










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Point 

576 

600 

650 

700 

750 

792 

(792,793,794) 

(790,791,792) 

800 

859 

(2-23)P/F formula 

(2-23) MW formula 

TABLE 4 

Kr Values Required for Or to Be Zero 

Cell 2 

Time Temp !r (to force Of .:._..Ql

17338 7 

180587 

195587 

210587 

225587 

238187 

average 

average 

240587 

258287 

74.763'C 

79. 760

81.689

83.844 

87.014 

90.026 

90.578 

94.434 

47.109 to 47. 704 

47.109 to 47. 704 
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5.69 1o'10

5.618 1o'10

5. 609 lo' lO

5. 579 lo' lO

5.497 1o'10

5.322 10·10

5.322 1o'10

5. 352 10
° lO 

5. 352 lo' lO

4.498 1o'10

5. 725 lo' lO

5.746 10·10



or about 14% of the radiative output. The integrated excess heat is 

about 170 megajoules per mole of palladium or about 1700 eV per Pd atom. 

This is about 400 times the vaporization energy of Pd for the electrode 

of cell 2! 

Now suppose for some reason we don't want to accept the given heat 

pulse value for cell 2, i.e., the 0.27 watts value. What can we say 

about the results without this datum? For one thing we can expect the 

excess heat to remain above zero. Suppose we again take an approach that 

gives us a lower bound on Of throughout the run by letting Of be zero in

the 0.2 amps region at the begining. A Kalman filter calculation is made 

throughout the run, and Kr is adjusted to set Of = 0 in the 0.2

region. This requires a Kr of 5.95 10-
10

. Throughout the 0.4 amps

Of still averages about 0.25 watts for three days. The shape of

just isn't that of a blankcell. In table 4 are shown the values 

amps 

range 

things 

of Kr
required at various points to make Of equal to zero. Not only is a great 

range required, atypical of a blankcell, but the shape of Of with fixed

Kr is unreasonable for a blankcell. Therefore cell 2 appears to be 

producing large amounts of excess heat, with the amount increasing with 

temperature. 
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ANALYSIS OF PONS/FLEISCHMANN CALORIMETRIC DATA 

Part 'Iwo 

In part two we continue to discuss members of the set of silvered 

cells which we have analyzed. Most of the space will be allotted to the 

cell 6 experiment because of its great significance in the whole study. 

We will also include a short discussion of cell 7. Both are heatcells 

with 0.1 F LiOD in D20 as electrolyte and Pd electrodes. 

ANALYSIS OF HEA'ICELL 7 

There is no blank for this run, and there are no heat pulses 

applied during the run. Also we have found no good places during the run 

to solve for Kr, Of, and Cp all together. Figure 1 shows what we get for

Of using a Kalman filter with Kr taken as a conservative 5.95 10-10
.

(That is the Kr for cell 3, a blankcell, the lowest we have found in 

this set of cells.) A modest excess heat is indicated, but we have found 

no compelling proof of it. 

ANALYSIS OF HEA'ICELL 6 

In figure 2 are shown the raw data for cell 6. Notice the two 

current ranges. In the 0.2 amps period the temperature is low and 

unusually steady. The voltage is noisy (probably �cause of bubbling) 

but very useable. In the 0.4 amps range the temperature rises smoothly 

to boiling. A unique feature of this run is the presence of four heat 

pulses. Once again the power of the pulses is 0.27 watts (actually 0.272 

watts in the present case). There is even a pulse of the same wattage in 

the high temperature region. This gives us a chance to compare output 

pulse heights in the two temperature regions, examine internal 

consistency, and further test the validity of the model. 

In figure 3 is shown the Kalman filter output of Of as a function 

of time. Here a value of 8.0 10-
10 

is used for Kr. It is clearly the

value demanded by the heat pulses. This can be seen by inversion of data 

through the region of any heat pulse or by insisting that the Kalman 

filter output be a square pulse of height 0.272 watts. While this large 

heat coefficient is easily understood as caused by a little gas spoiling 

the vacuum of the cell dewar vessel, the fact that it happens in the 

largest heat producing cell is puzzling. We will speak more of this 

later. It should be understood here that there is no mistake concen1ing 

what Pons gives as the heat pulse wattage. In yet third discussion of 

this subject, on May 21, 1991 Pons told me personally, and another who 
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had helped run the experiments verified, that they had always used 0.27 

watts in the heat pulses of this set, a constant current of 50 milliarnps 

through a precision, temperature insensitive resistor string. This gave 

a measured voltage drop of 5.44 volts in the case of cell 6, or 0.272 

watts. 

In figure 4 is shown the total excess heat input, Of + HP, 

calculated in three different ways, by Kalman filter, by P/F model 

fonnula, and by MWF. They all agree well except in the highest 

temperature region, i.e. in the region beyond the last heat pulse. Here 

the MWF calculation deviates. This is to be expected because the P/F 

fonnulation was used in the Kalman filter and the MWF approach doesn't 

-account for vapor evolution in such a detailed way. It should be noted

that even though the non-filtered calculations look very noisy,

especially in the high temperature region, all of the information is

there, and a statistical analysis of the data yields well defined values

of Of and of the heat pulses, HP.

It would be a nice confirmation of the large Kr dictated by the 

heat pulses if an analysis of data in a no heat pulse period gave a 

similar result. The most likely place to look is day 13 outside the heat 

pulse period and day 14. We have done this, and . do indeed get by 

regression analysis a value of Kr similar to that obtained by using the

heat pulses. We have gotten similar results using the P/F fonnulas and 

the MWF approach. By allowing Of to vary quadratically in time, and

solving for Kr and Of using p:>ints from T < 90 deg C, we get Kr = 

7.74 10-10 
and Of at 1.126 mega seconds of 1.46 watts, going up

quadratically from there. We also get a solution using the MWF fonnula. 

Here Kr = 7.810-10 
and Of= 1.49 watts. Other periods might also be

present in the data which give solutions. We have not exhausted the 

p:>ssibilities. 

If this analysis holds, and we see no way around it at the present 

time, the excess p:,wer of cell 6 is impressive indeed. The excess p:>wer 

is about 1.5 watts for the first two days of the 0.4 amps region. The 

electrode is small, 1mm dia by 1.25 cm long. Counting the 0.4 amps 

period and the 0.2 amps period, there is about 6000 eV per Pd atom 

excess energy, or over a thousand times the energy required to vap:>rize 

the electrode. Putting it this way it is easy to see that we are not 

dealing with known chemistry or metallurgy. At issue is a profound 

energy source. It is of utmost imp:>rtance that these results be 
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reproduced. 

SPECIAL POINI'S 

In this section we will discuss a number of special points that 

have come up during the analysis. This analysis has been far from 

exhaustive even though we have spent some months on it. We have gone 

further than reported here in a number of ways, but some things have not 

yet been fonnalized in report form. For example, we have redone much of 

the regression analysis using both a radiative heat transfer 

coefficient, Kr, and a conductive coefficient, Kc, in parallel. We now 

believe this is the correct way to do it. However, the use of Kc tends 

to increase Qf, so the use of Kr alone was a conservative approach. 

The use of heat pulses as a calibration of cells easily can be 

shown to be completely valid as far as the mathematics is concerned. Let 

us discuss the physics. The heaters are placed inside the cell in a 

position approximating that of an electrode. The response of the cell to 

heat from the resistors would be the same as the response to Of 
generated in the electrode. The heat pulse can be applied any time. When 

the analysis is carried out "exactly" as we have done, the pulse can be 

of any time duration, so long as good numerical derivatives are 

possible. In the data we have addressed the pulse was maintained at a 

constant power long enough to reach a new steady state, presumably to 

facilitate analysis. We encourage the frequent use of heat pulses in the 

future in this type of work. For example, if blankcells had frequent and 

carefully placed heat pulses, not only could the Kr be determined, but 

the Kr, Kc, and Cp of the cell could be determined, and at various 

temperatures. Also the degree to which the cell analysis is valid could 

be checked in detail. For example, if the heat pulses get reproduced 

correctly by the analysis at 93 deg C then the analysis is valid at this 

temperature. After all, the end purpose of the analysis is to determine 

unknown heat production, Of. 

On the matter of heat transfer out of the cell, we believe that it 
4 4 should be represented by Kr{T -Tb) + Kc{T-Tb), where Kr and Kc are the 

radiative and conductive heat transfer constants, and T and Tb are 

Kelvin temperatures of cell and bath. These act in parallel. The Kr can 

be expected to remain constant because it depends mainly on geometry. It 

can be approximated by blackbody theory, but glass surfaces are not 

blackbodies because of the 5% or so specular reflection and because they 

are semi-transparent in the near infrared. Water and heavy water are 
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also semi-transparent in the near infrared, but D20 has a different 

spectrum than H2o in the near infrared and in the mid infrared. The main 

radiation flux involved is in these spectral regions, and the wavelength 

in the infrared at which the electrolyte becomes opaque is shifted a 

great deal by the mass of the deuteron being twice that of the proton. 

Therefore, the emissivity of a cell probably varies with the 

electrolyte. In any case, the Kr is surely less than that calculated by

blackbody theory. It should be constant, however, from run to run and 

even from cell to cell. The conductive part, however, easily changes by 

a little outgassing into the vacuwn jacket. Kc can be expected to vary 

from cell to cell and perhaps even with temperature and time. One 

technique, then, is to fix Kr at some reasonable value, say, 5.0 10-
10 

or 5.5 10-
10 

and fit Kc by the data instead of fitting Kr. One advantage

of this procedure is that detailed fit math now works with T instead of 

T
4
, and less precision is required'. Also the model is closer to reality.

When looking at the overall results of this study it will be 

noticed that there is a correlation between excess heat and the size of 

Kr. One would expect none. Some have suggested that this correlation is 

unacceptable and that the data must be wrong. Of course anybody's data 

"could" be wrong. It is also often the case that correlations show up 

when they aren't expected. In the present case we can think of at least 

one possible reason for a correlation. It has recently been reported by 

researchers that He is produced by cells generating excess heat. It 

turns out that He readily diffuses through pyrex glass. Perhaps excess 

heat is accompanied by He which spoils the vacuwn a bit increasing Kc 

enough to give the high heat transfers found. A quick calculation 

indicates that there might be enough He to do it. Of course there also 

might be simpler explanations. 

In this study we use the mathematical models of Pons and 

Fleischmann and C. Walling. The P/F models are discussed in references 

[1-5). The Walling formula was in an unpublished work given to me by 

Walling. We modified it to use (T
4

-'Ib
4
) instead of (T-'Ib), and further

to use both Kr and Kc-

526 



REFERENCES 

1. S. Pons and M. Fleischmann, "Calorimetric Measurements of the 

Palladium/Deuterium System: Fact and Fiction", Fusion Technology 17, 

669 (1990). 

2. S. Pons and M. Fleischmann, "Calorimetry of the Palladium-Deuterium

System", p. 1, Proc. First Annual Conference on Cold Fusion, Salt

Lake City, March 28-31, 1990.

3. M. Fleischmann, S. Pons, M.W. Anderson, L.J. Li, and M. Hawkins,

"Calorimetry of the Palladium-Deuterium-Heavy Water System", J. 

Electroanal. Chem. 287, 293 (1990) 

4. M. Fleischmann, S. Pons and M. Hawkins, "Electrochemically Induced

Nuclear Fusion of Deuterium", J. Electroanal. Chem. 261, 301 ( 1989). 

5. M. Fleischmann, S. Pons, and M. Hawkins, Errata, J. Electroanal. 

Chem. 263, 187 (1989).

527 



Finito di stampare 
nel dicembre 1991 

Tipografia Compositori - Bologna 


	ICCF2 001
	ICCF2 002
	ICCF2 003
	ICCF2 004
	ICCF2 005
	ICCF2 006
	ICCF2 007
	ICCF2 008
	ICCF2 009
	ICCF2 010
	ICCF2 011
	ICCF2 012
	ICCF2 013
	ICCF2 014
	ICCF2 015
	ICCF2 016
	ICCF2 017
	ICCF2 018
	ICCF2 019
	ICCF2 020
	ICCF2 021
	ICCF2 022
	ICCF2 023
	ICCF2 024
	ICCF2 025
	ICCF2 026
	ICCF2 027
	ICCF2 028
	ICCF2 029
	ICCF2 030
	ICCF2 031
	ICCF2 032
	ICCF2 033
	ICCF2 034
	ICCF2 035
	ICCF2 036
	ICCF2 037
	ICCF2 038
	ICCF2 039
	ICCF2 040
	ICCF2 041
	ICCF2 042
	ICCF2 043
	ICCF2 044
	ICCF2 045
	ICCF2 046
	ICCF2 047
	ICCF2 048
	ICCF2 049
	ICCF2 050
	ICCF2 051
	ICCF2 052
	ICCF2 053
	ICCF2 054
	ICCF2 055
	ICCF2 056
	ICCF2 057
	ICCF2 058
	ICCF2 059
	ICCF2 060
	ICCF2 061
	ICCF2 062
	ICCF2 063
	ICCF2 064
	ICCF2 065
	ICCF2 066
	ICCF2 067
	ICCF2 068
	ICCF2 069
	ICCF2 070
	ICCF2 071
	ICCF2 072
	ICCF2 073
	ICCF2 074
	ICCF2 075
	ICCF2 076
	ICCF2 077
	ICCF2 078
	ICCF2 079
	ICCF2 080
	ICCF2 081
	ICCF2 082
	ICCF2 083
	ICCF2 084
	ICCF2 085
	ICCF2 086
	ICCF2 087
	ICCF2 088
	ICCF2 089
	ICCF2 090
	ICCF2 091
	ICCF2 092
	ICCF2 093
	ICCF2 094
	ICCF2 095
	ICCF2 096
	ICCF2 097
	ICCF2 098
	ICCF2 099
	ICCF2 100
	ICCF2 101
	ICCF2 102
	ICCF2 103
	ICCF2 104
	ICCF2 105
	ICCF2 106
	ICCF2 107
	ICCF2 108
	ICCF2 109
	ICCF2 110
	ICCF2 111
	ICCF2 112
	ICCF2 113
	ICCF2 114
	ICCF2 115
	ICCF2 116
	ICCF2 117
	ICCF2 118
	ICCF2 119
	ICCF2 120
	ICCF2 121
	ICCF2 122
	ICCF2 123
	ICCF2 124
	ICCF2 125
	ICCF2 126
	ICCF2 127
	ICCF2 128
	ICCF2 129
	ICCF2 130
	ICCF2 131
	ICCF2 132
	ICCF2 133
	ICCF2 134
	ICCF2 135
	ICCF2 136
	ICCF2 137
	ICCF2 138
	ICCF2 139
	ICCF2 140
	ICCF2 141
	ICCF2 142
	ICCF2 143
	ICCF2 144
	ICCF2 145
	ICCF2 146
	ICCF2 147
	ICCF2 148
	ICCF2 149
	ICCF2 150
	ICCF2 151
	ICCF2 152
	ICCF2 153
	ICCF2 154
	ICCF2 155
	ICCF2 156
	ICCF2 157
	ICCF2 158
	ICCF2 159
	ICCF2 160
	ICCF2 161
	ICCF2 162
	ICCF2 163
	ICCF2 164
	ICCF2 165
	ICCF2 166
	ICCF2 167
	ICCF2 168
	ICCF2 169
	ICCF2 170
	ICCF2 171
	ICCF2 172
	ICCF2 173
	ICCF2 174
	ICCF2 175
	ICCF2 176
	ICCF2 177
	ICCF2 178
	ICCF2 179
	ICCF2 180
	ICCF2 181
	ICCF2 182
	ICCF2 183
	ICCF2 184
	ICCF2 185
	ICCF2 186
	ICCF2 187
	ICCF2 188
	ICCF2 189
	ICCF2 190
	ICCF2 191
	ICCF2 192
	ICCF2 193
	ICCF2 194
	ICCF2 195
	ICCF2 196
	ICCF2 197
	ICCF2 198
	ICCF2 199
	ICCF2 200
	ICCF2 201
	ICCF2 202
	ICCF2 203
	ICCF2 204
	ICCF2 205
	ICCF2 206
	ICCF2 207
	ICCF2 208
	ICCF2 209
	ICCF2 210
	ICCF2 211
	ICCF2 212
	ICCF2 213
	ICCF2 214
	ICCF2 215
	ICCF2 216
	ICCF2 217
	ICCF2 218
	ICCF2 219
	ICCF2 220
	ICCF2 221
	ICCF2 222
	ICCF2 223
	ICCF2 224
	ICCF2 225
	ICCF2 226
	ICCF2 227
	ICCF2 228
	ICCF2 229
	ICCF2 230
	ICCF2 231
	ICCF2 232
	ICCF2 233
	ICCF2 234
	ICCF2 235
	ICCF2 236
	ICCF2 237
	ICCF2 238
	ICCF2 239
	ICCF2 240
	ICCF2 241
	ICCF2 242
	ICCF2 243
	ICCF2 244
	ICCF2 245
	ICCF2 246
	ICCF2 247
	ICCF2 248
	ICCF2 249
	ICCF2 250
	ICCF2 251
	ICCF2 252
	ICCF2 253
	ICCF2 254
	ICCF2 255
	ICCF2 256
	ICCF2 257
	ICCF2 258
	ICCF2 259
	ICCF2 260
	ICCF2 261
	ICCF2 262
	ICCF2 263
	ICCF2 264
	ICCF2 265
	ICCF2 266
	ICCF2 267
	ICCF2 268
	ICCF2 269
	ICCF2 270
	ICCF2 271
	ICCF2 272
	ICCF2 273
	ICCF2 274
	ICCF2 275
	ICCF2 276
	ICCF2 277
	ICCF2 278
	ICCF2 279
	ICCF2 280
	ICCF2 281
	ICCF2 282
	ICCF2 283
	ICCF2 284
	ICCF2 285
	ICCF2 286
	ICCF2 287
	ICCF2 288
	ICCF2 289
	ICCF2 290
	ICCF2 291
	ICCF2 292
	ICCF2 293
	ICCF2 294
	ICCF2 295
	ICCF2 296
	ICCF2 297
	ICCF2 298
	ICCF2 299
	ICCF2 300
	ICCF2 301
	ICCF2 302
	ICCF2 303
	ICCF2 304
	ICCF2 305
	ICCF2 306
	ICCF2 307
	ICCF2 308
	ICCF2 309
	ICCF2 310
	ICCF2 311
	ICCF2 312
	ICCF2 313
	ICCF2 314
	ICCF2 315
	ICCF2 316
	ICCF2 317
	ICCF2 318
	ICCF2 319
	ICCF2 320
	ICCF2 321
	ICCF2 322
	ICCF2 323
	ICCF2 324
	ICCF2 325
	ICCF2 326
	ICCF2 327
	ICCF2 328
	ICCF2 329
	ICCF2 330
	ICCF2 331
	ICCF2 332
	ICCF2 333
	ICCF2 334
	ICCF2 335
	ICCF2 336
	ICCF2 337
	ICCF2 338
	ICCF2 339
	ICCF2 340
	ICCF2 341
	ICCF2 342
	ICCF2 343
	ICCF2 344
	ICCF2 345
	ICCF2 346
	ICCF2 347
	ICCF2 348
	ICCF2 349
	ICCF2 350
	ICCF2 351
	ICCF2 352
	ICCF2 353
	ICCF2 354
	ICCF2 355
	ICCF2 356
	ICCF2 357
	ICCF2 358
	ICCF2 359
	ICCF2 360
	ICCF2 361
	ICCF2 362
	ICCF2 363
	ICCF2 364
	ICCF2 365
	ICCF2 366
	ICCF2 367
	ICCF2 368
	ICCF2 369
	ICCF2 370
	ICCF2 371
	ICCF2 372
	ICCF2 373
	ICCF2 374
	ICCF2 375
	ICCF2 376
	ICCF2 377
	ICCF2 378
	ICCF2 379
	ICCF2 380
	ICCF2 381
	ICCF2 382
	ICCF2 383
	ICCF2 384
	ICCF2 385
	ICCF2 386
	ICCF2 387
	ICCF2 388
	ICCF2 389
	ICCF2 390
	ICCF2 391
	ICCF2 392
	ICCF2 393
	ICCF2 394
	ICCF2 395
	ICCF2 396
	ICCF2 397
	ICCF2 398
	ICCF2 399
	ICCF2 400
	ICCF2 401
	ICCF2 402
	ICCF2 403
	ICCF2 404
	ICCF2 405
	ICCF2 406
	ICCF2 407
	ICCF2 408
	ICCF2 409
	ICCF2 410
	ICCF2 411
	ICCF2 412
	ICCF2 413
	ICCF2 414
	ICCF2 415
	ICCF2 416
	ICCF2 417
	ICCF2 418
	ICCF2 419
	ICCF2 420
	ICCF2 421
	ICCF2 422
	ICCF2 423
	ICCF2 424
	ICCF2 425
	ICCF2 426
	ICCF2 427
	ICCF2 428
	ICCF2 429
	ICCF2 430
	ICCF2 431
	ICCF2 432
	ICCF2 433
	ICCF2 434
	ICCF2 435
	ICCF2 436
	ICCF2 437
	ICCF2 438
	ICCF2 439
	ICCF2 440
	ICCF2 441
	ICCF2 442
	ICCF2 443
	ICCF2 444
	ICCF2 445
	ICCF2 446
	ICCF2 447
	ICCF2 448
	ICCF2 449
	ICCF2 450
	ICCF2 451
	ICCF2 452
	ICCF2 453
	ICCF2 454
	ICCF2 455
	ICCF2 456
	ICCF2 457
	ICCF2 458
	ICCF2 459
	ICCF2 460
	ICCF2 461
	ICCF2 462
	ICCF2 463
	ICCF2 464
	ICCF2 465
	ICCF2 466
	ICCF2 467
	ICCF2 468
	ICCF2 469
	ICCF2 470
	ICCF2 471
	ICCF2 472
	ICCF2 473
	ICCF2 474
	ICCF2 475
	ICCF2 476
	ICCF2 477
	ICCF2 478
	ICCF2 479
	ICCF2 480
	ICCF2 481
	ICCF2 482
	ICCF2 483
	ICCF2 484
	ICCF2 485
	ICCF2 486
	ICCF2 487
	ICCF2 488
	ICCF2 489
	ICCF2 490
	ICCF2 491
	ICCF2 492
	ICCF2 493
	ICCF2 494
	ICCF2 495
	ICCF2 496
	ICCF2 497
	ICCF2 498
	ICCF2 499
	ICCF2 500
	ICCF2 501
	ICCF2 502
	ICCF2 503
	ICCF2 504
	ICCF2 505
	ICCF2 506
	ICCF2 507
	ICCF2 508
	ICCF2 509
	ICCF2 510
	ICCF2 511
	ICCF2 512
	ICCF2 513
	ICCF2 514
	ICCF2 515
	ICCF2 516
	ICCF2 517
	ICCF2 518
	ICCF2 519
	ICCF2 520
	ICCF2 521
	ICCF2 522
	ICCF2 523
	ICCF2 524
	ICCF2 525
	ICCF2 526
	ICCF2 527
	ICCF2 528
	ICCF2 529
	ICCF2 530
	ICCF2 531
	ICCF2 532
	ICCF2 533
	ICCF2 534
	ICCF2 535
	ICCF2 536
	ICCF2 537
	ICCF2 538
	ICCF2 539
	ICCF2 540
	ICCF2 541
	ICCF2 542
	ICCF2 543
	ICCF2 544
	ICCF2 545



