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Overview
×March 23rd 1989 Fleischmann and Pons reported results of:        

an anomalous heat effectresulting from the extensive, 
electrochemical insertion of deuterium into palladium
cathodes occurring over an extended period of timeby means 
of electrolysis of (alkaline) heavy water. 

×This heat effect was at a level consistent with Nuclear but not 
Chemical energy or known lattice Storage effects, but 
occurring (mostly) without penetrating radiation (a, b, g, n°) 
or activation (3H).

×Nuclear level heat effects have been observed in the D/Pd 
system with energies 102ï104 times known chemical effects 
[Energetics 22 & 35 keV/Pd or D].

×Why do doubts still exist?

×What is reproducibility?

üWhat do we expect?

üWhat do we see?

üWhat is the problem?
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Salient Criticisms
×ñThe experiments/results are not reproducibleò: 

üIn 1989 some teams saw no results
üDifferent results in different laboratories
üInconsistent results in the same laboratory with similar samples

×ñThe results are inaccurateò:
üMis-measurement of input power
üMis-measurement of output power 
üThe delta (PXS) is not outside the measurement uncertainty

×ñThe heat is real but is due to unknown or unaccounted 
chemical effects or lattice energy storageò:

üOver-accounting for electrolysis products (VTN)
üChemistry in the electrolyte volume
üEnergy storage and release (small % Ú energy) 

×ñMissing nuclear productsò: 
üQuantitative energetic products not seen (ñashò) 
üDifficulty of measuring 4He in the presence of D2 and ambient
üQuantitative confusion 



Correlations observed in SRI results

× Necessaryconditions!!!
MaintainHigh AverageD/Pd Ratio (Loading)

For times >> 20-50  times tD/D (Initiation)
At electrolytic i >250-500mA cm-2 (Activation)
With an imposed D Fluxé(Disequilibrium)

éor other suitable stimulus:
- electrochemical current or current density 
- T or P step 

- Ultrasonics

- Laser stimulus

× For Pd wire cathodes* Mode A heat production:

Pxs = M (x-x°)2 (i-i°) |iD|
x = D/Pd, x°~0.875, i°=75-450mA cm-2, iD=2-20 mA cm-2, t°>20 tD/D

* 50 µm foils follow a similar equation with lower current thresholds



Comments on Reproducibility by Cravens

× Dr Dennis Cravens[1]

ñé the main problems in replication by "others" are:
1. Hydrogen contamination*, 
2. Poor Pd**,
3. Trying to load too quickly at first, then 
4. Not running at high enough current density.

* I have personally seen labs trying to replicate that had open 
[D2O] bottles in a humid climate. My humidity at my 
location is around 25% and I still run a dehumidifier and 
don't mix things on a rainy day.

** With Pd, I have had better luck with three 9's than with five 
9's materials. 

You want the proper crystal orientation presented to the 
solution. 

It is amazing that "we" have known this for years 
but"replicators" never really ask for help or do their 
homework.ò

[1] First stated in public at ICCF4, Maui, Dec. 1993.



Electrodes capable of attaining and maintaining high 

loading ïare capable of producing excess heat [ca 1993]



ñAttain High AverageD/Pd Ratio (Loading)ò



ñAchieve High MaximumD/Pd Ratio (Loading)ò



ñAchieve High MaximumD/Pd Ratio (Loading)ò
× CalTech(1989/90)
N.S. Lewis, C.A. Barnes, M.J. Heben, A. Kumar, S.R. Lunt, G.E. McManis, G.M. Miskelly, R.M. Penner, M.J. Sailor, 

P.G. Santangelo, G.A. Shreve, B.J. Tufts, M.J. Youngquist, R.W. Kavanagh, S.E. Kellogg, R.B. Vogelaar, T.R. 
Wang, R. Kondrat, and R. New, Nature,340525 (1989).

ñD/Pd stoichiometries of 0.77, 0.79, and 0.80obtained from these measurements 
were taken to be representative of the D/Pd stoichiometry for the charged 
cathodes used in this work.ò

× MIT (1989/90)
D. Albagli, R. Ballinger, V. Cammarata, X. Chen, R.M. Crooks, C. Fiore, M.P.J. Gaudreau, I. Hwang, C.K. Li, P. Linsay, 

S.C. Luckhardt, R.R. Parker, R.D. Petrasso, M. O. Schloh, K.W. Wenzel, and M.S. Wrighton, J. Fusion Energy, 9, 

133 (1990).

ñaverage loading ratios were found to be 0.75±0.05and 0.78±0.05for the D and H 
loaded cathodes, respectively.ò

× Bell Labs.(1989/90)
J.W. Fleming, H.H. Law, J. Sapjeta, P.K. Gallagher, and W.F. Marhon, J. Fusion Energy, 9, 517 (1990).

ñthe degree of deuterium incorporation was comparable to that for the open cells for 
the same time duration.  The amount incorporated in longer electrolysis 
experiments was typically PdDx (0.45 < x < 0.75).ò



ñAchieve High MaximumD/Pd Ratio (Loading)ò



ñVariation of PXS with D/Pd Ratio (Loading)ò



ñMaintainHigh AverageD/Pd Ratio (Loading)

For times >> 20-50  times tD/D (Initiation)ò



ñMaintainHigh Average D/Pd Ratio (Loading)

For times >> 20-50  times tD/D (Initiation)ò



ñAt electrolytic i >250-500mA cm-2 (Activation)ò
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M4: Excess Power Fitting Function
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Pxs = M (x - x°)2 (i - iÁ) Ģx/Ģt
x°=.833, i°=.425, r=0.853  73%
Pxs= M(x-x°)2(i-i°)|iD|

x°= 0.833, i° = 0.425, 

r = 0.853, Correl. = 73%



ñWith an imposed D Fluxé(Disequilibrium)ò
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P151M LiOD + 200ppm Al, 3cm x 3mm Pd Wire cathode.
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ETI SuperWave Loading Dynamics (D Flux)


