 00 
71400 
71 700 

0.4476 0.08984 0.73473 0.9995 
0.44775 0.093 0.73912 
0.4481 7 0.08517 0.74208 
0.44733 0.08287 0.74409 
0.44797 0.07673 0.75155 

0.4474 0.07416 0.75234 
0.4482 0.07596 0.75797 

0.44867 0.06941 0.76268 
0.44774 0.06686 0.76369 11'0.83188 
0.44872 0.0643 0.76797 510 
0.44947 0.05763 0.77366 0.9987 
0.44814 0.05652 0.77535 
0.44838 0.051 1 1  0.77954 
0.44931 0.05121 0.78268 
0.44866 0.04987 0.78282 
0.44845 0.03865 0.78595 
0.448 1 9  0.040 1 8  0.78746 
0.44917 0.04453 0.79001 
0.44839 0.04036 0.79149 
0.44871 0.03756 0.79373 
0.44994 0.0391 0.79791 
0.44904 0.03488 0.79904 
0.44942 0.0291 2 0.80141 
0.44936 0.026 1 9  0.8005 
0.44907 0.032 1 9  0.80449 

0.4493 0.03226 0.80664 
0.44972 0.02351 0.8091 1 
0.44987 0.01 764 0.80959 
0.45018 0.02059 0.81062 
0.44988 0.02208 0.81 091 

0.4497 0.01623 0.81244 
0.44904 0.02363 0.81204 
0.44997 0.02665 0.8 1 549 
0.45027 0.01 1 87 0.81 808 

_ .0,44988 _ 0.00742 _ 0.81 753>- - - ----

0.82457 
0.83212 
0.82725 
0.82696 
0.82828 

0.8265 
0.83393 
0.83209 
0.83055 
0.83227 
0.83129 
0.83187 
0.83065 

. 0.83389 
0.83269 

0.8246 
0.82764 
0.83454 
0.83185 
0.83129 
0.83701 
0.83392 
0.83053 
0.82669 
0.83668 

0.8389 
0.83262 
0.82723 
0.83121 
0.83299 
0.82867 
0.83567 
0.84214 
0.82995 
0.82495 

0.82783 0.08251 0.81 724 0.81 999 0.01 532 
0.82873 0.08541 0.82453 .0.82122 0.01081 
0.82945 0.07822 0.8203 0.82225 0.01 333 
0.82905 0.0761 1 0.8202 0.82224 0.01 333 
0.82899 0.07047 0.82202 0.82251 0.01 212 
0.82962 0.068 1 1  0.82045 0.82342 0.01 303 
0.83065 0.06976 0.82773 0.82433 0.00864 
0.83051 0.06374 0.82642 0.82451 0.00937 
0.831 1 2  0.0614 0.82509 0.82536 0.01 0 1 1  
0.83164 0.05905 0.82702 0.82613 0.00895 

0.8313 0.05293 0.82659 0.82608 0.00914 
0.83141 0.05191 0.82726 0.82643 0.0087 
0.83146 0.04694 0.82648 0.82671 0.0091 1 
0.83144 0.04703 0.82971 0.82691 0.00723 
0.83151 0.0458 0.82862 0.8272 0.00784 
0.83194 0.0355 0.82145 0.82782 0.01 1 89 
0.832 1 8  0.0369 0.82436 0.82822 0.01021 
0.83206 0.0409 0.83091 0.82831 0.00647 

0.8317 0.03707 0.82856 0.82813 0.00777 
0.83195 0.03449 0.82822 0.82852 0.00794 
0.83251 0.03591 0.83382 0.82922 0.00476 
0.83324 0.03203 0.83107 0.83006 0. 00629 
0.83321 0.02674 0.8281 5  0.8301 9  0.00791 

0.8329 0.02405 0.82955 0.83007 0.00914 
0.83301 0.02956 0.83405 0.8303 0.00457 
0.83277 0.02963 0.83627 0.83023 0.00332 
0.83265 0.02 1 59 0.8307 0.83022 0.00641 
0.83339 0.0162 0.82579 0.83 1 03 0.00913 
0.83334 0.01891 0.82953 0.831 1 0.00705 
0.83318 0.02028 0.831 1 9  0.83108 0.00612 
0.83303 0.01491 0.82735 0.83104 0.00822 
0.83316 0.0217 0.83374 0.83127 0.00468 
0.83353 0.02447 0.83996 0.83169 0.00123 
0.83385 0.0109 0.82898 0.83205 0.00727 
0.83423 0.00681 0.82434 0.83248 0.00982 



� 

72000 0.45047 0.01 632 0.81 863 0.83495 0.83428 0.01 499 0. 83362 0.8326 0.00471 
72300 0.44996 0.02083 0.81 959 0.84042 0.8348 0.019 1 3  0.83872 0.83315 0.0019 
72600 0.45014 0.01491 0.82168 0.83659 0.83482 0.01 369 0.83537 0.83326 0.00372 
72900 0.44865 0.01 1 92 0.81 883 0.83075 0. 83405 0.01 095 0.82978 0.83262 0.00678 
73200 0.44964 0.0149 0.82053 0.83543 0.83386 0.01 368 0.83421 0.83248 0.00435 
73500 0.44985 0.01 1 93 0.82157 0.8335 0.83509 0.01 096 0.83253 0.83366 0.00527 
73800 0.44897 0.01 1 97 0.82245 0. 83442 0.83536 0.01 099 0.83344 0.83396 0.00475 
74100 0.44973 0.01 345 0.8225 0.83595 0.83436 0.01 235 0.83485 0.83309 0.00399 
74400 0.45005 0.00898 0.82467 0.83365 0.83405 0.00825 0.83292 0.83284 0.00503 
74700 0.44948 0.00449 0.82333 0.82782 0.83446 0.00412 0.82745 0.8333 0.00801 
75000 0.44993 0.01 374 0.82478 0.83852 0.83478 0.01 262 0.8374 0.83365 0.00258 
75300 0.44954 0.012 0.82586 0.83786 0.83442 0.01 1 02 0.83688 0.83334 0.00285 
75600 0.44924 0. 0045 0.82498 0.82948 0.83442 0.00413 0.8291 1 0.83338 0.00708 
75900 0.44952 0.00601 0.8271 · 0.8331 1 0. 83504 0.00552 0.83262 0.83399 0.0051 5  
76200 0.4504 0.00452 0.83075 0.83527 0.835 0.00415 0.8349 0.83397 0.0039 
76500 0.44946 0.01 202 0.82701 0.83903 0.83574 0.01 1 04 0.83805 0.83469 0.0022 
76800 0.44921 0.0045 0.82503 0.82953 0.8354 0.00413 0.82916 0.83441 0.00704 
77100 0.45025 0.0075 0.82691 0.83441 0.83493 0.00689 0.8338 0.83401 0.00451 
77400 0.44873 0.01 358 0.8292 0.84278 0.83518 0.01247 0.84167 0.83426 0.00022 
77700 0.4494 0.00601 0.82716 0.83317 0.83541 0.00552 0. 83268 0.8345 0.0051 
78000 0.45002 0.00752 0.82848 0.836 0.8352 0.00691 0.83539 0.8343 0.00362 
78300 0.44975 0.00602 0.82878 0.8348 0 .. 83465 0. 00553 0.83431 0.83383 0.0042 

78600 0.44902 0.00302 0. 82964 0.83266 0. 83536 0.00277 0.83241 0.83453 0.00522 

78900 0.45004 0.00301 0.82917 0.832 1 8  0. 83536 0.00276 0.83193 0.83456 0.00549 

79200 0.44962 0.00603 0.82967 0.8357 0. 83475 0.00554 0.83521 0.83402 0.0037 

79500 0.45008 0.00301 0.82991 0.83292 0.83515 0.00276 0. 83267 0.83442 0.00508 

79800 0.44984 0.001 51 0.83152 0. 83303 0.83455 0.00139 0.83291 0.83389 0. 00493 

80100 0.4498 0.00604 0.83129 0. 83733 0.83412 0. 00555 0.83684 0.83349 0.0028 

80400 0.44974 0.00302 0.83136 0. 83438 0.00277 0.83413 0. 00427 

80700 0.44909 0.00454 0.83158 0.83612 0.00417 0.83575 0.00338 

81 000 0.44954 0.00604 0.8315 0.83754 0.00555 0.83705 0. 00268 

81 300 0.44983 -0.001 51 0.83092 0.82941 -0.00139 0.82953 0.00675 

81 600 0.44914 0.001 51 0.82853 0. 83004 0.00139 0. 82992 0.00654 

81900 
82200 



Table A.4 The combined (kR')2 1  and (kR')3 1  spreadsheet for the whole of the 
third measurement cycle of experiment M7c2 

Column I 

Column 2 

Column 3 
Column 4 
Column 5 

Column 6 

Column 7 

Column 8 

Column 9 
Column 10  

Column I I  

Column 1 2  
Column 13  

The elapsed timels 
109 CpM (9 - 90)/ j f(9)dr. /WK-4 

Here 90 = 300.3 1 45K (the average of the last I I  measurements) 
109 jinput dr./ j f(9)dr. /WK-4 
1 09 (kR')2 1  /WK-4 
1 09(kR')25 1 /WK-4, CpMlJK-1 , correlation coefficient. 
The arrows indicate the ranges of the fitting procedures. 
1 09(kR'h61 /WK-4, CpMlJK-1 , correlation coefficient. 
The arrows indicate the ranges of the fitting procedures. 
1 09 CpM(9-90�9)d-r: /WK-4 
Here 90 = 300.353K (the initial value ofthe cell temperature) 
] 09 }nput dr./ j f(9)d-r: /WK-4 
1 09 (kR')3 1  /WK-4 

] 09(kR')351  /WK-4, CpMlJK-1, correlation coefficient. 
The arrows indicate the ranges of the fitting procedures. 
1 09 CpM(9-90)£l jf(9)dr. /WK-4 (evaluation of(kR')32). 
Here 90 = 300J 1 75K, the average of the 1 1  measurements preceding 
the application of the calibration pulse. 
1 09 £l jinput d-r:/£l jf(9)d-r: /WK-4 (evaluation of (kR')32) 
1 09(kR')32 /WK-4 

109 



1 2 3 4 5 6 

o 

300 0.00037 0.82542 0.82579 
600 0.00038 0.82536 0.82574 
900 0.00035 0.8253 0.82566 

1 200 0.00038 0.82525 0.82563 
1 500 0.00038 0.8251 9 0.82557 
1 800 0.0004 0.82514 0.82553 
2 1 00 0.00038 0.82508 0.82546 
2400 0:00036 0.82501 0.82537 
2700 0.00038 0.82495 0.82533 
3000 0.00038 0.82488 0.82526 
3300 0.00036 0.82481 0.8251 8  
3600 0.00033 0.82476 0.82509 
3900 0.00038 0.8247 0.82508 
4200 0.00036 0.82465 0.82501 
4500 0.00039 0.8246 0.82499 
4800 0.00037 0.82455 0.82491 
5 1 00 0.00036 0.8245 0.82486 

· 5400 0.00035 0.82445 0.8248 
5700 0.00035 0.82439 0.82475 
6000 0.00036 0.82434 0.82471 
6300 0.00035 0.8243 0.82464 
6600 0.00033 0.82424 0.82457 
6900 0.00036 0.8241 9  0.82454 
7200 0.00036 0.824 1 3  0.82449 
7500 0.00035 0.82408 0.82443 
7800 0.00034 0.82403 0.82437 

8 1 00 0.00034 0.82397 0.82431 

8400 0.00039 0.82392 0. 8243 

8700 0.00034 0.82386 0.8242 
9000 0.00035 · 0.8238 0.8241 5  

7 8 

0.0036 0.84312 
-0.0027 0.84317 
0.0012 0.84261 

0.0001 5 0.84263 
0.00132 0.84267 

0.0001 0.84271 
-0.00077 0.84295 
0.00008 0.84329 
0.00007 0.84362 

-0.00054 0.84363 
-0.00131 0.84347 

-0.0002 0.8433 
-0.00065 0.84309 
0.00004 0.84282 

-0.00036 0.84257 
-0.00053 0.84237 
-0.00067 0.84222 

-0.0003 0.842 1 5  
-0.00044 0.84198 
-0.00072 0.84179 
-0.00097 0.84167 
-0.00052 0.84163 

-0.0005 0.84159 

-0.0006 0.84147 

-0.0007 0.84137 

-0.00067 0.8413 

-0.0002 0.84124 

-0.00062 0.84121 

-0.0006 0.84 1 1 4  

9 

0.83952 

0.84587 
0.84141 
0.84248 
0.84135 
0.84139 
0.84372 
0.84322 
0.84355 
0.84417 
0.84478 

0.8435 
0.84373 

0.84278 
0.84293 
0.84289 

0.8429 
0.84245 
0.84243 
0.84251 
0.84264 
0.842 1 5  
0.84208 
0.84207 
0.84206 
0.84197 
0.84144 

0.84183 
0.84174 

1 0  1 1  1 2  1 3  

-l 
'" or 
;:;-
>­J,. 



9300 0.00037 0.82376 0.82412 -D. 00068 0.84103 0.84171 
9600 0.00033 0.8237 0.82403 -D.00076 0.84093 0.84168 
9900 0.00038 0.82365 0.82404 -0.00026 0.84083 0.84109 

1 0200 0.0003 0.8236 0.8239 -0.00098 0.84077 0.84175 
1 0500 0.00033 0.82354 0.82387 -0.00069 0.84073 0.84142 
1 0800 0.00034 0.82349 0.82383 -0.00058 0.8407 0.84128 
1 1 1 00 0.00034 0.82343 0.82378 -D.00057 0.84063 0.8412 
1 1400 0.00037 0.82338 0.82375 -D. 00039 0.84053 0.84092 
1 1 700 0.00035 0.82333 0.82367 -D.00101 0.84047 0.84148 
1 2000 0.00034 0.82327 0.82361 -0.00052 0.84041 0.84094 
12300 0.00035 0.82322 0.82356 -D.00059 0.84039 0.84097 
1 2600 0.00035 0.8231 6  0.82351 -D.0005 0.84035 0.84085 
1 2900 0.00032 0.8231 0.82341 -D.0007 0.84033 0.84103 
1 3200 0.00031 0.82303 0.82334 -0.00076 0.84033 0.84109 
1 3500 0.00033 0.82297 0.8233 -D.0OO6 0.84032 0.84092 
1 3800 0.00032 0.82291 0.82323 -D. 00065 0.84028 0.84093 
14100 0.00031 0.82286 0.82317 -D.00071 0.84021 0.84092 
1 4400 0.00032 0.82281 0.82313 -D.00063 0.84014 0.84076 
1 4700 0.0003 0.82275 0.82305 -D.00074 0.84008 0.84082 ! 
1 5000 0.00028 0.82269 0.82297 -0.00085 0.84006 0.84091 
1 5300 0.00028 0.82263 0.82291 -0.00083 0.84004 0.84087 
1 5600 0.00031 0.82257 0.82278 -D. 0007 0.84 0.8407 
1 5900 0.00031 0.82251 0.82281 -0.00068 0.83996 0.84065 
1 6200 0.00027 0.82244 0.82271 -D.00084 0.83995 0.84079 
1 6500 0.00029 0.82237 0.82286 -0.00077 0.83996 0.84073 
1 6800 0.00031 0.82231 0.82262 -D. 00065 0.83994 0.84059 
1 7 1 00 0.00026 0.82225 0.82251 -0.00085 0.83992 0.84076 
1 7400 0.00027 0.82219 0.82245 -D. 00083 0.83988 0.84072 
1 7700 0.0003 0.8221 3  0.82243 -D.00066 0.83982 0.84049 
1 8000 0.00027 0.82207 0.82234 -0.00081 0.83979 0.84059 
1 8300 0.00028 0.82201 0.82229 -D. 00074 0.83973 0. 84048 
1 8600 0.00028 0.82196 0.82224 -0.00073 0.83967 0.8404 
1 8900 0.00027 0.82189 0.8221 7  -0.00077 0.83963 0.8404 
1 9200 0.00022 0.82 1 83 0.82205 -D.00095 0.8396 0.84055 
1 9500 0.00024 0.82176 0.822 -0.00088 0.83959 0.84048 



1 9800 0.00024 0.82 1 7  0.82193 -0.00087 0.83957 0.84044 
201 00 0.00024 0.82163 0.82186 -0.00086 0.83956 0.84041 
20400 0.00023 0.82156 0.82178 -0.00089 0.83955 0.84044 
20700 0.0001 5 0.82149 0.82164 -0.00 1 1 4  0.83953 0.84067 
21000 0.0001 7 0.82142 0.82159 -0.00108 0.83951 0.84055 
21 300 0.0001 8 0.82135 0.82153 -0.00102 0.8395 0.84052 
21 600 0.000 1 8  0.82127 0.82145 -0.00101 0.83951 0.84052 
21 900 0.00022 0.821 1 8  0.8214 -0.00087 0.83955 0.84042 
22200 0.00016 0.821 1 0.82126 -0.00106 0.83956 0.84063 
22500 0.0001 5 0.82103 0.821 1 7  -0.00109 0.83954 0.84063 
22800 0.00023 0.82095 0.821 1 9  -0.00079 0.83954 0.84033 
23100 0.0002 0.82088 0.821 08 -0.0009 0.83953 0.84043 
23400 0.00019 0.8208 0.82099 -0.00093 0.83951 0.84044 
23700 0.00014 0.82072 0.82086 -0.00107 0.83952 0.84059 
24000 0.0001 9 0.82064 0.82083 -0.00091 0.83951 0.84042 
24300 0.000 1 9  0.82057 0.82076 -0.0009 0.83948 0.84037 
24600 0.00014 0.8205 0.82064 -0.00103 0.83944 0.84048 

N 24900 0.0001 0.82043 0.82053 -0.001 1 3  0.83942 0.84055 
25200 0.00013 0.82035 0.82047 -0.00104 0.83943 0.84047 
25500 0.00014 0.82026 0.82044 -0.001 0. 83943 0.84042 
25800 0.000 1 8  0.82019 0.82036 -0.00088 0.83941 0.84029 

, 
26100 0.00014 0.82007 0.82017 -0.00097 0.83948 0.84045 
26400 0.0001 0.81996 0.82006 -0.00107 0.83956 0.84062 
26700 0.00015 0.81988 0.81 999 -0.00092 0.83954 0.84045 
27000 0.00013 0.8198 0.81 991 -0.00097 0.83952 0.84049 
27300 0.00012 0.81971 0.81 983 -0.001 0.83951 0.8405 

27600 0.00012 0.8 1 962 0.81 974 -0.00099 0.83951 0.84049 

27900 0.0001 0.81 954 0.8 1 964 -0.00101 0.8395 0.84051 
28200 0.00009 0.81 945 0.81 954 -0.00103 0.83948 0.84051 
28500 0.00009 0.81 937 0.8 1 946 -0.00102 0.83946 0.84048 

28800 0.00012 0.81 929 0.81 941 -0.00094 0.83943 0.84037 

29100 0.00008 0.81921 0.81 928 -0.00103 0.83941 0.84044 

29400 0.00008 0.81912 0.81 914 -0.00102 0.8394 0.84042 

29700 0.00002 0.81 902 0.81 904 -0.001 1 3  0.83941 0.84054 

30000 0.00002 0.81 892 0.81 894 -0.001 12 0.83942 0.84053 



30300 0.00002 0.81883 0.8189 -0.001 1 1  0.83941 0.84051 
30600 0.00006 0.81 874 0.81881 -0.00101 0.83939 0.8404 
30900 -0.00001 0.81 864 0.81 867 -0.00 1 1 5  0.8394 0.84055 
31200 0.00004 0.81853 0.81 856 -0.001 1 3  0.83943 0.84056 
31500 0.00005 0.81 842 0.81 847 -0.001 0 1  0.83944 0.84045 
31 800 -0.00002 0.81 832 0.81 829 -0.001 1 4  0.83945 0.84059 
32100 0.00001 0.81.822 0.81 823 -0.00101 0.83944 0.84051 
32400 0.0002 0.8 1 8 1 2  0.81 832 r- -0.0007 0.83942 0.8401 2  r-
32700 0.00257 0.81-585 0.81841 0.00379 0.84354 0.83974 25.06903 24.3381 5  -0.73088 
33000 0.00477 0.81 368 0.81 846 0.00784 0.8473 0.83946 1 2.7471 4  1 3.24178 0.44464 

I 33300 0.00691 0.8 1 1 63 0.81 854 0.0 1 1 65 0.85075 0.8391 8.5514 9.20183 0.65043 
33600 0.00891 0.80966 0.81 866 0.81 833 0.01 507 0.85393 0.83885 0.84006 6.40541 7.1495 0.7441 
33900 . 0.01 069 0.80776 0.81 845 476 0.018 0.85686 0.83886 450.6 5. 07334 5.922 1 6  0:84882 
34200 0.01 267 0.80594 0.81861 0.99999 0.02 1 1 9  0.85955 0.83836 0.99999 4.26961 5.06778 0.7981 7  
34500 0.01439 0.804 1 8  0.81 857 0.0238 0.86203 0.83823 3.62 1 1 2  4.44399 0.82287 
34800 0.01 608 0.80251 0.81859 0.02628 0.86428 0.838 3. 1 5 1 4 1  3. 97478 0.82337 
35100 0.01 763 0.80093 0.81 856 0.02842 0.86626 0.83784 2.76989 3.59848 0.82859 
35400 0.0 1 9 1 4  0. 79943 0.81 857 0.81 839 0.03042 0.86804 0.83762 0.84001 2.46763 3.29456 0.82693 

-
w 35700 0.02076 0.79799 0.81 875 484.3 0.03251 0.86964 0.8371 3  450.8 2.23996 3.04547 0.80551 

36000 0.0221 5  0.79661 0.81 877 0.99996 0.03416 0.87107 0.83691 0.99975 2.03271 2.83835 0.80565 

36300 0.02352 0.79528 0.8188 0.0357 0.87236 0.83667 1 .86157 2.6651 5  0.80357 

36600 0.02483 0.794 0.81 883 0.03708 0.87351 0.83643 1 .71 403 2.51 589 0.80186 

36900 0.0261 4  0.79277 0.8189.1 0.0384 0.87452 0.83613 1 . 58858 2.38598 0. 7974 

37200 0.02733 0.79158 0.81891 0.03947 0.87542 0.83595 1 .47497 2.27325 0.79829 

37500 0.02857 0.79042 0.81 899 . 0.04056 0.87621 0.83564 1 . 37989 2.1 742 0.79431 

37800 0.02978 0.78931 0.81 909 0.04156 0.87689 0.83533 1 .29538 2.08589 0.79051 

381 00 0.03091 0.78821 0.81912 0.0424 0.87752 0.83512 1 .21766 2.00793 0.79027 

38400 0.03205 0.7871 1 0.8 1 9 1 5  0.0431 9  0.87809 0.8349 1 . 14887 1 .93864 0. 78976 

38700 0.0339 0.78607 0.81 998 0.81821 0.04373 0.87853 0.8348 0.84052 1 .0831 1 .87497 0.79187 

39000 0.03417 0.7851 0.81927 475.3 0.04444 0.87886 0.83442 433.3 1 .02949 1 .8 1 653 0.78704 

39300 0.035 1 9  0.7841 7  0.81 936 0.9998 0.04495 0.8791 0.83414 0. 99942 0.97771 1 .76266 0.78495 

39600 0.0361 5 0.78325 0.8 1 94 0.04535 0.87929 0.83394 0.92928 1 . 71 383 0.78455 

39900 0.037 1 9  0.78236 0.81 954 0.04581 0.87943 0.83362 0.88753 1 .66916 0.78163 

40200 0.0381 2  0.7815 0.8 1 963 0.04162 0.87949 0.83337 0.8471 1 .62754 0.78045 

40500 0.3912 0.78068 0.81 979 0.04646 0.87949 0.83303 0.81 1 1 7  1 .58878 0.7776 



40800 0.03996 0.77988 0.81 984 0.0466 0.87943 0.83283 0.77535 1 .55266 0.77731 
41 1 00 0.04094 0.77908 0.82002 0.04686 0.87936 0.8325 0.74495 1 .51978 0.77484 
41400 0.04173 0.7783 0.82003 0.04688 0.87925 0.83237 0.71379 1 .48932 0.77553 
41700 0.04263 0.77754 0.82017 0.04701 0.87909 0.83208 0.68662 1 .46054 0.77392 
42000 0.04354 0.7768 0.82035 0.81 802 0.0471 3  0.8789 0.83177 0.84136 0.66169 1 .43369 0.772 
42300 0.04444 0.77607 0.82051 469.2 0.04721 0.87869 0.83148 41 1 .2 0.63825 1 .40873 0.77049 
42600 0.04534 0.77537 0.82071 0.99982 0.04726 0.87842 0.831 1 6  0.9968 0.6163 1 .3849 0.7686 
42900 0.04614 0.77464 0.82078 0.047 1 9  0.8781 8  0.83099 0.59443 1 .36309 0. 76866 
43200 0.04692 0.77394 0.82086 0.04709 0.87789 0.8308 0.57377 1 .34227 0.76851 
43500 0.04776 0.77325 0.821 0.04702 0.87759 0.83057 0.55506 1 .32278 0.76772 
43800 0.04872 0.77257 0.821 3 0.04707 0.87726 0.83019 0.53888 1 .30424 0.76537 
44100 0.04952 0.7719 0.82142 0.04693 0.87692 0.82999 0.5217 1 .28674 0.76504 
44400 . 0.05033 0.77123 0.82156 0.04679 0.87656 0.82978 0.50567 1 .2702 0.76453 
44700 0.051 1 5  0.77058 0.82173 0.04665 0.8761 2  0.82954 0.49064 1 .25441 0.76377 
45000 0.051 88 0.76993 0.82181  0.0464 0.8758 0.8294 0.47544 1 .23946 0.76402 
45300 0.0528 0.76928 0.82208 0.04632 0.87541 0.82909 0.46283 1 .22536 0.76252 

"" 
45600 0.05362 0.76864 0.82257 0.04613 0.875 0.82887 0.4499 1 .21 1 86 0.76197 
45900 0.05439 0.768 0.8224 0.0459 0.87458 0.82868 0.437 14 1 . 1 9887 0.76174 
46200 0.05525 0.76737 0.82262 0.04571 0.87416 0.82845 0.42563 1 . 1 8663 0.761 
46500 0.05608 0.76673 0.82281 0.0455 0.87373 0.82824 0.41 447 1 . 1 7498 0.76052 
46800 0.05694 0.76609 0.82303 0.04529 0.8733 0.82801 0.40392 1 . 1 638 0.75988 
47100 0.0578 0.76541 0.B2321 0.04508 0.87291 0.82783 0.394 1 1  1 . 1 5369 0.75958 
47400 0.05867 0.76475 0.82343 0.04486 0.87248 0. 82762 0.3845 1 . 14361 0.7591 1 

47700 0.05952 0.76409 0.82361 0.04461 0.87205 0.82745 0.3751 1 1 . 1 3404 0.75893 

48000 0.06032 0.76343 0.82375 0.04431 0.87161 0.82731 0.36575 1 . 1 2475 0.759 

48300 0.06123 0.76277 0.824 0.04408 0.87 1 1 7  0.82709 0.35737 1 . 1 1 582 0.75845 

48600 0.06221 0.7621 1  0.82432 0. 04389 0.87073 0.82664 0.35883 1 . 1 3635 0.77752 

48900 0.06297 0.76144 0.82441 0.04354 0.87029 0.82675 0.34 1 02 1 .099 0.75799 

49200 0.06407 0.76077 0.82484 0.0434 0.B6984 0.82644 0.3344 1 .09108 0.75668 

49500 0.06486 0.7601 0.B2496 0.04304 0.B6939 0.B2634 0.32638 1 .08341 0.75702 

49800 0.06598 0.75943 0.B2541 0.0429 0.86893 0.82603 0.32024 1 .07598 0.75574 

50100 0.06684 0.75875 0.82559 0.04256 0.86877 0.83921 0.31 296 1 . 06882 0.75586 

50400 0.06785 0.75805 0.8259 0.04231 0.86802 0.82572 0.30657 1 .06197 0.7554 

50700 0.06901 0.75733 0.82634 0.04214 0.B6759 0.82544 0.30102 1 .05545 0. 75444 

51 000 0.06989 0.75659 0.82648 0.04179 0.86716 0.82537 0.29442 1 .04925 0.75482 



51300 0.07087 0.75585 0.82672 0.04149 0.86672 0.82523 0.28841 1 .04321 0. 7548 
51 600 0.07201 0.7551 0.8271 1 0.04127 0.86629 0.82502 0.28314 1 . 03733 0.754 1 9  
51 900 0.07316 0.75433 0.82749 0.04104 0.86586 0.82482 0.27798 1 .031 69 0.75372 
52200 0.07431 0.75353 0.82784 0.0408 0.86544 0.82464 0.27293 1 .02633 0.7534 
52500 0.07566 0.7527 0.82836 0.04065 0.86503 0.82438 0.26865 1 .021 1 6  0.75251 
52800 0.07661 0.75 1 88 0.82849 · 0.04026 0.86467 0.82435 0.26299 1 .01608 0.75309 
53100 0.07789 0.75 1 05 0.82894 0.04004 0.86418 0.82414 0.25857 1 .01 1 1 1  0.75255 
53400 0.07899 0.75022 0.8292 0.03971 0.86376 0.82404 0.25356 1 .00626 0.7527' 
53700 0.08035 0.74935 0.8297 0.0395 0.86334 0.82384 0.24946 1 .0016 0.75215'  
54000 0.0813 0.74843 0.82973 0.03908 0.86294 0.82386 0.2441 9  0.99723 0.75304 

I 54300 0.0778 0.75192 0.82972 0.03654 0.86045 0.82391 
54600 0.0745 0.75527 0.82977 0.03419 0.85812 0.82393 
54900 0.07141 0.75849 0.8299 0.03203 0.85594 0.82391 
55200 0.06859 0.76159 0.830 1 8  0.03007 0.8539 0.82383 
55500 0.06563 0.76454 0.83017 0.0281 3  0.852 0.82387 
55800 0.06301 0.76738 0.83039 0.02641 0.85023 0.82382 
56 1 00 0.06037 0.7701 1  0.83048 0.02474 0.84857 0.82382 

-
- 56400 0.05802 0.77272 0.83074 0.02326 0.84702 0.82375 
'"" 56700 0.05567 0.77523 0.83089 0.02 1 83 0.84556 0.82374 

57000 0.05343 0.77764 0.83107 0.02049 0.8442 0.82371 
57300 0.05122 0.77995 0.83 1 1 7  0.01921 0.84292 0.82371 
57600 0.04914 0.78214 0.83128 0.01803 0.84174 0.82371 

57900 0.0471 7  0.78424 0.83141 0.01 693 0.84063 0.82371 

58200 0.04523 0.78628 0.831 51 0.01 587 0.83959 0.82371 

58500 0.04349 0.78823 0.831 73 0.01493 0.83861 0.82368 

58800 0.04177 0.7901 1  0.83188 0.01 402 0.83769 0.82367 

59100 0.03998 0.791 9 0.83188 0.01312 0.83683 0.82371 

59400 0.03848 0.7936 0.83208 0.01235 0.83603 0.82369 

59700 0.03677 0.79524 0.83201 0.01 153 0.83528 0.82375 

60000 0.03535 0.79681 0.8321 6  0.01 084 0.83458 0.82374 

60300 0.03385 0.79829 0.83214 0.01014 0.83393 0.82379 

60600 0.03275 0.79969 0.83244 0.00958 0.83332 0.82374 

60900 0.03131 0.80106 0.83237 0.00895 0.83275 0.8238 

61200 0.03 0.80236 0.83236 0.00837 0.83222 0.82385 

61 500 0.02877 0.80359 0.83235 0.00784 0.83172 0.82389 



61 800 0.02788 0.80475 0.83263 0.00742 0.83126 0.82385 

62100 0.02674 0.80587 0.83262 0.00694 0.83083 0.82389 

62400 0.0257 0.80697 0.83267 0.0065 0.83042 0.82392 

62700 0.02476 0.80805 0.83281 0.00614 0.83003 0.82392 
63000 0.02374 0.80907 0.83282 0.00571 0.82966 0.82396 
63300 0.02296 0.81 007 0.83303 0.00538 0.82932 0.82394 
63600 0.021 96 0.81 1 03 0.83299 0.00501 0.829 0.82399 
63900 0.021 07 0.81 1 93 0.833 0.00467 0.8287 0.82403 
64200 0.02025 0.8128 0.83305 0.00437 0.82842 0.82405 
64500 0.0194 0.81 367 0.83306 0.00406 0.82815 0.82409 
64800 0.01861 0.81 446 0.83308 0.00379 0.82791 0.82413 
65100 0.01796 0.81521 0.83317 0.00355 0.82769 . 0.82414 

; 65400 0.0 1 7 1 7  0.81593 0.8331 0.00329 0.82748 0.8242 
65700 0.01 668 0.8166 0.83328 0.83403 0.0031 0.82729 0.824 1 9  
66000 0.01583 0.81727 0.8331 510.6 0.00284 0.8271 1 0.82427 
66300 0.01 534 0.81793 0.83327 -0.99908 0.00267 0.82694 0.82427 
66600 0.0149 0.81 856 0.83346 0.00251 0.82677 0.82427 

0\ 66900 0.01431 0.81 9 1 8  0.83349 0.00232 0.82662 0.8243 

67200 0.01 364 0.81 978 0.83343 0.00213 0.82648 0.82435 

67500 0.01 3 1 9  0.82037 0.83356 0.00199 0.82634 0.82436 

67800 0.01 259 0.8209 0.8335 0.00182 0.82623 0.82441 

68100 0.01 203 0.8214 0.83344 0.00167 0.82612 0.82445 

68400 0.01 1 58 0.82189 0.83346 0.00153 0.82602 0.82448 

68700 0.01 1 24 0.82238 0.83361 0.00143 0.82592 0.82449 

69000 0.01 088 0.82285 0.83373 0.83374 0.00132 0.82583 0.82451 

69300 0.01 022 0.82327 0.83349 490.5 0.001 1 7  0.82575 0.82458 

69600 0.01006 0.82365 0.83371 -0.9962 0.00107 0.82569 0.82462 

69900 0.00954 0.82402 0.83356 0.00099 0.82562 0.82464 

70200 0.00941 0.82438 0.83379 0.00099 0.82562 0.82464 

70500 0.00895 0.82474 0.83369 0.00083 0.82551 0.82469 

70800 0.00871 0.8251 0.83381 0.00076 0.82546 0.8247 

7 1 1 00 0.00854 0.82547 0.83401 0.007 0.82541 0.82471 

71 400 0.00784 0.82581 0.83365 0.00058 0.82537 0.82479 

7 1700 0.00746 0.82607 0.83353 0.0005 0.82534 0.82484 

72000 0.0076 0.82633 0.83393 0.00049 0.82531 0.82482 



72300 0.00746 0.82659 0.83405 . . 0.83314 0.00044 0.82528 0.82484 
72600 0.00703 0.82683 0.83386 440.6 0.00037 0.82526 0.8249 
72900 0.00656 0.82704 0.8336 -0.09821 0.00029 0.82524 0.82496 
73200 0.0.0648 0.82728 0.83376 0..0.0026 0.82523 0.82497 
7350.0. 0..0.0.617 0.,82755 0..83372 0.00.0.2 0.82521 0.825 
7380.0. 0..0.0.585 0..82779 0.83364 0..0.00.15 0..82519 0.8250.4 
74100 0.00573 0.82802 0.83375 0.00012 0.82518 0..82506 
74400 0.00536 0..82824 0.8336 0.00007 0.82517 0.8251 1 
74700 0.00508 0.82843 0.83351 0.00.002 0.8251 7  0.8251 4 
75000 0.0.0504 0.82863 0..83367 0. 0..82516 0.82516 
75300 0.0.0.513 0..82884 0.83397 I...-- -0.00.001 0.82516 0..8251 7  
7560.0. 0.0.0423 0..829 0.83323 -0.0.00.12 0..8251 6 0.82528 i 
75900 . 0.0.0.444 0.82918 0.83362 -0..0.0.00.9 0..82516 0..82525 
7620.0. 0.0.0.42 0.82935 0.83355 -0..00.01 2  0..82516 0.82528 
76500. 0.0.0427 0.82937 0.83364 -0.00013 0.825 1 8  0.82531 
7680.0 0.0.0417 0.8294 0..83357 -0.0.0.015 0..82519 0..82534 
7710.0 0.0033 0..82962 0.83292 -0.0.0021 0..8251 9  0..8254 

" 
77400 0.00412 0.82986 0.83398 -0.0.00.1 8 0.8251 9 0.82537 
77700 0..0.0.269 0.82999 0..83268 -0.0.0026 0.8252 0..82546 
78000. 0.0.0267 0.8301 3  0.8328 -0.00027 0.82521 0.82548 
78300. 0.0.02 1 4  0.83032 0.83246 -0.0.0.03 0.82522 0..82552 
7860.0. 0..0.0.178 0..830.48 0.83226 -0.00.032 0.;82523 0.82555 
7890.0. 0..0.0136 0.830.6 0..83196 -0.0.00.34 0..82525 0.82558 
79200 . 0.0.0.151 0..830.73 0.83224 -0..0.0.034 0..82526 0..8256 
7950.0. 0.0.00.94 0..8309 0..83184 -0.00.035 0.82527 0.82563 
7980.0. 0.0.0022 0.83106 0.83128 -0.0.00.37 0.82529 0..82566 
80.100 0.0.0025 0..831 1 1  0..83136 -0.0.00.37 0..82531 0.82568 
80400. -0.0003 0.83106 0.83076 -0.000.38 0.82533 0.82571 
80700 -0.0.0284 0.830.99 0.82835 -0.0.0.041 0.82535 0.82575 
81000 -0.0.0252 0.830.83 0.82831 -0.0004 0.82537 0.82576 
81 300 -0.0.0981 0..83047 0.82066 -0.00.043 0.82538 0..82582 
81 600 -0.01 96 0.82973 0.81 013 -0.0.0043 0..8254 0.82584 
81 90.0. 



Table A.S The combined abridged (kR')2 I and (kR')3 rspreadsheets prepared 
according to the instructions in the ICARUS-Systems Handbooks( l ),(2) (restriction of 
the range of the integrations to the region of application of the calibration pulse t l < t 

< t2). The third measurement cycle of experiment M7c2 . .  The evaluation of 

(kR')3 I '  (kR')3 5  I '  (kR')32, (kR')362' (kR')22 and (kR')262· Modification of the 
procedure for the evaluation of (kR')22 and (kR')262 to take account of the effects of 
"positive feedback" and evaluation of these coefficients. 

Column J 
Column 2 

Column 3 
Column 4 
Column 5 

Column 6 

Column 7 
Column 8 
Column 9 

The elapsed time/s (from the start of the measurement cycle) 
1 09 CpM (e-eo){f(e)d'C/ WK-4 

Here eo = 300.3 1 75K, the average of the I I measurements preceding 
the application of the calibration pulse 
1 09 jinput d-r:/jf(e)d'C /WK-4 

1 O"(kR')3 1  1WK-4 

1 09(kR')36 I jWK-4, CpMlJK-I , correlation coefficient. 
The arrows indicate the range of the fitting procedure. 
1 09 CpM (e-eo)//), j f(e)d'C IWK-4 (evaluation of (kR')3 2  and 
(kR')362) 
1 09 /),}nput dc//), jf(e)d'C jWK-4(evaluation of (kR')32  and (kR')362) 
1 09 (kR')32 jWK-4 

1 09 (kR')362 jWK-4, CpMlJK-I , correlation coefficient. 
The arrows indicate the ranges of the fitting procedures 

Column 10 1 09 CpM (9-90)!/),! f(9)d'C /WK-4 (evaluation of (kR')22 and 
(kR')262) 
Here 90 = 303.0747K, the average of the last I J measurements during 
the application of the calibration pulse. 

Column I I  J 09 /), !input d'C//)' ! f(9)d'C 1WK-4 

1 1 8  



Column 1 2 1 09 (kR')22 jWK-4 

Column 1 3  1 09 (kR')262 /WK-4 CpM/11C I , correlation coefficient. 

The arrows indicate the range of the fitting procedures. 

Column 1 4 Modification of column I I  to take into account the effects of "positive 
feedback" 

Column 1 5  Values of 1 09(kR')22 taking into account the effects of "positive 
feedback" 

Column 1 6  1 09(kR')262 jWK-4, CpM/JK-I,  correlation coefficient taking into 
account the effects of "positive feedback". 

1 19 
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1 

=1 0.48642 

"330 

339061 0.: 
34200 � _ 
34500 0.33627 
34800 0.32539 

15100 0.31 191 

3 _ 4 6 .7 8 .JI 10 1 1  1 2  13 14 15 

_._-_ • .... -.".. . "' "  ..... 1:I"'tVO ..... --. .... _ _  v" .. , ..,... V.Otflol:O _ . ,  __ .. .  V,l;Itf" ." 
357001 0.29099 1 . 1 2608 0.83509 463.8 2.23900 3.0.<547 0.80551 0.13332 0.884Q.I 0.75073 0.98387 0.850501 1 

t "" Jl.28023 1.1 1507 0.83484 0.90065 2.03271 2.83835 0.80565 0.1270.< 0.87724 0.7502 0.97724 0.8500 383001 0.270.<8 1 .10475 0.83427 1.86157 2.86515 0.80357 0.12099 0.87079 0.74981 0.971 1 9  0.850 I 36600 0.26116 1 .09493 0.83377 1.71403 2.51589 0.80186 0.82997 0.11535 0.86474 0.74939 [2,74174 0.96543 0.85008 .  --- Jl.25283 1 .08563 0.8328 1 .58856 2.38598 0.7974 447.2 0.10978 0.859 0.74924 479.2 0.95999 0.85023 

�1� �.2441 8  1 .07686 0.83268 0.82059 1.<7497 2.27325 0.79829 0.99986 0.10497 0.85353 0.74856 0.99985 0.9549 0.84993 
�3679 1.06854 0.83175 473.2 1.37989 2.1742 0.79431 0.09991 0.84836 0.74845 0.94993 0.85002 :t- 0.2298 1.00061 0.83081 0.99949 1.29538 2.08569 0.79051 0.09507 0.84345 0,74838 0.94514 a.BS{)( 

381001 0.22279 1 .05328 0.8305 1.21766 2.00793 0.79027 0.09075 0.83859 0.74764 0,94097 0.650 

16 

444.5· 
).99995 

38-4og.f. 0.21634 1 .04647 0,83014 1 .14887 1.938&4 0.76976 0.08S48 0.83378 0.74732 0.93727 0,850 
)943 1.03973 0.83029 1.0831 1.87497 0.79167 0,06312 0.8294 0.74628 0.93352 0.B504 -1 

39000 0.20398 1 .03309 0.829 1 1  1 .02949 1 .81853 0.78704 0.07885 0.82544 0.74658 0.92966 0.8508' . 1  
39300 0.19822 1 .02867 0.82844 0.97771 1 .76286 0.78495 0.07535 0.82176 0.74841 0.92608 0.8507: 
39600 0.19249 1.02061 0.82812 0.92928 1.71383 0.78455 0.07231 0.81817 0.74586 0.92279 0.85048 
39000 0.18757 1 .01484 0.82727 0.88753 1.86916 0.78163 0.7952 0.06873 0.81472 0.74598 NJ.74364 0.91952 0.85079 .851311 
40200 0.18244 1 .00923 0.82679 0.81535 0.8471 1.62754 0.78045 461 0.06586 0.81 154 0.74569 484.2 0.91639 0.85053 445.4 
40500 0.17786 1.00379 0.82593 460.7 0.B1 1 17 1 .58878 0.7776 0.9999 0.06268 0.8086 0.74594 0.99924 0.91353 0.85087 0.9997 
40500 0.17291 0.99855 0.B2564 0.99985 0.77535 1 .55268 0.77731 0.00044 0.80588 0.74542 0.91087 0.8504, 

. . .  -
- - _ .  - - .. ...... ....  - - - J;j11 ...Q.99� U.B2485 U.74495 i .oHm:! V,lf"O't U,U:>I"" 0.6m _. ____ _ 

16414 0.98893 0.82479 0.71379 1.48932 0.77553 0.05563 0.80045 0.74463 0.9061 1 0.85048 J 
41700 0.16015 0.98436 0.82421 0.68662 1 .46054 0.77392 0.05318 0.79802 0.74488 0.90382 n .<�. [ 42000 0.lIi643 0.97997 0.82355 0.66169 1.43389 0.772 0.0506 0.79569 0.7451 0.90134 l 42300 0.152B1 0.97579 0.82298 0.63825 1.40873 0.77049 0.04819 0.79342 0.74523 0.89893 , 42600 0.1<935 0.97168 0.82232 0.6163 1.3849 0.7686 0.04582 0.79145 0.74563 0.89697 
42900 0.14574 0.96787 0.82214 0.59443 1.38309 0.76868 0.04417 0.78921 0.74503 = 0.89502 0.85085 '--
43200 0.14223 0.96413 0.82191 0.57377 1.34227 0.78651 0.78033 0.04274 0.78726 0.74452 0.89348 0.85074 ..J 
43500 0.13903 0.96055 0.82153 0.55506 1.32278 0.76772 459.9 0.04095 0.78535 0.7444 0.89158 0.85063 ..J 
43500 0.13633 0.95708 0.B2075 0.53888 1 .30424 0.78537 0.9999 0.03817 0.78357 0.7454 0.88944 0.85127 J 
44100 0.13325 0.95374 0.82049 0.5217 1.28674 0.78504 0.03678 0.78186 0.74508 0.88773 0.85095 1 
44400 0.13033 0.95052 0.8201 8  0.505S7 1.2702 0.78453 0.03532 0.78022 0.7449 0.88633 0.85101 
44700 0.12757 0.94738 0.B1981 0.49064 1 .25441 0.763", 
45000 0.12465 - _  . ... - _. _  •. 

.(53Q( 

-l 
� " 
?> 
v. 
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471001" 0.10854 0.92603 0.61749 . 0.39411  1.15369 0.75956 0,()2365 0.7sa51 0.744!l6 0.67534 0.65169 
47400 0.10652 0.92376 0.61723 0.3645 1.14361 0.7591 1  0.02242 0.76735 0.74493 0.67426 0.651!l6 
477�-l- 0.10452 0.92157 0.61705 0.3751 1 1.13404 0.75693 0.02155 0.76614 0.74459 0.67363 0.85208 

10248 0.91943 0.81695 0.36575 1.12475 0.759 0.02136 0.75512 0.74377 0.87317 0.85181 
48300 0.10067 0.91734 0.81667 0.35737 1.11562 0.75845 0.0201 0.76416 0.74406 0.87222 0.85212 
4!l6OO 0.09901 0.91532 0.81831 0.35683 1.13635 0.75752 0.01815 0.76324 0.74500 0.8713 0.65315 
46900 0.09705 0.91336 0.6163 0.34102 1.099 0.75799 0.01691 0.76238 0.74347 0.67066 0.65175 
49200 0.09563 0.91145 0.81562 0.3344 1.09108 0.75668 0.01573 0.76156 0.74565 0.66976 0.85405 
49500 0.09378 Q.9oo56 0.81561 0.32638 1 .08341 0.75702 0.01678 0.76097 0.7442 0.!l6896 0.8522 
49S00 0.09243 0.90776 0.61533 0.32024 1 .07596 0.75574 0.01335 0.76049 0.74714 0.66603 0.85468 
50100 0.09074 0.90599 0.61525 0.31296 1.06882 0.75566 0.01399 0.7601 0.74611 0.66754 0.85355 
50400 0.08926 0.90426 0.81502 0.30857 1.08197 0.7554 0.01267 0.75964 0.74697 0.88667 0.854 
50700 0.08601 0.90264 0.81463 0.30102 1.05545 0.75544 0.0068Il 0.76903 0.75017 0.6653 0.65644 
51000 0.�2 0.90106 0.81465 0.29442 1 .04925 0.75462 0.01024 0.7562 0.74797 0.86564 0.8554 
51300 0.08497 0.89952 0.61455 0.28641 1.04321 0.7546 0.01027 0.75759 0.74733 0.66619 0.8 -
516C() 0.08373 O.B98 0.81428 0.28314 1.03733 0.75419 0.00722 0.75725 0.75003 0.86504 0.8;;)10.£ J 
51900 0.0825 0.69654 0.81405 0.27796 1 .03169 0.75372 0.00402 0.75678 0.75274 0.66322 0.8592 
52200 0.08128 0.69514 0.61386 0.27293 1.02633 0.7534 O.ooosa 0.75579 0.75521 0.00019 0.65961 
52500 0.08027 0.69376 0.61351 0.26ll65 1.02116 0.75251 .{I.Ol015 0.75445 0.7648 0.65716 0.6673< 
52600 0.Q7883 0.89244 0.6136 0.26299 1.01608 0.75309 .{I.00652 0.75356 0.7501 0.65731 0.66351 
53100 0.om5 0.691 1 1  0.61336 0.25657 1 .01 1 1 1  0.75255 .{I.Ol653 0.75349 0.77202 0.65965 0.67838 I 
53400 0.07849 0.66981 0.61332 0.25356 1.00626 0.7527 .{I.0229 0.75471 0.77761 0.66311 0.88801 I 
53700 0.07547 0.66855 0.61308 0.24946 1.0016 0.75215 .{I.07549 0.75743 0.83293 0.88599 0.94148 
54000 0.07409 � 0.81327 0.24419 . 0.99723 0.75304 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 



Table A.6 Abridged (kR')1 rspreadsheet for the operation of experiment M7c2 
on Day 61 .  

Column 1 The elapsed time/s 
Column 2 The cell temperatureIK 
Column 3 The cell voJtage/V 
Column 4 The cell currentiA 
Column 5 The rate of evaporative coolingIW 
Column 6 f(8) /K4 

Column 7 The "lower bound heat transfer coefficient, 1 09(kR')I I " !WJ(-4 

Column 8 1 09 (kR') 1 1  1WJ(-4, crlWJ(-4 and cr/(kR') 1 1  /% 
Column 9 The "lower bound heat transfer coefficient, 1 09(kR') I I " !WJ(-4 as 

given by the evaluation due to the group at the N.H.E. Laboratories 
Column 1 0  1 09(kR')J 1 1WJ(-4, crlWJ(-4 and cr/(kR')J 1  /% of the values of 

1 09(kR') 1 1 as given by the evaluation due to the group at the N.H.E. 

Laboratories 
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1 2 3 4 5 

300 334.241 7.0366 0.89954 
600 334.767 7.0491 0.89954 
900 335.588 7.8241 1 .00082 

1 200 336.5 7.79 1 . 0009 0.0915 
1 500 337.389 7.7522 1 .00084 0.0962 
1 800 338. 1 28 7.7365 1 . 0008 0. 1 004 
2 1 00 338.851 7.687 1 .00085 0.1 046 
2400 339.462 7.6609 1 .00082 0.1 084 
2700 340.016 7.6228 1 .00077 0. 1 1 2  
3000 340.524 7.61 1 2  1 .00083 0.1 153 
3300 340.959 7.5724 1 .00081 0. 1 1 83 
3600 341 .346 7.5452 1 .00077 0. 1 2 1 1  
3900 341 .697 7.5226 1 . 0008 0. 1 236 -

N 
W 4200 342.026 7.5064 1 .00075 0.126 

4500 342.304 7.4982 1 .00071 0.1281 
4800 342.565 7.4656 1 .00072 0.1 301 
5 1 00 342.78 7.4592 1 .00057 0.1 3 1 8  
5400 342.968 7.4414 1 .00064 0.1 335 
5700 343. 1 82 7.4452 1 .00058 0 .135 
6000 343.345 7.4223 1 .00064 0.1 364 
6300 343.52 7.407 1 .00073 0. 1 378 
6600 343.647 7.4075 1 .00064 0.1 389 
6900 343.74 7.401 1 1 .00065 0. 1 397 
7200 343.866 7.3948 1 .00064 0. 1 408 
7500 343.962 7.3978 1 .00067 0.1 4 1 8  
7800 344.035 7.3809 1 .00074 0.1424 
81 00 344 . 1 26 7.3877 1 .00072 0.1 431 
8400 344.222 7.3765 1 .00072 0. 1 439 
8700 344.26 7.3929 1 .00076 0. 1442 

l.....- _9000 344.339 7.4082 1 . 00083 0. 1 449 

6 7 

4.88545 
4.964 

5.08766 
5.226 1 9  0.92346 
5.36202 0.91 719 
5.47612 0.91 63 
5.5881 8  0.90553 
5.68373 0.90726 
5.76991 0.89985 
5.85027 0.90024 
5.91901 0.89802 
5.98057 0.8943 
6.03588 0.88915 
6.08887 0.88729 
6. 1 3373 0.88741 
6.1 7534 0.88347 
6.21 015 0.88348 

6.244 0.87816 
6.27513 0.87948 
6.30099 0.87434 
6.32945 0.8721 1  
6.35098 0.87866 
6.36536 0.87568 
6.38574 0.87137 
6.40177 0.87572 
6.41304 0.8721 1  
6.42838 0.86827 
6.44393 0.86978 
6.45034 0.874 1 3  
6.46334 0.87388 

8 9 

1 .5621 5  
0.76226 
0.94158 , 0.89864 
0.89525 
0.89688 
0.88807 
0.89201 

0.90351 0.88615 
0.01 1 1 8  0.88813 

1 .24 0.88743 
0.88478 
0.88039 

"�V 0.87944 
/ 0.88037 

0.877 1 8  
0.87781 
0.87276 

0.8746 
0.87817 0.86969 

0.0048 0.86788 
0.547 0.87531 

0.87236 
0.86804 

.... iI 0.873 
.' 0.86943 

0.86536 
0.86812 
0.87195 
0.87164 

1 0  

J I 

0.88883 
0.00602 

0.677 

.... 
, 

0.87355 
0.0038" 

0.43. 

.... 

� 

...., 
g;. 
" 
;> 
0, 
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9300 344.384 7.3485 1 .00079 0.1 453 6.47018 0.86536 0.86707 0.86329 0.86509 9600 344.448 7.3253 1 .00079 0.1 458 6.48125 0.86134 0.00455 0.8594 0.00428 9900 344.483 7.3279 1 .00074 0.1461 6.48667 0.86444 0.524 0.86278 0.495 1 0200 344.517 7.3244 1 .00083 0. 1 464 6.49233 0.86272 0.86102 1 0500 344.556 7.3084 1 .00081 0.1 467 6.49841 0.86262 0.8612 1 0800 344.562 7.3097 1 .00081 0.1 468 6.49949 0.8631 2  1.1 0.86 1 75 J/ 1 1 1 00 344.597 7.3053 1 .0008 0.1471 6.50542 0.85884 I' 0.85722 1 1 400 344.627 7.3064 1 .00082 0.1 473 6.51 023 0.86 1 1 2  0.85974 1 1 700 344.638 7.2947 1 .00079 0.1 474 6.51 141  0.86 1 89 0.86076 1 2000 344.644 7.2896 1 .00077 0.1 474 6.51291 0.85985 0.85863 1 2300 344.664 7.281 9 1 .00075 0.1476 6.51 629 0.8581 8 0.85695 1 2600 344.67 7.2821 1 .00077 0.1 477 6.51 861 0.85698 0.85788 0.85568 0.85665 1 2900 344.698 7.2746 1 .00071 0.1 479 6.52 1 85 0.85268 0.00251 0.851 1 4  0.00255 1 3200 344.727 7.2653 1 .00084 0.1 482 6.52682 0.85665 0.293 0.85565 0.298 1 3500 344.703 7.2651 1 .00081 0.148 6.52298 0.85862 0.85775 1 3800 344.7 1 9  7.2681 1 .00079 0.1 481 6.52602 0.85543 0.85427 14100 344.723 7.2677 1 .00078 0.1 481 6.52575 0.85643 V 0.85536 
1 4400 344.73 7.2631 1 .00081 0.1 482 6.52679 0.85652 l' 0.85554 I 
1 4700 344.726 7.2558 1 .00081 0.1 482 6.52634 0.85568 0.85473 
1 5000 344.731 7.2502 1 .00082 0.1 482 6.52736 0.85516 0.85424 
1 5300 344.723 7.25 1 .00082 0.1481 6.52595 0.85694 0.856 1 6  
1 5600 344.7 1 4  7.2451 1 .00082 0.1481 6.52437 0.85329 0.85262 
1 5900 344.73 7.2428 1 .00079 0.1 482 6.52699 0.85336 0.85483 0.85238 0.85398 
16200 344.7 1 7  7.2457 1 .00084 0. 1 481 6.52445 0.85707 0.002 1 5  0.85634 0.00225 
1 6500 344.708 7.238 1 .00076 0.1481 6.52349 0.852 1 5  0.251 0.851 1 0.263 
1 6800 344.728 7.2302 1 .00081 0. 1483 6.52697 0.85051 0.84847 
1 71 00 344.71 9 7.2369 1 . 0008 0.1 482 6.52498 0.85491 0.85414 
1 7400 344.71 2  7.23 1 5  1 .00081 0.1481 6.52363 0.8575 0.85701 v 
1 7700 344.675 7.2291 1 .0008 0. 1 478 6.51 788 0.85839 I' 0.85794 � 1 8000 344.664 7.2273 1 .00078 0.1 477 6.51 659 0.85344 0.85256 
1 8300 344.669 7.224 1 .00082 0.1 478 6.51669 0.85398 0.8532 
1 8600 344.649 7.2248 1 .00084 0.1 476 6.51383 0.85533 0.85462 
1 8900 344.647 7.2175 1 .00082 0.1476 6.51 309 0.85498 0.85433 
1 9200 344.621 7.2277 1 .00081 0.1 474 6.50955 0.85738 0.85559 0.85677 0.85491 
1 950 o . 344.6 1 6  7.2181 1 .00078 0. 1 473 6.50781 0.85486 0.00192 0.85412 0.00207 

'\ 



N V> 

198001 
201001 
?l1.dnnl 
:lUfOL 
21 000 
21300 
21600 
� I �UU 
!2200 
'?"nn 

344.601 
344.582 
344.557' 
344.543' 
344.561 
344.526 
344.518  
344.528 
344.487 
344.459 
::\&.d .dIl1 

!31001 ::\&.d .d<;, 
344.46i 

23fUO 344.4' 
24000 344.426 
24300 344.434 
24600 344.431 
--- -- -

344.41 5  
344.406 
344.41 1 
344.371 1 

26100 344.363 
26400 344.368 
26700 344.372 
27000 

� ::\<;A 
27600 344.338 
27900 344:312 

11 i 
001 ::\44 311  

ln� 
29100 344.284 
29400 344.299 
29700 344.275 
�onnn �44 2,,4 

7.2129 
7.216 

7.21 1 3  
7.2077 
r.2137 
'.2085 
r.2027 

1 .00079 
1 .00079 
1 .nnnlli 
1 .00078 

1 .0008 
1 .00079 
1 . oo0i 
1 .UUUfO 

1 .00079 
t nnMQ 

7.19741 1 .  
7.1933 1 nnnR� 
7.1 903 
7.1955 , .UUU 
7.1 853 1 .00079 
7.1 859 1 .00075 
7.1 834 1 .00073 

7.186 1 .  
7.1 859 1 .000791 
7. 1 8 1 3  1 .0007. 
7.1 787 1 .0007� 
7.1 787 1 .0006, 
7.1773 1 
7.1744 1 .UUUf:l ' 
7.1734 1 .00076' 

J.1 752 1 .( _  
1721 1 .nnMF\ 
1 645 1 .00068 
1 758 1 .00084 

7.1 755 1 .00078 
7.1679 1 
7.1629 
7.1693 

0.14721 
0.147' 

0. 1468' 

6.5059 
6. 
6. 

0. 14671 6. 
n 1.dFlR Fl ,  
0. 1466 
0.1465 

O. 
O.tlOftiO 
0.85721 
0.85201 
O. 
0.85801 
0.85212 
n R<;FlIl" 0. 1466 6.4941 31 

0.1462 6.48742 0 

0.224 

r-

n R"!i,,Q 
0.146 6.48295 0.8539\ O. 

0.1462 6.48582 0.85417\ \ 0.28 
0.1459 6.48192 0.85571 
0.1461 6.48405 0.8534' 
0.1459 6.48166 0.85717\ 
0.1457 6.47724 0.85419, 
0.1458 6.47855 ru 
0.1458 6.47827 n R<;::\111 
0.1456 6.47596 n 1l<;.dQ 
0.1455 6.47416 O. 
0.1456 6.4749 0.85613 

- --

0.1453 6.46908 O. 
0.1452 6.46695 0.85288 
0.1452 6.4688 0.85082 
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Table A.7 The operation of experiment M7 c2 on Day 68 during the period 0 < t 
< 2 1 ,300s when the cell is driven to dryness. The evaluation given by the group at the 

N.H.E. Laboratories. 

Column I 

Column 2 

Column 3 

Column 4 
Column 5 

Column 6 

Column 7 

Column 8 

Column 9 

The elapsed timels 
The temperature measured by the "short thermistor"/K 
The temperature measured by the "long thermistor"/K 
The Cell VoltageIV 
The Cell CurrentiA 
The "lower bound heat transfer coefficient, 1 09(kR')1 l " /WK-4 given 
by the evaluation by the group at the N.H.E. Laboratories and based on 
the temperature measurements with the "short thermistor" 
The rate of excess enthalpy generation, Q, /W given by the evaluation 
by the group at the N.H.E. Laboratories and based on the temperature 
measurements with the " short thermistor" 
The "lower bound heat transfer coefficient, 1 09(kR')1 l " /WK-4 given 
by the evaluation by the group at the N.H.E. Laboratories and based on 
the temperature measurements with the "long thermistor" 
The rate of excess enthalpy generation, Q, /W given by the evaluation 
by the group at the N.H.E. Laboratories and based on the temperature 
measurements with the "long thermistor". 
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: --'- :6600 

6900 
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, ' 7500 ; 
i . ·7800 

. 81 00 
, : 8400 

8700 

2 3 4 

370.307 370.362 1 2.3353 
370.447 370.498 12.4565 
370.551 370.61 4  12.5636 
370.688 370.767 12.6606 
370.837 370.934 12.7268 
370.936 370.996 12.718 

371 .06 371 . 131  12.8308 
371 . 1 62 371.239 12.9382 
371 .293 371 .348 12.98 
371 .364 371 .436 1 3.0382 
371 .498 371 .542 1 3.2664 
371 .602 371 .655 1 3.3062 
371.71 1 371 .763 1 3.3877 

371.78 371 .833 1 3.4814 
371 . 872 371.941 1 3.4839 
371.971 372.0 1 7  1 3.6223 
372.049 372. 1 2  1 3.8354 
372 . 1 54 372.21 1 3.8447 
372.209 372.281 1 3.981 9 
372.281 372.34 1 4.02 
372.363 372.421 1 4. 1 844 
372.402 372.463 14.2717 
372.448 372.507 1 4.2373 
372.475 372. 517 14.3214 
372.547 372.633 1 4.4996 

372.84 372.689 14.5917 
372.678 372.735 1 4.736 
372.754 372.814 1 4.852 
372.809 372.855 1 4.9063 

� 
'" 

5 6 7 8 9 
;> 
-..J 

0.9995 0.78377 0. 1 091 0.77968 0. 1 55 
1 .0008 0.78779 0.0642 0:78422 0. 1 044 

0.99934 0.78925 0.0479 0.78339 0. 1 1 41 
0.99921 0.78692 0.0743 0.77939 0. 1 596 
0.99837 0.78519 0.0941 0.77992 0.154 
0.99923 0.78006 0.1 525 0.77768 0.1 796 
0.99987 0.78141 0.1 374 0.77487 0.212 
0.99955 0.78238 0.1 267 0.77746 0. 1 829 
0.99937 0.77767 0.1 807 0.77344 0.2291 
0.99852 0.776 0.2 0.77054 0.2621 
0.99894 0.78201 0.1 3'1 7 0.77929 0. 1 629 
0.9991 5  0.77769 0.1814 0.77192 0.2479 
0.99852 0.77587 0.2027 0.77044 0.2654 
0.99881 0.77826 0. 1 754 0.77128 0.256 
0.99877 0.7661 3  0.3155 0.75864 0.4024 
0.99873 0.76835 0.2905 0.76256 0.3577 
0.99873 0.77579 0.2048 0.7658 0.3207 
0.99847 0.76409 0.3408 0.7561 8  0.433 
0.99849 0.7705 0.2668 0.75971 0.3925 
0.99752 0.76064 0.381 7  0.75252 0.4765 
0.99842 0.765 0.3315 0.75529 0.4449 
0.99741 (U6782 0.2989 0.75735 0.4212 
0.99516 0.75616 0.435 0.74706 0.5415 
0.99917 0.75992 0.3914 0.75045 0.5021 
0.99784 0.75639 0.43 3 . 0.73905 0.6363 
0.99841 0.74877 0.5228 0.74049 0.6201 
0.99831 0.75423 0.4593 0.74098 0.6149 
0.99863 0.74639 0.5518 0.73293 0.7101 
0.99783 0.741 1 7  0.6135 0.72944 0.75 1 6  



-

� 

· 9000 372.831 372.895 1 4.9562 0.99614 0.73977 0.6301 0.72248 0.8338 
9300 372.872 372.93 15.1678 0.99634 0.74398 0.5812 0.7294 0.7531 
9600 372.943 372.993 1 5.229 0.9969 0.73054 0.7398 0.71 766 0.892 
9900 372.982 373.017 1 5.2966 0.99633 0.72574 0.7968 0.71648 0.9063 

1 0200 373.037 373.069 15.4777 0.99674 0.72328 0.8264 0.7126 0.9528 
1 0500 373.096 373. 1 37 1 5.668 0.99632 0.72162 0.8469 0.70694 1 .0206 
1 0800 373.125 373. 163 1 5.772 0.99609 0.72126 0.851 5 0.70762 1 .013 
1 1 1 00 373. 1 69 373.209 15.91 1 6  0.9969 0.71 639 0.9097 0.70042 1 .0984 
1 1 400 373.21 7 373.284 16.1 1 61 0.99656 0.71 462 0.9313 0.69572 1 . 1 554 
1 1 700 373.265 373.298 16.2655 0.99668 0.708 1 .0104 0.69362 1 . 181 
1 2000 373.306 373.352 16.4239 0.99597 0.7029 1 .0714 0.68002 1 . 3431 
1 2300 373.352 373.403 1 6.717 0.99439 0.70423 1 .0565 0.67884 1 .3606 
1 2600 373.401 373.443 1 6.91 88 0.99519 0.69887 1 . 1209 0.67614 1.391 2 
1 2900 373.41 9  373.467 16.9619 0.99455 0.69384 1 . 1 8 1  0.66744 1 . 495 
1 3200 373.447 373.478 17.1826 0.99429 0.69508 1 . 1 668 0.67825 1 . 367 
1 3500 373.488 373.517 1 7.27 0.99476 0.67749 1 .3762 0.65755 1 .6136 
1 3800 373.531 373.587 17.5771 0.99437 0.67582 1 . 3972 0.63664 1 . 6641 
1 4 1 00 373.568 373.598 1 7.7641 0.99328 0.66537 1 .5221 0.6441 4  1 .7752 
1 4400 373.636 373.682 18.0925 0.99332 0.64023 1 .823 0.601 2.2914 

1 4700 373.662 373.691 1 8.4467 0.99357 0.65036 1 .7033 0.62517 2.0041 

1 5000 373.699 373.737 1 8.61 1 6  0.99374 0.63006 1 .9461 0.594 2.3771 

1 5300 373.74 373.755 1 8.5255 0.9949 0.58375 2.4993 0.56736 2.6953 

1 5600 373.761 373.81 1 8.7708 0.99327 0.58345 2.5038 0.52584 3. 1 958 

1 5900 373.781 373.821 1 8.7899 0.99218 0.56093 2.7731 0.51 317 3.3449 

1 6200 373.823 373.875 1 9.2588 0.9921 4  0.54855 2.923 0.47861 3.761 1 

1 6500 373.859 373.895 19.3422 0.99243 0.51 024 3.3822 0.45826 4.0055 

1 6800 373.872 373.91 6 19.6372 0.991 1 2  0.51522 3.3236 0.44669 4. 1 453 

1 7 1 00  373.915 373.968 1 9.9497 0.98994 0.4751 1 3.8055 0.37976 4.9497 

1 7400 373.924 373.993 20.227 0.99138 0.48689 3.8653 0.35427 5.257 

17700 373.924 374.02 9 .  20.7173 0.98978 0.52376 3.2246 0.31 1 59 5.7714 

1 8000 373.976 374.091 21 .8384 0.9886 0.51714 3.3066 0.23826 6.6586 

1 8300 374.041 374. 1 24 22.6179 0.98686 0.45433 4.0625 0.21 433 6.9472 

1 8600 374.06 374.1 48 23.8263 0.9857 0.43198 4.3332 0.209 7.0142 

1 8900 374.158 374. 1 84  25.8979 0.98207 0.33529 5.5 0.22555 6.8202 

1 9200 374. 1 6 1  374.213 26.6106 0.9772 0.47236 3.6563 0.31 437 5.7566 



1 9500 374.263 374.299 32.9171 0.96991 0.32982 5.5757 0.0357 9.j1 82 

I � 9800 374.366 374.422 38.6512 0.96125 -0.32023 13.4166 -1 .55703 28.3434 

: . 20100 374.5 1 1  374.519 49.9746 0.93923 -7.27982 97.5065 -9.01395 1 1 8.4671 

. 20400 374.575 374.673 63.8894 0.90245 129.7446 -1559.12 10.70191 -1 20.004 

;. 20700 374.695 374.788 78.803 0.82992 9.88171 -1 10. 1 1 3  7.91021 -86.3652 
, 21 000 374.779 374.874 83.3207 0.69007 6.9419 -74.603 6.1 8571 -65.5346 

21 300 374.676 375.266 85.581 8 0.70753 9.781 1 -1 08.863 5.70622 -60.1 171 

-w v. 



Table A.8 The operation of experiment M7c2 on Day 68 during the period 0 < t 

< 21 ,300s when the cell is driven to dryness. Evaluation by the ICARUS-Systems 

methodology but neglecting the effects of reflux D20 in the cell and with P* = I 
atmosphere. 

Column I 

Column 2 

Column 3 

Column 4 
Column 5 

Column 6 

The elapsed timeis 

The enthalpy input rw 
The enthalpy change of the calorimeter rw 
f{9) IJ(4 as given by measurements with the "short thermistor" 

The rate of evaporative cooling based on temperature measurements 

with the "short thermistor" 

The "lower bound heat transfer coefficient, 109(kR') I I " /WK-4 given 

by the ICARUS-Systems evaluation and based on measurements with 

the "short thermistor" 

Column 7 . The rate of excess enthalpy generation, Q, rw given by the ICARUS­

Systems evaluation and based on measurements with the "short 

thermistor" 

Column 8 f{9) IJ(4 as given by measurements with the "long thermistor" 

Column 9 The rate of evaporative cooling based on temperature measurements 

with the "long thermistor" 

Column 1 0  The "lower bound heat transfer coefficient, 1 09(kR') I I " /WK-4 given 

by the ICARUS-Systems evaluation and based on temperature 

measurements with the "long thermistor" 

Column I I  The rate of excess enthalpy generation, Q, rw given by the ICARUS­

Systems evaluation and based on measurements with the "long 

thermistor" 
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(1) 

1 1 2 3 4 5 6 7 8 9 10 1 1  
?> 00 

ii 
300 ; '  1 0.8029 0.1 8375 1 1 .20905 1 .9441 1 0.77393 0.85994 1 1 .22023 1 .97184 0.77609 0.897 1 8  
600 . 1 0.93824 0.183 1 1 .23699 2.01878 0.77747 0.82229 1 1 .24736 2.0463 0.77431 0.85863 
900 . 1 1 .01932 0.18075 1 1 .25907 2.07261 0.77857 0.81 157 1 1 .2719 2.10845 0.7745 0.85833 

1 200 1 1 .1248 0.2145 1 1 .28677 2.15177 0.776 0.84256 1 1 .30287 '2.20017 0.77061 0.90466 
1 500 .1 1 . 18154 0.186 1 1 .31622 2.24289 0.77346 0.87349 1 1 .33601 2.31 126 0.76608 0.9587 
1800 . 1 1 . 1 8238 0.16725 1 1 .33735 2.31 085 0.76775 0.93984 1 1 .3496 2.35265 0.76324 0.99206 
2100 ' 1 1 .30233 0.1695 1 1 .36216 2.40035 0.76856 0.93274 1 1 .37667 2.45361 0.7629 0.99835 
2400 " 1 1 .40607 0. 17478 1 1 .38312 2.47677 0.76908 0.92853 1 1 .39887 2.5381 7  0.76263 1 .00333 
2700 ' :1 1 ,44579 0. 1515 1 1 .41 003 2.58249 0.76352 0.99414 1 1 .42129 2.62965 0.75864 1 . 05088 
3000 t: 1 1 .49416 0.15373 1 1 .42364 2.64142 0.76149 1 .01851 1 1 .43839 2.70623 0.75489 1 .09537 
3300 ' 1 1 .72696 0. 1 785 1 1 .45224 2.76564 0.76691 0.95903 1 1 .46126 2.80844 0.76257 1 .0095 
3600 ' 1 1 .76919 0.15975 1 1 .47296 2.86946 0.76179 1 .01949 1 1 .48384 2.92491 0.75624 1 .0842 
3900 : � 1 .84315 0.1 3352 1 1 .49575 2.98366 0.75905 1 .05306 1 1 .50644 3.04247 0.75324 1 . 1208 

� 4200 :. � 1 .94017 0.1 2075 1 1 .5089 3.063 0.76084 1 .03363 1 1 .5198 3.12581 0.75467 1 . 1 0571 
45<)0 ; .1 1 .942 1 9  0.14323 11 .52854 3.17348 0.7481 9 1 ,18127 1 1 .54274 3.26151 0.73964 1 .28138 
48QO !: 12.08993 0.13275 1 1 .54891 3.301 12 0.74951 1 . 16806 1 1 .55839 3.36386 0.74347 1.23882 
5100 i �2.29277 0.13725 1 1 .56487 3.40885 0.75657 1 .08799 1 1 .5795 3.51289 0 .74637 1 .20747 ' 5400 ' 12.29885 0.12 1 1 .58703 3.56395 0.7435 1.24161 1 1 .59857 3.65281 0.73509 1 .34029 
57QO ; �2.43609 0.09527 1 1 .59899 3.56402 0.75669 1 .08988 1 1 .61384 3.77182 0.73783 1 .31031 
6000 ' 12.46202 0.1 155 1 1 .6124 3.76815 0.73873 1.29972 1 1 .62458 3.87265 0.72896 1 .41458 

6300 :. ; 1 2.6374 0.09073 1 1 .62912 3.91843 0.74195 1 .26407 1 1 .641 1 4.02909 0.73168 1 .38492 

6600 12.71 1 68 0.06375 1 1 .63749 3.98815 0.74413 1 .23984 1 1 .65009 4.10886 0.73296 1 .37107 

69QO ; 12.64878 0.05476 1 1 .64761 4.06933 0.73188 1 .38335 1 1 .65981 4.1909 0.72069 1 .51529 

72QO ' 12.78378 0.07425 1 1 .65278 4.14073 0.73534 1.34364 1 1 .66146 4.2291 7  0.72721 1 .43946 

7500 '12.94458 0.12373 1 1 .66746 4.28887 0.73126 1 .39295 1 1 .68525 4.48736 0.71 316 1 .60657 

78QO }�3.04393 0.09825 1 1 .66691 4.50687 0.72207 1 .50266 1 1 .69705 4.62902 0.71 1 01 1 .63344 

8100 �13.1 8668 0.085 5 1 1 .69506 4.60059 0.72665 1 .4476 3 1 1 .70669 4.7572 0.71 274 1 .61449 

84Qo 13.30675 0.0962 7 1 1 .71051 4.60229 0.71 783 1 .5553 6 1 1 .72295 4.97261 0.70254 1 .73626 

870 o ' 13.35027 0.0577 6 1 1 .72201 4.954 0.71 136 1 .6326 2 1 1 .73155 5.09177 0.69903 1 .77871 

90da ' 13.37736 0.04724 1 1 .72575 5.01�6 0.70952 1 .6548 7 1 1 .73902 5.22907 0.6901 1 .88475 



'" 
00 

9300 1 3.59088 

9600 1 3.65952 

9900 1 3.71 907 

1 0200 1 3.90522 

1 0500 · 1 4.08896 

1 0800 : 1 4. 1 893 

1 1 1 00 1 4.34001 

1 1400 1 4.53891 

1 1 700 1 4.68957 

1 2000 1 4.83687 

1 2300 ' 1 5. 1 0478 

1 2600 · 1 5.31 777 

1 2900 1 5.35078 

1 3200 1 5.56621 

1 3500 1 5.66051 

1 3800 . 1 5.95974 

1 4 1 00 1 6. 1 4785 

1 4400 1 6.45484 

1 4700 ' 1 6.81 091 

1 5000 · 16.97765 

1 5300 1 6.91 1 81 

1 5600 1 7 . 1 2775 

1 5900 1 7 . 1 279 

1 6200 1 7.59044 

1650 o 1 7.68034 

1680 o 1 7. 94938 

1 7 1'0 o 1 8.23737 

1 740 o 1 8.53881 

1 770 o 1 8.99418 

1 800 o 20.08391 

1 830 o 2 1.01 1 56 

1 860 o : 2 1 . 98239 

1 8g0 o 23.93393 

1920 o 26.661 53 

1 950 o 30.44557 

0.084 1 1 .73559 5. 1 369 

0.08251 1 1 .75021 5.37204 

0.07049 1 1 .75831 5.5053 

0.08549 1 1 .76931 5.71 171 

0.066 1 1 .78157 5.94514 

0.05475 1 1 .7877 6.06672 
0.069 1 1 .79684 6.26808 

0.07201 1 1 .80661 6.49473 

0.06675 1 1 .81 629 6.74 1 1 6  

0.06524 1 1 .82523 6.96079 

0.07126 1 1 .83501 7.21 912 
0.05026 1 1 .8449 7. 53544 
0.03449 1 1 .84906 7.65123 
0.05175 1 1 .85376 7.88956 

0.063 1 1 .86241 8 .1 5254 

0.05999 1 1 .8723 8.49419 

0.07875 1 1 .87898 8.80495 

0.0705 1 1 .89399 9.45971 

0.04725 1 1 .89931 9.73827 

0.0585 1 1 .90714 1 0.16148 

0.0465 1 1 .91 549 10.68495 

0.03075 1 1 .91 987 1 0.9491 1 

0.04651 1 1 .92344 1 1 .21 897 

0.0585 1 1 .93293 1 1 .85958 

0.0367 4 1 1 .94035 1 2. 473 

0.04 2 1 1 .9434 8 1 2.69194 

0.03 9 1 1 .9521 6 1 3.52107 

0.0067 5 1 1 .9539 4 1 3.73194 

0.003 9 1 1 .9540 5 1 3.70977 

0.0877 5 1 1 .96461 1 5.0801 

0.078 1 1 .977 6 1 6.73333 

0.0877 5 1 1 .9859 7 1 8.05809 

0.0757 5 1 2.0028 2 21 .82352 

0.0787 6 1 2.0078 5 22.59757 

0.1387 5 1 2.0248 3 28.46785 

0.73878 1 . 3129 1 1 .74762 5.32501 0.69647 1 . 81 1 25 

0.69828 1 . 79035 1 1.76059 5.54815 0.68269 1 .97528 

0.69256 1 .85893 1 1 .76557 5.63349 0.681 23 1 .99329 

0.68891 1 .90354 1 1 .77596 5.83737 0.67785 2.03487 

0.68563 1 .94417 1 1 .79009 6.1 2047 0.67027 2.12675 
0.68443 1 .95938 1 1 .79559 6.2355 0.66966 2.1 3487 

0.6784 2.03205 1 1 .80516 6.45768 0.66186 2.22873 
0.67523 2.071 1 2  1 1 .81 639 6.73504 0.65433 2.31 976 
0.66702 2.16987 1 1 .82315 6.9208 0.65144 2.35534 
0.66052 2.24829 1 1 .8348 7.23059 0.637 1 9  2. 52624 
0.66028 2.25305 1 1 .84563 7.5426 0.63238 2.58557 
0.65278 2.34379 1 1 .85365 7.82309 0.62803 2.63889 
0.64689 2.41 434 1 1 .85906 7.992 1 5  0. 6176 2. 76377 
0.64325 2.4585 1 1 .86022 8.07239 0.62748 2.64683 
0.62761 2.64579 1 1 .86845 8.42626 0.60423 2.92465 

0.62377 2.69361 1 1 .88397 8.98853 0.58156 3. 1 9788 

0.61 1 51 2. 8407 1 1 .88524 9.08236 0.58785 3.1 2344 

0.5822 3.1 9299 1 1 .90359 9.95922 0.53976 3.70067 

0.5904 3.09676 1 1 .90537 1 0.06561 0.56261 3.42925 

0.56753 3.37 1 1 4  1 1 .91 507 1 0.63339 0.52755 3.8498 

0.51 868 3.95555 1 1 .91863 1 0.88498 0.50176 4.1 5826 

0.51577 3.99175 1 1 . 9301 1 1 1 .66686 0.45516 4.71821 

0.49167 4.28026 1 1 .931 8 1 1 .8279 0.44029 4.8963 

0.47535 4.47839 1 1 .9438 1 2.76064 0.39948 5.38868 

0.43304 4.98645 1 1 .94788 1 3. 1 4801 0.37627 5.66787 

0.43668 4.94423 1 1 .95268 1 3.55816 0.36387 5.81 833 

0.39134 5.48981 1 1 .96325 1 4.72758 0.2901 2  6.70575 

0.40155 5.368 5 1 1 .9683 8 1 5.39599 0.26203 7.04483 

0.44173 4.88821 1 1 .97601 1 6.4061 8 0.21 577 7.60329 

0.41088 5.26164 1 1 .9886 9 1 8.53509 0. 1 2 1 87 8.737 1 1  

0.35067 5.98851 1 1 .99498 1 9.88 1 4  0.08772 9.151 37 

0.47409 4.51 341 1 2.0002 1 20.99736 0.07477 9. 3 1 07 

0.33314 6.21 1 56 1 2.0082 7 22.8881 1 0.08078 9.24481 

0.33188 6.2292 8 1 2.01 45 5 24.63937 0.16175 8.27677 

0.1 5293 8.3899 5 1 2.0323 8 32.27347 -0.1 6345 12.202 



w '0 

1 9800 

20100 

20400 

20700 

21000 

21 300 

35.68564 

45.50344 

56.27895 

64.1 329 

56.44338 

58.05623 

0.18579 1 2.04654 

0. 1 5675 12.07761 

0.138 12.09075 

0.153 12.1 1 599 

-0.01425 12.1 3357 

-4.02224 12.1 1 261 

42.54893 -0.5851 7  1 7.29665 1 2.0583 58.7'\612 -1 .92535 33.47381 
144.1774 -8.1 8297 1 09. 1 045 12.07929 1 66.B:2oo -1 0.0564 131.7494 

-1 636.82 12.1 1 136 -88.2235 

-80.3592 12.1 3557 -34.6757 

-30.0685 12.15358 -20.7124 

-60.6579 1 2.23703 20.97296 



Table A.9 The operation of experiment M7c2 on day 68 during the period 0 < t < 
2 1 ,300s when the cell is driven to dryness. Evaluation by the ICARUS-Systems 

methodology with the inclusion of the effects of reflux of D20 in the cell. . P* 

assumed to be equal to the pressure measured at the same time at Sapporo Airport. 

Column ] 

Column 2 

Column 3 

Column 4 

Column 5 

Column 6 

Column 7 

Column 8 

Column 9 

The elapsed timels 

The rate of evaporative cooling /W based on temperature 

measurements with the "short thermistor" 

The amount of D20 evaporatedIMole III each 300s interval 

corresponding to the rate of evaporative cooling shown in Column 2 

The amount ofD20 returned to the cell by refluxIMole corresponding 

to the rate of evaporative cooling shown in Column 2 

The amount ofD20 removed from the ceillMole corresponding to the 

rate of evaporative cooling shown in Column 2 

The rate of evaporative cooling /W based on temperature 

measurements with the "long thennistor" 

The amount of D20 evaporatedIMole In each 300s interval 

corresponding to the rate of evaporative cooling shown in Column 6 

The amount ofD20 returned to the cell by refluxIMole corresponding 

to the rate of evaporative cooling shown in Column 6 
The amount ofD20 removed from the ceillMole corresponding to the 

rate of cooling shown in Column 6 

Column ]0 The "lower bound heat transfer coefficient, 1 09(kR')] ] "  fWK-4 given 

by the ICARUS-Systems evaluation and based on measurements with 

the "long thermistor" 

Column ] ) The rate of excess enthalpy generation, Q, /W given by the ICARUS­

Systems evaluation and based on measurements with the "long 

thennistor" 
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- � Cb 
1 2 3 4 5 6 7 8 9 1 0  1 1  

� 
\0 

..,. 
-

300 2.0558 0.01 4799 o 0.01 4799 2.0865 0.015021 0 0.015021 . 0.76046 1 .01 1 9  
600 2.1 380 0.01 5391 0.000205 0.029985 2.1 687 0.015612 0.000208 0.030424 0. 766 0.9521 
900 2.1 982 0.01 5824 0.000394 0.045415 2.2397 0.016123 0.000423 0.046125 0.76807 0.9308 

1 200 2.2867 0.016462 0.000632 0.061245 2.34 1 1  0.01 6853 0.000643 0.062335 0.76605 0.9563 
1 500 2.3885 0.017194 0.000854 0.077585 2.4613 0.017719 0.000871 0.079 1 83 0. 76286 0.9952 
1 800 2.4650 0.01 7745 0.001 084 0.094245 2.5122 0.01 8085 0.00 1 1 08 0.09616 0.76274 0.9977 
2 1 00 2.5662 0.01 8473 0.00132 0. 1 1 1 4 2.6267 0.018909 0.001 348 0.1 1 3721 0.76414 0. 9842 
2400 2.6522 0.01 9093 0.001 563 0.1 28928 2.7222 0.01 9596 0.001598 0.131719 0.76597 0.9653 
2700 2.7728 0.019961 0.001813 0.1 47076 2.8269 0.020356 0.001 854 0. 1 5022 0.76385 0.99 1 4  
3000 2.8405 0.020448 0.002071 0.1 65453 2.9150 0.020985 0.002 1 1 8  0.1 69087 0.76231 1 . 01 05 
3300 2.9824 0.021469 0.002336 0. 1 84586 3.0318 0.021 825 0.002389 0. 1 88524 0.77204 0.9009 
3600 3 . 1 024 0.022334 0.00261 0.20431 3. 1 669 0.022798 0.002669 0.208653 0.76745 0.9555 
3900 3.2344 0.023284 0.002895 0.224699 3.3029 0.023777 0.002959 0.229471 0. 76633 0.9702 
4200 3.3268 0.023949 0.003188 0.24546 3.4005 0.024479 0.003256 0.250691 0.7701 2  0.9277 

4500 3.4551 '0.024872 0.003488 0.266844 3.5589 0.02562 0.003567 0.272744 0.7568 1 . 0832 

4800 3.6057 0 . .025957 0.003799 0.289003 3.6801 0.026493 0.003886 0.295352 0.76281 1 . 0 1 53 

5 1 00 3.7320 0.026866 0.00412 0.3 1 1 749 3.8561 0.027759 0.004216 0.31 8895 0.76772 0.9602 

5400 3.9173 0.0282 0.004453 0.335496 4.0241 <J.028969 0.004559 0.343305 0.75768 1 . 0783 

5700 4.0203 0.028941 0.004797 0.35964 4.1 658 0.029989 0.00491 5 0.368379 0.76269 1 .0216 

6000 4. 1 658 0. 029989 0.005148 0.384481 4.2993 0.03095 0.005278 0.394051 0.75533 1 . 1 081 

6300 4.3418 0.031255 0.00551 1  0.41 0225 4.4770 0.032229 0.005654 0.420625 0.77141 0.9224 

6600 4.4273 0.031871 0.005885 0.436212 4.5730 0.03292 0.00604 0.447505 0.7651 4  0.9962 

6900 4.5255 0.0325[8 0.00626 3 0.462527 4.6752 0.033656 0.006432 0.474729 0.75578 1 . 1 061 

7200 4.6027 0.033134 0.00664 4 0.489017 4.7178 0.033963 0.00682 4 0.501 868 0.76659 0.9802 

7500 4.7924 0. 03449 9 0.00703 3 0.51 6483 5.0366 0.03625 8 0.00722 9 0.530898 0.75209 1 . 1 51 7  

. 7800 5.068 8 0.036489 0.00744 0.545532 5.2141 0.03753 5 0.00765 5 0.560778 0.75 1 9  1 . 1 551 

8 1 00 5.175 2 0.03725 5 0.007864 0.574923 5.362 6 0.03860 4 0.008092 0.59129 0.75705 1 .0958 

8400 5.429 7 0.03908 7 0.00829 9 0.6057 1 1  5.643 o 0.04062 3 0.00854 4 0.623369 0.7466 1 .2 1 98 

8700 5.619 8 0.040456 0.00875 2 0.637415 5.792 5 0.04169 9 0.00901 4 0.656053 0.74604 1 .2273 

9000 5.689 5 0.04095 8 0.00922 1 0.669152 5.940 7 0.04276 6 0.00949 3 0.689326 0.74 1 55 1 .2807 

J 



t3 

9300 5.8477 0.042097 0.00968 0.701 569 6.0866 0.043816 0.009982 0.7231 6  0.74968 1 . 1 862 
9600 6.1472 0.044252 0.010161 0.73566 6.3772 0.045908 0.010483 0.758585 0.73602 1 . 3481 
9900 . 6.3169 0.045474 0.010662 0.770471 6.4850 0.046684 0.01 1 002 0.794267 0.73876 1 .3 1 65 

1 0200 6.5827 0.047388 0.01 1 177 0.806682 6.7490 0.048584 0.01 1 529 0.831 323 0.73645 1 .3449 
1 0500 6.8873 0.04958 0.01 1 7 1 5  0.844547 7. 1 161 0.051228 0.012082 0.870469 0.7281 6  1 .4441 
1 0800 7.0443 0.05071 1 0.012271 0.882987 7.2652 0.0523 0.012656 0.9101 1 3  0.73142 1 .4064 
1 1 1 00 7.3082 0.05261 0.01 284 0.922757 7.5587 0.054414 0.013244 0.951 283 0.72443 1 .4901 
1 1 4DO 7.6096 0.05478 0.01 3429 0.964108 7.9320 0.057101 0.01 3856 0.994528 0.71 593 1 .592 
1 1 700 7.9402 0.05716 0.014042 1 .007226 8.1 735 0.058839 0.014494 1 .038873 0.71578 1 .5946 
1 2000 8.2300 0.059246 0.014682 1 .05179 8.5986 0.061899 0.015155 1 .08561 7 0.69949 1 .7889 
1 2300 8.5849 0.061801 0.015344 1 .098247 9.0243 0.064964 0.015852 1 . 1 3473 0.6931 9  1 .8652 
1 2600 9.0 1 27 0.064881 0.016035 1 . 1 47093 9.4142 0.067771 0.01658 1 . 1 85921 0.6881 1 .9268 
1 2900 9.1595 0.065938 0.016754 1 . 1 96277 9.6383 0.069384 0.017292 1 .23801 3  0.6813 2.0083 
1 3200 9.4263 0.067858 0.017479 1 .246656 9.7332 0.070068 0.01 8099 1 .289982 0.69943 1 .7936 
1 3500 9.8483 0.070896 0.018229 1 .299323 10. 1 593 0.073135 0.01 8872 1 .344245 0.67909 2.0362 
1 3800 1 0.3242 0.074322 0.019015 1 .35463 1 1 .0308 0.079408 0.0196 1 8  1 .404035 0.63903 2.5149 
1 4 1 00 1 0.7598 0.077458 0.019835 1 .412252 1 1 . 1 458 0.080236 0.020569 1 .463702 0.65465 2.3295 
1 4400 1 1 .7469 0.084564 0.020705 1 .4761 1 1  1 2.4508 0.089631 0.021477 1 .531 856 0.58108 3.2089 
14700 1 2.0921 0.087048 0.021651 1 .541509 12.5816 0.090428 0.02248 1 .599804 0.61 526 2. 8024 
1 5000 1 2.69 1 4  0.091363 0.022625 1 .610247 1 3.3905 0.096395 0.023496 1 .672704 0.57004 3.343 
1 5300 1 3.4473 0.096805 0.023651 1 .683401 1 3.6996 0.09862 0.024574 1 .74675 0.55203 3.5592 
1 5600 1 3.8064 0.09939 0.024734 1 .758057 1 4.8843 0.107149 0.025687 1 .82821 2  0.48457 4.3674 
1 5900 1 4. 1481 0 .10185 0.025839 1 .834069 1 5.0469 0. 10832 0.026889 1 .909643 0.48355 4.3801 
16200 1 5.0981 0. 1 08686 0.026977 1 .915779 1 6.4584 0. 1 1 8467 0.028 1 1 5  1 .999995 0.41 708 5. 1 785 

16500 1 5.9535 0.1 1 4846 0.028197 2.002428 1 6.9372 0.121928 0.029455 2.092468 0.40158 5.3655 

1 6800 1 6.1 975 0.1 1 6602 0.02948 2.089551 17.4183 0. 125391 0.030829 2.18703 0.39921 5.396 

1 71 00 1 7.3975 0.1 25241 0.030785 2.184007 19.1407 0.1 377 9 0.032251 2.292569 0.29572 6.6388 

1 7400 1 7.5276 0. 1 2617 8 0.032182 2.278003 1 9.950 2 0.1 4361 8 0. 033822 2.402365 0.27406 6.9008 

1 7700 1 7.2595 0.12424 8 0.033566 2.368684 21 .265 3 0. 1 53084 0.035484 2.51 9985 0.2214 7.5359 

1 8000 1 8.9553 0.1 36458 0.034934 2.470207 24.255 9 0. 1 75333 0.03724 2.658079 0.06785 9.3848 

18300 21 .567 9 0.155263 0.03647 2.589 25.580 9 0.18415 2 0.039301 2.802929 0.0677 9.3915 

1 8600 23. 1 92 4 0.18695 7 0.03825 1 2.717076 26.474 8 0. 1 9058 7 0.04146 1 2.952055 0.09827 9.0287 

1 8900 27.971 5 0.201362 0.04020 9 2.878859 27.977 4 0.201404 0.043696 3.109763 0.16244 8.2842 

1 9200 28.378 7 0.20429 3 0.04261 1 3.040541 28.571 o 0.20567 7 0.046054 3.269386 0.36699 5.8 1 09 

1 9500 35.256 3 0.25380 3 0.04506 8 3.249276 35.4106 0.25491 4  0.04849 3.47581 0.13564 8.6033 



� 

19800 49.0363 0.353033 0.048249 3.55403 52.6380 0.378931 0.051663 3.803077 -0.8247 202371 
20100 90.4157 0.650885 0.05291 4.152005 52.7660 0.379852 0.056636 4.126293 0.0371 9.8271 
20400 28.4082 0.204505 0.06188 4.29463 48.0871 0.346169 0.061601 4.41 0861 1 .37153 -6.3085 
20700 25.4387 0.1 83128 0.064139 4.413619 21 .2551 0.153012 0.065981 4.497892 
21 000 1 6.9942 0.1 22338 0.066012 4.469946 1 4.5340 0. 1 04628 0.067383 4.535137 
21 300 1 1 .1 949 0.08059 0.066739�48_3Z97 __ M9§1 _0.040246 0.068407 4.506967 



Table A . I O  The operation of experiment M7c2 on day 68 during the period 

2 1 ,300s < t < 30,3 00s following evaporation to dryness. 

Column 1 

Column 2 

Column 3 

Column 4 

Column 5 

Column 6 

Column 7 

Column 8 

The elapsed time/s 

The cell temperatureIK 

The cell voltage!W 

The cell current! A 

The enthalpy input IW 
The rate of change of the enthalpy of the calorimeter IW 
The rate specific of excess enthalpy generation IW based on 

the "true heat transfer coefficient, (kR
') 12

" 
= 0.85065 x 1 0-9 WK-4 

The specific rate of excess enthalpy generation IW based on an 

assumed "true heat transfer coefficient, (kR
')12" = 0.65 x 1 0-9 WK-4 

1 44  



I 

I 1 2 3 4 

21 300 375.266 85.581 8  0.70753 
21600 371 .022 1 06.2749 0.00756 
21 900 351 . 586 1 08.4079 0.00259 
22200 335.706 1 08.7809 0.00241 
22500 326.702 108.5842 0.00234 
22800 320.057 1 08.4573 0.00231 
23100 315.3 1 08.2089 0.00364 
23400 312.072 1 07.6734 0. 00437 
23700 310.159 1 07.7278 0.00531 
24000 309.536 1 06.5184 0.00837 
24300 31 0.339 1 07.203 0.00896 

24600 31 0.386 1 06.9013 0.0092 

24900 3 1 0.226 1 06.469 0.0066 

- 25200 310.328 1 07.8791 0.00866 

� 25500 31 0.285 1 07.9053 0.00774 

25800 309.908 1 07.794 0.00875 

26100 3 1 0.024 1 07.3401 0.00903 

26400 309.865 1 07.2287 0.00839 

26700 310. 1 55 1 07.2609 0.00973 

27000 310.12 1 07.2013 0.01 004 

27300 309.991 1 07.4746 0.01 078 

27600 309.906 1 07.4706 0.01051 

27900 309.694 1 08.0222 0.00848 

28200 309.447 1 07.1 287 0.00783 

28500 309. 1 1 1  1 07.8874 0.007 

28800 309.02 1 07.9393 0.00825 

29100 308.745 1 08.7188 0.00616 

29400 308.67 7 1 08.6481 0.00653 

29700 307.99 8 1 08.5754 0.00683 

30000 308.25 5 1 08.6483 0.0088 

30300 306.68 8 1 08.8787 0.01 296 

5 6 

0.7918 - 1 . 1 1 53 

0.2768 -1 .6631 

0.2585 -1 . 1 7 1 7  

0.2505 -0.7369 

0.247 -0.5369 

0.3883 -0.376 

0.4638 -0.2421 

0.5639 -0. 1 1 94 

0.8787 0.0085 

0.9467 0.04 

0.9693 -0.0053 

0.6925 0.0027 

0.9209 -0.01 1 3  

0.8233 -0.0123 

0.9297 -0.002 

0.9554 0.0062 

0.8867 0.012 

1 . 0287 -0.0077 

1 .0608 -0.01 01 

1 .1 42 -0.014 

1 . 1 133 -0.02 1 7  

0.903 -0.0275 

0.8268 -0.0201 

0.7444 -0,0172 

0.8778 -0.0162 

0.6602 -0.0351 

0.6994 -0.0199 

0,731 1 0.0325 

0.9426 0. 1 3 1 2  

1 .391 1 0.1 045 

7 

7.752 

4.5975 

2.9132 

2.2429 

1 .6825 

1 . 1 83 

0.9016 

0.7282 

0.477 

0.5235 

0.4606 

0.7284 

0.4998 

0.5896 

0.4545 

0.4493 

0.5082 

0.375 

0.3368 

0.2385 

0.2298 

0.4092 

0.4599 

0.5352 

0.3753 

0.567 

0.4752 

0.52 1 4  

0.45 1 7  

0.2141 

8 

5. 1 858 

2.4831 

1 .4809 

1 .2334 

0.9224 

0.6028 

0.451 1 

0.3713 

0.1 646 

0. 1 1 54 

0. 1 459 

0.4131 

0. 1 955 

0.2637 

0.1 373 

0.1358 

0. 1 864 

0.0584 

0.0296 

-0,0654 

-0.0544 

0.1381 

0. 1 891 

0.2645 

0.1 086 

0.3225 

0.23 

0.2182 

0.0388 

-0.2272 

' >-3  ., 
2: 
'" 

;> 
-
o 



Table A.1 l  The operation of cell M7c2 during the period 2400s < t < 32,400s of 

day 69. 

Column I 

Column 2 

Column 3 

Column 4 
Column 5 
Column 6 
Column 7 

Column 8 

The elapsed time/s 
The cell temperature measured by the "long thermistor" IK 
The first term on the L.H.S. of equation (A.3). 
The mean temperature of the water bath was ebath = 295,204K 
The second term on the L.H.S. of equation (A.3) 
The sum of Columns 3 and 4 
The rate of change of the enthalpy of the calorimeter fW 
The rate of enthalpy output from the calorimeter fW. 

The "true heat transfer coefficient, (kR')1 2" has been assumed to be 
that for a cell filled with gas alone i.e. 0.85065 x 10-9 WK-4 

The rate of excess enthalpy generation fW 
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� 
1 2 3 4 5 6 7 8 

C> 
?> 
-

300 309. 1 72 
600 309.059 
900 308.846 

1 200 309.065 
1 500 308.837 
1 800 309.306 
2100 309.25 

-

:!3 

2400 308.1 59 0 0 0 0.18173 1 .2106 1 .0289 2700 305.391 0.23577 -0.00902 0.22676 0.23419 0.9387 0.7045 3000 303.1 86 0.47602 -0.01 626 0.45976 0.1 8702 0.7275 0.5405 3300 301 .419 0.72328 -0.0221 0.701 1 8  0.14834 0.5617 0.4134 3600 300.036 0.97267 -0.0267 0.94597 0. 1 1 652 0.4336 0.3171 3900 298.945 1 .22674 -0.03034 1 . 1 964 0.090871 0.3339 0.243 
4200 298.106 1 .47928 -0.03315 1 .44613 0.069883 0.258 0. 1 881 
4500 297.461 1 .72956 -0.03532 1 .69424 0.053693 0. 1 996 0. 1 459 
4800 296.966 1 .97631 -0.03699 1 .93932 0.041 1 51 0.1551 0. 1 1 39 
5100 296.587 2.21786 -0.03826 . 2.17956 0.031 552 0 . 1219 0.0903 
5400 296.296 2.45361 -0.03924 2.41437 0.024346 0.0962 0.07 1 9  
5700 296.07 2.6851 1 -0.04001 2.6451 1  0.018928 0,076 0.0571 
6000 295.894 2.91201 -0.0406 2.87141 0.01474 0.0607 0.046 
6300 295.757 3.1331 1 -0.04107 3.09205 0.01 1 396 0.0485 0.0371 
6600 295.652 3.3435 -0.04142 3.30208 0.008855 0.0394 0.0305 
6900 295.569 3.54825 -0.0417 3.50655 0.006875 0.0323 0.0254 
7200 295.506 3.73762 -0.041 91 3.6957 0.005321 0.0264 0.021 1 
7500 295.456 3.91 853 -0.04208 3.87645 0.004238 0.0223 0.0181 
7800 295.416 4.09131 -0.04222 4.04909 0.003343 0.0187 0.01 54 
81 00 . 295.385 4.24934 -0.04232 4.20702 0.00259 0.0157 0.0131 
6400 295.361 4.39155 -0.0424 4.34915 0.002025 0.0135 0.01 1 5  
8700 295.342 4.52051 -0.04247 4.47804 0.001554 0:01 1 6  0.01 
9000 295.328 4.62746 -0.04252 4.58494 0.001224 0.0103 0.0091 



-.". 
00 

9300 295.316 4.72922 -0.04256 4.68667 0.000989 0.0096 0.0086 9600 295.307 4.81298 -0.04259 4.77039 0.000753 0.0093 0.0085 9900 295.3 4.88335 -0.04261 4.84074 0.000565 0.0077 0.0071 1 0200 
. 

295.295 4.93683 -0.04263 4.8942 0.000471 0.0074 0.0069 1 0500 295.29 4.99333 -0.04265 4.95069 0.000471 0.0076 0.0071 1 0800 295.285 5.05322 -0.04266 5.01 056 0.000235 0.0075 0.0073 1 1 1 00 295.285 5.05322 -0.04266 5.01 056 0.000235 0.0069 0.0067 1 1 400 295.28 5. 1 1 693 -0.04268 5.07425 0.000377 0.007 0.0066 1 1 700 295.277 5.1 572 -0.04269 5. 1 1 451 0.000235 0.0068 0.0066 1 2000 295.275 5.1 8497 -0.0427 5.14228 
1 2300 295.275 5.1 8497 -0.0427 5.14228 
1 2600 295.273 5.21 354 -0.0427 5.1 7084 
12900 295.272 5.2281 4  -0.04271 5.1 8543 
1 3200 295.271 5.24295 -0.04271 5.20024 
1 3500 295.269 5.27326 -0.04272 5.23054 
1 3800 295.267 5.3045 -0.04272 5.26178 
1 4 1 00 295.265 5.33676 -0.04273 5.29403 
14400 295.263 5.37009 -0.04274 5.32736 
14700 295.264 5.35329 -0.04273 5.31 056 
1 5000 295.264 5.35329 -0.04273 5.31056 
1 5300 295.26 5.42228 -0.04275 5.37953 
1 5600 295.26 5.42228 -0.04275 5.37953 
1 5900 295.261 5.40458 -0.04274 5.36183 
16200 295.258 5.45864 -0.04275 5.41 584 
1 6500 295.258 5.45864 -0.04275 5.41 584 
16800 295.258 5.45864 -0.04275 5.41 564 
1 7 1 00 295.258 5.45864 -0.04275 5.41 589 
1 7400 295.256 5.49638 -0.04276 5.45362 
17700 295.255 5.51579 -0.04276 5.47303 
1 8000 295.253 5.5558 -0.04277 5.51303 
1 8300 295.252 5.57641 -0.04277 5.5762 
1 8600 295.252 5.57641 -0.04277 5.5762 
1 8900 295.25 5.61897 -0.04278 5.5761 9 
1 9200 295.263 5.37009 -0.04274 5.32736 
1 9500 295.395 4.19558 -0.04224 4.1 5329 



.jo. 'D 

1 9800 
20100 
20400 
20700 
21 000 
21 300 
21 600 
21 900 
22200 
22500 
22800 
23100 
23400 
23700 
24000 
24300 
24600 
24900 
25200 
25500 
25800 
26100 
26400 
26700 
27000 
27300 
27600 
27900 
28200 
28500 
28800 
291 00 
29400 
29700 
30000 

295.447 3.95488 
295.448 3.95078 
295.432 4.01 857 
295.409 4.1 2487 
295.383 4.26045 

. 295.359 4.40437 
295.339 4.54249 
295.323 4.66861 
295.308 . 4.80332 
295.296 4.9259 
295.286 5.04095 
295.276 5.1 7099 

295.27 5.25799 
295.265 5.33676 

295.26 5.42228 
295.255 5.51 579 

295.25 5.61897 
295.247 5.68641 
295.244 5.75872 
295.241 5.83668 

295.24 5.86407 
295.239 5.89224 
295.237 5.95108 
295.235 6.01 36 
295.232 6. 1 1 538 

295.23 6.1 8948 
295.228 6.26952 
295.229 6.2287 
295.227 6.31 208 
295.224 6.45183 
295.223 6.50313 
295.222 6.557 1 9  

295.22 6.67497 
295.2 1 9  6.73951 

295.22 6.67497 

-0.042 1 1  3.91277 
-0.0421 1 3.90867 
-0.04216 3.97641 
-0.04224 3.97633 
-0.04233 4.21812 
-0.04241 4.36196 
-0.04248 4.50001 
-0.04253 4.62608 
-0.04258 4.76073 
-0.04262 4.88328 
-0.04266 4.99829 
-0.04269 5.1 283 
-0.04271 5.21 528 
-0.04273 5.29403 
-0.04275 5.37953 
-0.04276 5.47303 
-0.04278 5.57619 
-0.04279 5.64361 

-0.0428 5.71 592 
-0.04281 5.79387 
-0.04281 5.82126 
-0.04282 5.84943 
-0.04282 5.90826 
-0.04283 5.97077 
-0.04284 6.07253 
-0.04285 6.1 4663 
-0.04286 6.22666 
-0.04285 6.18585 
-0.04286 6.1 8564 
-0.04287 6.40897 
-0.04287 6.46025 
-0.04288 6.51 432 
-0.04288 6.63209 
-0.04289 6.69662 
-0.04288 6.63209 



v. o 

;'WUUI 295.217 

295 

295 

31200 295 

31500 295.2 

31 800 . 29.'i ?rl!l 

2� 
�?.dflnl 2� �. � 

295 4 

lA?fl11  -0 042891 6.8397 

129 7.0067 

144�1 -o.0429
-
7.1020! 

-0.04291 7.2074: 

f.t>:)::>ftj -0.04292 7.6128· 

7.8381 -0.04292 7.7951 f 

R :wl9� -0.04293 8.30€ 

8.348931 -o.04293! 8.3D! 

4.07262 -0.04221 4 



Table A.12 The final part 76,800s < t < 86,400s and the first part 0 < t < 21,300s 

Column I 

Column 2 

Column 3 
Column 4 
Column 5 
Column 6 
Column 7 
Column 8 
Column 9 
Column J O  
Column I I 

Column 1 2  

of the operation of experiment M 7  c2 on Days 25 and 26 respectively 

The elapsed time/day + 5 
The temperature measured by the "short thennistor" /K 

The cell voltage N 

The cell current! A 
The rate of enthalpy input IW 
The rate of evaporative cooling IW 
The rate of change of the enthalpy content of the calorimeter IW 
f(9) /K4 

The "lower bound heat transfer coefficient, J 09(kR')] ] "  /WK-4 
The specific rate of excess enthalpy generation IW cm-3 

The "lower bound heat transfer coefficient, 1 09(kR')] ] "  /WK:4 given 
by the evaluation of the group at the N.H.E. Laboratories 
The specific rate of excess enthalpy generation IW cm-3 given by the 
evaluation of the group at the N.H.E. Laboratories. 

l S I  



-V> tv 

1 

Day 25 
76800 
77100 
77400 
77700 
78000 
78300 
78600 
78900 
79200 
79500 
79800 
80100 
80400 
80700 
81000 
81 300 
81600 
81 900 
82200 
82500 
82800 
83100 
83400 
83700 
84000 
84300 
84600 
84900 

2 3 '  

334.453 7.6938 
. 334.457 7.6992 
334.435 7.7184 
334.447 7.7214 
334.434 7.7202 
334.442 7.703 
334.451 7.7032 

334.42 7.7292 
334.'134 7.7089 

334.44 7.681 1  
334.438 7.7032 
334.�26 7.7205 
334.418 7.6872 

334.42 7.7174 
334.409 7.687 
334.416 7.7167 
334.408 7.7018 
334.413 7.7059 
334.416 7.741 1  
'334.41 7.7169 
334.42 7.6813 

334.41 1  7.7103 
334.405 7.6763 
334.424 7.7067 
334.423 7.7047 
334.418 7.7064 
334.419 7.7225 
334.386 7.68 

4 5 6 

0.65382 4.032 0.0532 
0.65381 4.0355 0.0533 
0.65382 4.0481 0.0532 
0.65382 4.05 0.0532 
0.65382 4.0492 0.0532 
0.65382 4.038 0.0532 
0.65383 4.0382 0.0532 
0.65383 4.0552 0.0531 
0.65383 4.0419 0.0532 
0.65383 4.0237 0.0532 
0.65383 4.0382 0.0532 
0.65384 4.0496 0.0532 
0.65383 4.0277 0.0531 
0.65383 4.0475 0.0531 
0.65383 4.0276 0.0531 
0.65384 4.047 0.0531 
0.65383 4.0373 0.0531 
0.65383 4.04 0.0531 
0.65383 4.063 0.0531 
0.65383 4.0471 0.0531 
0.65383 4.0239 0.0531 
0.65383 4.0428 0.0531 
0.65383 4.0206 0.0531 
0.65383 4.0405 0.0532 
0.65384 4.0392 0.0532 
0.65384 4.0403 0.0531 
0.65384 4.0508 0.0532 
0.65383 4.023 0.053 

7 8 9 

-0.0032 4.91 859 0.80956 
-0.0143 4.91 826 0.81 257 
-0.0079 4.91589 0.81426 
-0.0008 4.91687 0.81 304 
-0.004 4.91554 0.81375 
0.0135 4.91622 0.8078 

-0.0174 4.91788 0.81384 
-0.0135 4.91262 0.81739 
0.0158 4.91554 0.80823 
0.0032 4.91633 0.80698 

-0.01 1 1  4.91552 0.81295 
-0.0158 4.91444 0.81642 
-0.0048 4.91335 0.8099 
-0.0071 4.91272 0.81451 
-0.0032 4.91077 0.80999 
-0.0008 4.91315 0.81306 
-0.0024 4.91155 0.81 1 67 
0.0063 4.91199 0.81 037 

-0.0008 4.91264 0.81639 
0.0032 4.91205 0.81246 
0.0008 4.91365 0.80794 

-0.01 19  4.91 148 0.81474 
0.0103 4.91 13  0.80574 
0.0143 4.91404 0.80851 

-0.0048 4.91348 0.81222 
-0.0032 4.91304 0.8122 
-0.0253 4.91329 0.8188 
-0.0055 4.90753 0.81009 

10 1 1  

1 . 194 0.80826 
1 .029 0.81 134 
0.984 0.81 298 
1 .019 0.81 171 
0.999 0.81245 
1 . 166 0.80639 
0.993 0.81 263 
0.897 0.81 615 
1 . 1 55 0.80681 
1 . 1 83 0.80563 
1 .019 0.81 1 7  
0.923 0.81 51 9 
1 . 103 0.80861 
0.977 0.81 323 
1 . 1 01 0.80868 
1 .019 0.81 175 
1.056 0.81 036 
1 .093 0.809 
0.928 0.8154 
1 .036 0.81 1 1 2 
1 . 158 0.80661 
0.974 0.81 349 

1 .22 0.80434 
1 .1 38 0.8071 

1 .04 0.81093 
1 .041 0.81 089 
0.856 0.81765 
1 .097 0.80879 

1 2  

-0.384 
-0.463 
-0.506 
-0.473 
-0.492 
-0.335 
-0.497 
-0.587 
-0.346 
-0.315 
-0.472 
-0.563 
-0.392 
-0.512 
-0.394 
-0.473 
-0.437 
-0.402 
-0.568 
-0.457 

-0.34 
-0.51 9 
-0.281 
-0.353 
-0.452 
-0.451 
-0.627 
-0.396 
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85200 334.412 7.6867 0.65385 4.0275 0.0531 0.01 1 1  4.91286 0.80673 1 . 1 94 0.80533 -0.307 
85500 334.4 7.7094 0.65383 4.0422 0.0531 -0.0103 4.91066 0.81 444 0.978 0.81 318 -0.51 
85800 334.399 7.7171 0.65383 4.0473 0.0531 0.01 1 9  4.90999 0.81 1 06 1 .076 0.80966 -0.419 
86100 334.415 7.681 1 0.65383 4.0237 0.0531 0.01 1 1  4.9127 0.80598 1 .214 0.80458 -0.287 
86400 334.41 3 7.6753 0.65383 4.0199 0.053.1 4.9125 Day 26 

-
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300 331 .523 8.2294 0.65383 4.3822 
600 330.437 4.2975 0.20097 0.5568 0.0131 -2. 1348 4.32896 0.61 874 0.6338 3.652 
900 328.826 4.3639 0.20093 0.57 0.012 -2.4548 4.09775 0.73524 1 .896 0.75346 0.867 

1 200 327.337 4.4188 0.20091 0.581 0.01 1 -2.2753 3.88659 0.73206 1 .882 0.74996 0.894 
1 500 325.952 4.4896 0.2009 0.5952 0.0102 -2. 1 169 3.69434 0.73136 1 .77 0.74882 0.872 
1 800 324.663 4.5531 0.2009 0.6079 0.0095 -1 .9792 3.51663 0.73297 1 .708 0.75007 0.807 
2100 323.452 4.5967 0.20089 0.6167 0.0089 -1 .8446 3.35148 0.731 71 1 .663 0.74839 0.799 
2400 322.333 4.6406 0.20089 0.6255 0.0084 -1 .7179 3.20121 0.72942 1 .642 0.74561 0.81 
2700 321 .282 4.7005 0.20088 0.6375 0.0079 -1 .6103 3.06152 0.73161 1 .542 0.74743 0.745 
3000 320.299 4.7275 0.20088 0.6429 0.0075 -1.5144 2.93099 0.73349 1 .454 0.74898 0.689 
3300 31 9.369 4.7638 0.20089 0.6502 0.0072 -1 .4226 2.8097 0.7352 1 .376 0.75032 0.641 
3600 31 8.502 4.7918 0.20088 0.6559 0.0068 . -1 .3339 2.69709 0.73524 1 . 329 0.74995 0.621 

3900 31 7.684 4.8229 0.20088 0.6621 0.0065 -1.2524 2.59136 0.73629 1 .273 0.75059 0.587 

4200 316.92 4.8589 0.20088 0.6693 0.0063 -1 . 1 724 2.49445 0.73583 1 .239 0.74969 0.577 

4500 316.203 4.8817 0.20088 0.6739 0.006 -1 . 1 044 2.40306 0.7375 1 . 1 79 0.75097 0.54 

4800 31 5.525 4.9122 0.20088 0.68 0.0058 -1 .1039 2.3179 0.76714 0.747 0.75241 0.503 

5100 314.89 4.9339 0.20088 0.6844 0.0056 -0.9809 2.23774 0.74398 0.988 0.75437 0.463 

5400 31 4.286 4.957 0.20088 0.689 0.0054 -0.9254 2.1 6252 0.74406 1.003 0.75642 0.424 

5700 313.721 4.9769 2.0088 0.693 0.0053 -0.8653 2.09327 0.74194 1 .004 0.75378 0.44 

6000 313.. 1 93 5.0034 0.20088 0.6983 0.0051 -0.8178 2.02802 0.74509 0.944 0.75657 0.396 

6300 312.688 5.0268 0.20088 0.703 0.005 -0.7703 1 .96591 0.74693 0.901 0.75801 0.369 

6600 312.22 5.0471 0.20088 0.7071 0.0048 -0.7259 1 .9087 0.74827 0.867 0.75897 0.348 

6900 31 1 .771 5.0658 0.20088 0.7109 0.0047 -0.6832 1 .85467 0.7491 1 0.84 0.7594 0.334 

7200 31 1 .357 5.0743 0.20088 0.7126 0.0046 -0.6436 1 .80417 0.74915 0.823 0.75901 0.329 

7500 31 0.958 5.0889 0.20088 0.7155 0.0045 -0.61 1 2  1 .7565 0.75274 0.771 0.76227 0.29 

7800 31 0.585 5. 1 1 1  0.20088 0.72 0.0044 -0.5708 1.71 1 0.75181 0.767 0.76085 0.295 

8100 310.237 5. 1 1 65 0.20088 0.72 1 1  0.0043 -0.5407 1 .66978 0.75305 0.742 0.76176 0.28 

8400 309.902 5.1 355 0.20088 0.7249 0.0043 -0.51 06 1.62942 0.75504 0.706 0.76397 0.254 

8700 309.592 5. 1 539 0.20088 0.7286 0.0042 -0.4782 1 .59237 0.75521 0.699 0.76308 0.256 

\ 
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v. .... 

9000 

9300 

9600 

9900 

1 0200 
1 0500 
1 0800 
1 1 1 00 

1 1 400 

1 1 700 

1 2000 
1 2300 
1 2600 
1 2900 

1 3200 

1 3500 

1 3800 
1 4 1 00 

1 4400 

14700 

1 5000 

1 5300 
1 5600 

1 5900 

1 6200 

16500 
16800 

17100 
17400 
1 7700 

1 8000 

1 8300 

18600 
1 8900 

1 9200 

309.298 
309.02 

308.751 

308.51 3  
308.283 
308.051 
307.645 

307.653 

307.468 

307.298 

307.1 26 

306.971 

306.829 

306.691 

306.553 

306.431 

306.31 

306.203 

306.099 

305.999 

305.902 

305.812 
305.732 

305.655 

305.581 

305.504 
305.445 

305.375 

305.319 

305.261 

305.21 5 
305. 163 

305.1 2  

305.073 

305.033 

5.1 565 0.20088 
5. 1 675 0.20088 
5. 1 832 0.20088 
5.2052 0.20088 
5.21 22 0.20088 
5.2 1 82 0.20088 
5.2298 0.20088 
5.2339 0.20088 
5.2447 0.20088 
5.2451 0.20088 
5.2515 0.20088 
5.2636 0.20088 
5.2817 0.20088 
5.2853 0.20088 
5.2854 0.20088 
5.2905 0.20088 

5.295 0.20088 
5.3008 0.20088 
5.3 1 1 4  0.20088 

5.31 8 0.20088 

5.3148 0.20088 

5.3 1 7  0.20088 
5.3123 0.20088 
5.3231 0.20088 

5.3234 0.20088 

5.3312 0.20088 

5.327 0.20088 

5.3423 0.20088 

5.3297 0.20088 

5.3285 0.20088 

5.3391 0.20088 

5.3537 0.20088 

5.3425 0.20088 

5.3408 0.20088 

5.3493 0.20088 

0.7291 0.0041 -0.4528 
0.7313 0.004 -0.433 

0.7345 0.004 -0.4014 

0.7389 0.0039 -0.3705 
0.7403 0.0039 -0.3618 
0.7415 0.0038 -0.3467 
0.7438 0.0038 -0.31 9 
0.7446 0.0038 -0.2985 
0.7468 0.0037 -0.281 
0.7469 0.0037 -0.2708 
0.7482 0.0036 -0.2589 
0.7506 0.0036 -0.2351 
0.7542 0.0036 -0.2217 

0.755 0.0036 -0. 2185 
0.755 0.0035 -0.2058 

0.756 0.0035 -0. 1 924 

0.7569 0.0035 -0. 1 805 

0.7581 0.0035 -0. 1 67 

0.7602 0.0034 -0. 1 6 1 5  

0.76 1 5  0.0034 -0.156 

0.7609 0.0034 -0.148 

0.7613 0.003.4 -0. 1 346 

0.7604 0.0034 -0. 1 243 

0.7626 0.0034 -0. 1 1 95 

0.7626 0.0033 -0. 1 1 95 

0.7642 0.0033 -0.1 077 

0.7633 0.0033 -0. 1 021 

0.7664 0.0033 -0.0998 

0.7639 0.0033 -0.0903 

0.7637 0.0033 -0.0823 

0.7658 0.0033 -0.0776 

0.7687 0.0033 -0.0752 

0.7665 0.0033 -0.07 1 3  

0.7661 0.0032 -0.0689 

0.7678 0.0032 -0.0657 

1 .55762 0.75601 0.682 0.7637 0.245 

1 .52518 0.76076 0.63 0.76805 0.205 

1 .49336 0.75793 0.647 0.76469 0.227 

1 .46548 0.75433 0.671 0.76056 0.255 

1 .4389 0.76321 0.589 0.76937 0 . 1 83 
1 .41 1 92 0.76804 0.542 0.774 0. 1 45 
1 . 38748 0.76331 0.576 0.76872 0. 1 82 
1 . 36468 0.76161 0.584 0. 76664 0. 1 94 
1 .34325 0.76243 0.572 0.7671 0 .188 
1 . 32361 0.76606 0.539 0.77058 0 . 1 6  
1 .30345 0.76982 0.506 0.7741 1 0. 1 34 
1 .28612 0.76364 0.549 0.76741 0. 1 78 
1 .26981 0.76631 0.526 0.76922 0. 1 63 
1 .25336 0.77386 0.468 0.77731 0. 1 07 
1 .23786 0.77334 0.463 0.77652 0. 1 1 1  

1 .2235 0.77229 0.473 0.7751 5 0. 1 1 9  
1 .20968 0.77206 0.472 0.77467 0. 1 2  
1 . 1 9708 0.76993 0.484 0.77222 0. 1 35 

1 . 1 8514 0.77485 0.448 0.77698 0. 1 04 

1 . 1 7409 0.77855 0.422 0.78054 0.08 

1 . 16277 0.77876 0.4 1 8  0.78054 0.079 

1 . 1 5257 0.77439 0.446 0.77587 0 . 1 07 

1 . 1 4322 0.77091 0.467 0.772 1 2  0. 1 29 

1 . 1 3473 0.77442 0.442 0.77547 0. 1 08 

1 . 1 2607 0.78043 0.402 0.78153 0.071 

1 . 1 176 0.7771 5  0.422 0.77788 0.092 

1 . 1 1 066 0.77626 0.426 0.77684 0.098 

1 . 1 0248 0.78266 0.384 0.78321 0.06 

1 .09652 0.77596 0.426 0.77624 0.1  

1 .08981 0.77326 0.386 0.77327 0.1 1 6  

1 .08427 0.7748 0.431 0.77468 0. 1 08 

1 .07826 0.77965 0.401 0. 77946 0.08 

1 .07337 0.77742 0.4 1 3  0.7771 1 0.093 

1 .06793 0.77886 0.403 0.77847 0.085 

1 .06308 0.78103 0.389 0.78056 0.073 



v. 

v. 

1 9500 

1 9800 

20100 

20400 

20700 

21000 

21 300 

304.99 5.3485 

304.948 5. 3525 

304.917 5.3595 

304;883 5.361 7 

304.851 5.3547 

304,811 5.3554 

304.789 5.3659 

0.20088 0.7677 0.0032 

0.20088 0.7685 0.0032 

0.20088 0.7699 0.0032 

0.20088 0.7703 0.0032 

0.20088 0.7689 0.0032 

0.20088 0.7691 0.0032 

0.20088 . . 9.771 2  0.0032 

-0.0673 1 .05861 0.78568 0.36 0.78525 0.046 

-0.0578 1 . 05477 0.78031 0.392 0.77959 0.078 

-0.051 5 1 .05084 0.77854 0.403 0.77766 0.088 

-0.0523 1 .04709 0.78252 0.378 0.78162 0.066 
-0.057 1 .04315 0.78868 0.34 0.78793 0.031 

-0.0491 1 .03852 0.78471 0.364 0.78372 0.05� 

-0.0348 1 .03644 0.77458 0.425 . 0.7731 1 0 .1 1 2  
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