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Outline  

 

A)  General overview of INFN-LNF experiments using Constantan wires and motivations. 

Several of key points shown at ICCF22 (September 8-13, 2019, Assisi-Italy), 

  [DOI: 10.13140/RG.2.2.26669.64485]. 

 

B)  Experimental evidence of the role of the Deuterium gas flux and electrical excitations, 

by unbiased collection and analysis of (our) over 80 tests/experiments (July-September 

2019): mostly published on J. Condensed Matter Nucl. Sci. 33 (2020) 1-28. 

 

C) Short description of the new circuitry, developed and used since October 2019 for new 

experiments: able to inject AC Voltage, Current limited (i.e. +-600 V, 200 mA), at overall 

efficiency quite larger than described in the JCMNS paper. Based on an array (series-

parallel) of High Voltage (120 V), High Current (50 mA), high speed (Tr=100ns) Constant 

Current Diode (SiC tech.); added booster capacitors to accomplish DBD regimes, if any.  

 

D) Overall conclusions with possible line-guides to get AHE: discussed along the whole talk. 
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Path to get AHE, after 31 years of experiments. 

(according to general and our specific know-how) 

 

1) At first, it is necessary to load proper materials (Pd, Ti, Ni, alloys) with active gas (H2, D2,..); 
Č Commons experience, worldwide, in almost all LENR experiments; 
 

2) Induce Non-equilibrium conditions of loaded materials by: thermal or concentration 
gradients, movement of charged species, phase transitions, voltage stimulation,ΧΧΧΦΦΦ..; 
Č Mostly our specific evidence/suggestion, since April 1989, later-on άŎƻƳƳƻƴ ǎŜƴǎŜέ; 
 

3) Observed experimentally ǘƘŀǘ ǘƘŜ άƛƴǘŜǊŀŎǘƛƻƴέ ƻŦ ŀŎǘƛǾŜ Ǝŀǎ ǿƛǘƘ ǘƘŜ gas-loaded material, 
as strong and fast as possible, is main factor governing the AHE generation: the active gas 
FLUX seems to be the main parameter but it needs external energy to activate it;                   
ČAlmost clear proof only after in-deep analysis of >80 experiments (IJCMNS, July 2020); 

 

4) Efforts to develop innovative procedures to minimize the (electrical) external energy 
needed to generate non-equilibrium of the, gas loaded, active material: both into the bulk 
(like electromigration phenomena) and at the surface (at sub-micrometric size).                                  
ČCurrent and next experiments at INFN-LNF. 
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Procedures 

 

1) Explore, in some details, the role of Hydrogen (H) or Deuterium (D) flux through specific 

sub-micrometric materials interacting, at their surface, with accelerated electrons 

and/or ions, to produce AHE in a way as stable as possible, avoiding its reduction over 

time. The kind of gas used depends mainly on the host material that [ab/ad]sorbes it. 

 

2) Tentative simplifications of control/excitation parameter: mainly, simple, electrical 

stimulation, unipolar (+,-) or bipolar up to 1200 Vpp at 50 Hz sinusoidal (at the moment; 

in the future highers frequencies/volts and asymmetric shapes), by a counter electrode.  

 

3) New geometrical set-up, with the core of the reactor as homogeneous as possible in 

respect to local temperature gradients inside the reactor: NO knots, Capuchin knots, 

super-Capuchin knots, as previously developed by our group since 2015. 
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4) Local thermal gradients, due to specific geometrical assembling (like several simple 

knots, Capuchin knot), although donΩǘ ƴŜŜŘ ŜȄǘǊŀ ŜƴŜǊƎȅ ǘƻ ƻǇŜrate (i.e. intrinsically 

they have very high efficiency), are quite difficult to be modelled and prone to aging 

effects (due to thermal cycling), up to catastrophic failure of the active wires. 

 

5) We need UNDERSTANDING of the effects: simplification (i.e. avoiding) of each extra 

contributes, even if previously proved to be useful for AHE generation, is mandatory at 

this stage of the research. We need to evaluate ǘƘŜ άǿŜƛƎƘǘέ ƻŦ ŜŀŎƘ ŎƻƴǘǊƛōǳǘŜΦ 

 

6) Focused on the roles of: A) wƛŎƘŀǊŘǎƻƴΩǎ (i.e. electron emission, due to the absolute 

temperature of the kind of material at the Anode surface, adopting old nomenclatures 

of vacuum tube) and Child-Langmuir laws (electron transport, apart specific constant 

and surface area, are proportional to the Anode-Cathode Voltage 1̂.5 and distance-̂2): 

active at quite low pressures; B) Paschen regimes (DC and even AC, mainly due to H, D 

and/or noble gas mixtures) operated at mild pressures, as later detailed; 
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7) Results on AHE values and its stability over time depend, among others, on the 

waveform at the counter-electrode surface, especially high frequency components 

(several times άspontaneousέ) when some proper high voltage threshold are overcome: 

sometimes we observed that non-linear effects, in proper conditions, could induce 

positive feedback of our specific interest. It is one of the effects to be investigated in the 

near-future experiments. 
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Evolution of the experimental set-up from the point of view of counter-electrode 

 

Fig. 1.  Constantan wire reactor (A); added counter-electrode grounded (B); counter-electrode polarized 

with direct current (C); counter-electrode polarized with alternating current (D).
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Basic starting points and conflicting requirements 

 

A) Lƴ ǇǊƛƴŎƛǇƭŜΣ ǘƻ ƎŜǘ ǎƻƳŜ ƪƛƴŘ ƻŦ ŀƴƻƳŀƭƻǳǎ ŜŦŦŜŎǘǎ όǘƘŜǊƳŀƭ ŀƴŘκƻǊ άƴǳŎƭŜŀǊέύ ƛƴ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘǎ ǳǎƛƴƎ ǎƻƳŜ ǎǇŜŎƛŦƛŎ ŜƭŜƳŜƴǘǎ όtŘΣ ¢ƛΣ bƛΣ ŀƭƭƻȅǎΣΧύ ǘƘŀǘ ƛƴǘŜǊŀŎǘ ǿƛǘƘ 

IȅŘǊƻƎŜƴ ŀƴŘκƻǊ ǘƘŜƛǊ ƛǎƻǘƻǇŜǎΣ ƛǎ ǉǳƛǘŜ ǎƛƳǇƭŜΥ Ƨǳǎǘ ŀƭƭƻǿ ǘƘŀǘ ǘƘŜ IΣ 5 ƛǎ [!wD9[¸ 

ŀōǎƻǊōŜŘ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ όŜǾŜƴ ōǳƭƪύ ƻŦ ǘƘŜ ǎǇŜŎƛŦƛŎ ƳŀǘŜǊƛŀƭΣ ŜǎǇŜŎƛŀƭƭȅ ǿƛǘƘ ǎǳō-

ƳƛŎǊƻƳŜǘǊƛŎ όƻǊ ōŜǘǘŜǊ ƴŀƴƻƳŜǘǊƛŎύ ŘƛƳŜƴǎƛƻƴŀƭƛǘȅΣ ŀƴŘ άŦƻǊŎŜέ ǘƘŜ IΣ 5 ǘƻ ƳƻǾŜ όƛΦŜΦ 

άŦƭǳȄέύ ƛƴǎƛŘŜκƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭΣ ŀǾƻƛŘƛƴƎ ǘƘŀǘ ǘƘŜ IΣ 5 Ŧǳƭƭȅ ŜǎŎŀǇŜ ƻǳǘ όŜΦƎΦ 

ŜȄǇŜǊƛƳŜƴǘǎ ƳŀŘŜ ōȅ DΦ CΦ CǊŀƭƛŎƪ-b!{! мфуфΣ ¸Φ LǿŀƳǳǊŀΣ CΦ /ŜƭŀƴƛΣ DΦ tǊŜǇŀǊŀǘŀΣ aΦ aŎΦ 

YǳōǊŜΣ aΦ {ǿŀǊǘȊΣΧΦύΦ Lǘ ǿŀǎ ƻōǎŜǊǾŜŘΣ ŦŜǿ ǘƛƳŜǎΣ ǘƘŀǘ ŀƭǎƻ ƭŀǊƎŜ ŦƭǳȄ ƻŦ ŜƭŜŎǘǊƻƴǎ ƛǎ 

ōŜƴŜŦƛŎƛŀƭ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŜŦŦŜŎǘǎΦ 

 

 

 



9 
 

B) wŜŎŜƴǘƭȅΣ ƛƴ ƎŀǎŜƻǳǎ IƛƎƘ ¢ŜƳǇŜǊŀǘǳǊŜ [9bw ǎȅǎǘŜƳ ǿŜ ŦƻǳƴŘ ŀƴŘ ǎƘƻǿŜŘ ǘƘŀǘΣ ŀƭƳƻǎǘ 

ŀƭǿŀȅǎΣ ǘƘŜ !I9Σ ƛŦ ŀƴŘ ǿƘŜƴ ƻōǘŀƛƴŜŘ όǳƴŘŜǊ ƭŀǊƎŜ ƻǇŜǊŀǘƛƴƎ ŘƛŦŦƛŎǳƭǘƛŜǎύΣ ǘŜƴŘǎ ǘƻ 

ŘŜŎǊŜŀǎŜ ƻǾŜǊ ǘƛƳŜΣ ǳƴǘƛƭ ǊŜŀŎƘŜǎ ǾŀƭǳŜǎ ŎƭƻǎŜ ǘƻ ½ŜǊƻ ²ŀǘǘǎΥ ǘƘŜ ǎȅǎǘŜƳ ƛǎ ǎŜƭŦ-ǎǘŀōƛƭƛȊƛƴƎ 

ǘƻǿŀǊŘ ½9wh !I9Φ tŜǊƛƻŘƛŎ ŜȄǘŜǊƴŀƭ άŜȄŎƛǘŀǘƛƻƴέ ǘƻ ǊŜǎǳƳŜ όŀǘ ƭŜŀǎǘύ ŦƭǳȄ ƛǎ ƴŜŜŘŜŘ ǘƻ 

ƪŜŜǇ ǘƘŜ !I9 ŀƭƛǾŜΦ {ƻƳŜ ŘŜǘŀƛƭǎ ŘŜǎŎǊƛōŜŘκŘƛǎŎǳǎǎŜŘ ŀǘ άнлмф aL¢ /ƻƭƭƻǉǳƛǳƳέ όaŀǊŎƘ 

нлмфΣ ¦{!ύΣ ά!ǎǎƛǎƛ ƴŜƭ ±Ŝƴǘƻ оέ aŜŜǘƛƴƎ όaŀȅ нлмфΣ LǘŀƭȅύΣ L//Cнн ό{ŜǇǘŜƳōŜǊ нлмфΣ 

!ǎǎƛǎƛΣ LǘŀƭȅύΦ 

 

C) aƻǊŜ ƎŜƴŜǊŀƭƭȅΣ ŀǘ ƭŜŀǎǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ƻǳǊ ŜȄǇŜǊƛŜƴŎŜκŜȄǇŜǊƛƳŜƴǘŀǘƛƻƴǎΣ ǿŜ ƘŀǾŜ 

ŎƻƴŦƭƛŎǘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀōƻǳǘ ǘƘŜ ƻǇŜǊŀǘƛƴƎ ŎƻƴŘƛǘƛƻƴǎΥ ƛǘ ǎŜŜƳǎ ŀ ǘŀǊƎŜǘ ƛƳǇƻǎǎƛōƭŜ ǘƻ 

ŀŎƘƛŜǾŜΣ ŀǎ ŜȄǇƭŀƛƴŜŘ ƛƴ 5ύ ŀƴŘ 9ύΦ  

 

 

 



10 
 

D) IƛƎƘ ǇǊŜǎǎǳǊŜǎ όŀǎ ƘƛƎƘ ŀǎ ǇƻǎǎƛōƭŜύ ƻŦ Iн όƻǊ 5нύ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ŀƭƭƻǿ ƭƻŀŘƛƴƎ ƻŦ ǘƘŜ ŀŎǘƛǾŜ 

ƳŀǘŜǊƛŀƭΥ ƘƛǎǘƻǊƛŎŀƭƭȅ ǇǳǊŜ tŘΣ ¢ƛΣ bƛΤ ƴƻǿ ŀƭƭƻȅǎ ƭƛƪŜ bƛ-/ǳ ŀǘ ǎǳōƳƛŎǊƻƳŜǘǊƛŎΦ 

ǎƛȊŜΦϝ!ŘƻǇǘŜŘ ōȅ ǳǎ /ǳрр-bƛпп-aƴм ŀƭƭƻȅ όƴŀƳŜŘ /ƻƴǎǘŀƴǘŀƴύ ŦǳǊǘƘŜǊ ŎƻŀǘŜŘ ōȅ ƭŀǊƎŜ 

ŀƳƻǳƴǘǎ ƻŦ CŜΣ {ǊΣ YΣ aƴ όƳǳƭǘƛƭŀȅŜǊ ŎƻƴǎǘǊǳŎǘƛƻƴΣ ǎǳō-ƳƛŎǊƻƳŜǘǊƛŎ ŘƛƳŜƴǎƛƻƴŀƭƛǘȅύΦ 

 

E) [ƻǿ ǇǊŜǎǎǳǊŜǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ŀƭƭƻǿ ŜƳƛǎǎƛƻƴ ƻŦ ŜƭŜŎǘǊƻƴǎΣ ǎƛƳƛƭŀǊƭȅ ǘƻ όƻƭŘύ ǾŀŎǳǳƳ ǘǳōŜ 

ŘŜǾƛŎŜǎ όƛΦŜΦ 5ƛƻŘŜΣ ¢ǊƛƻŘŜΣ ΧΦύ ŦǊƻƳ ǘƘŜ ŀŎǘƛǾŜ ƳŀǘŜǊƛŀƭ ƘŀǾƛƴƎ [ƻǿ ²ƻǊƪƛƴƎ CǳƴŎǘƛƻƴΣ I 

ƭƻŀŘŜŘΣ ŀǘ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎΦ .ǳǘ ƭƻǿ ǇǊŜǎǎǳǊŜǎ---ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎ ŎƻƳōƛƴŀǘƛƻƴǎ ŎŀǳǎŜ 

ǘƘŜ ŘŜ-ƭƻŀŘƛƴƎ ƻŦ ǎǘƻǊŜŘ I ƛƴ ǎƘƻǊǘ ǘƛƳŜǎ όƘƻǳǊǎ ŀǘ ǘƘŜ ōŜǎǘΣ ŘŜǇŜƴŘǎ ƻƴ ǘŜƳǇŜǊŀǘǳǊŜύΦ 

 

F) ¢ƘŜ ǳǎŜ ƻŦ ƳƛƭŘ ǇǊŜǎǎǳǊŜǎ ŀƴŘ ǉǳƛǘŜ ƘƛƎƘ ǾƻƭǘŀƎŜǎ όtŀǎŎƘŜƴ ŎǳǊǾŜύ ƛƴ ǘƘŜ ŎƻǳƴǘŜǊ 

ŜƭŜŎǘǊƻŘŜ ƛǎ ŀ ŎƻƳǇǊƻƳƛǎŜ ŀƳƻƴƎ ǎǳŎƘ ŎƻƴŦƭƛŎǘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎΦ hōǾƛƻǳǎƭȅ ǘƘŜ ŘƛǎǘŀƴŎŜ 

ŀƳƻƴƎ ǘƘŜ н ŜƭŜŎǘǊƻŘŜǎ Ƙŀǎ ǘƻ ōŜ ƪŜǇǘ ŀǎ ƭƻǿ ŀǎ ǇƻǎǎƛōƭŜ όŦŜǿ ƳƛƭƭƛƳŜǘŜǊǎύ ǘƻ ŀǾƻƛŘ 

ƻǇŜǊŀǘƛƻƴǎ ŀǘ ǇǊƻƘƛōƛǘƛǾŜ ƘƛƎƘ ǾƻƭǘŀƎŜǎΦ 



11 
 

 

Fig. 2. Paschen curve . Direct current breakdown tension Vb, at RT, of several gases versus 

pressure *di stance (p*d) between electrodes . Ar mixtures enables discharges at lower voltages . 
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Short history about the specific use of Constantan and knots. 

(Extr. from: ICCF21, June 2018; IWAHLM13, Oct. 2018; MIT 2019 Colloquium, March; ICCF22, Sept. 2019) 

 

¶ Anomalous Heat Effects (AHE) have been observed by us in wires of Cu55Ni44Mn1 

(Constantan) exposed to H2 and D2 in multiple experiments along the last 9 years. 

 

¶ The Constantan, a quite low-cost and old alloy (developed around 1890 by E. Weston), has 

the peculiarity to provide extremely large values of energy (1.56--3.16 eV) for the catalytic 

reactions toward Hydrogen (and/or Deuterium) dissociation from molecular to atomic 

state: H2Ą2H. In comparison, the most known and very costly Pd (a precious metal) can 

provide only 0.424 eV of energy: computer simulation from S. Romanowsky et al., 1999. 

The energy given out during fast recombination process is quite high (about 4.5 eV): one 

of the largest among the chemical reactions. In deep space, at low Hydrogen pressures, 

the measured temperature is 36000 K: equilibrium among dissociation< -- >recombination. 
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¶ Some H (according to resistance reduction value up to 20-25 %; first measurements by 

German Scientists on 1989) is almost stored inside the Constantan lattice, after its 

absorption at high temperatures (> 180°C), few bars of pressure, several hours. 

 

¶ We made systematic studies (and published most of the know-how obtained, in 

agreement with Live Open Science approach followed by MFMP collaboration), since 2011, 

to study the absorption ōŜƘŀǾƛƻǊ ǾŜǊǎǳǎ ǘŜƳǇŜǊŀǘǳǊŜΣ ǇǊŜǎǎǳǊŜ ŀƴŘ ǎǳǊŦŀŎŜ άǎƘŀǇŜέΦ 

 

¶  The amount of ratio among the active volume (i.e. the thickness of sub-micrometric one) 

and the bulk (used both as support and in-deep storage), increases reducing the diameter 

of the wire. A qualitative sketch was introduced by us in Fig. 2. We observed (by SEM) that, 

at least in our experimental conditions of wires preparation, the thickness of the most 

active section is of the order of 10-30 mm. Main drawback is the easiness of the wire 

breaking at low dimensionality (F<100 mm). Moreover such deleterious effect is worsened 

at the highest (and most useful!!) temperatures (>700°C) operated in the test. 
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Fig. 3Φ vǳŀƭƛǘŀǘƛǾŜ ǎƪŜǘŎƘ ƻŦ ǘƘŜ Ǌŀǘƛƻ ŀƳƻƴƎ ǘƘŜ άmost ŀŎǘƛǾŜ ǊŜƎƛƻƴέ όǎǳō-micrometric sponge) for fast 

Hydrogen absorption/storage (blue color, mean thickness 20 mm), and the metallic bulk (brown color), 

changing the initial diameter of the wire. 
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¶ Improvements in the magnitude/reproducibility of AHE were reported by us in the past 

and related to wire preparation and reactor design: work in progress. 

 

¶ In facts, an oxidation of the wires by several hundred pulses of high intensity electrical 

current (up to 10-20 kA/cm2, even neglecting skin effects present because fast rise time, 

<1 ms, of the pulses) in air (and related quenching) creates a rough surface (like sponge). It 

is featured a sub-micrometric texture that proved particularly effective at inducing thermal 

anomalies (once the H, D is absorbed/adsorbed) when both temperatures exceeds 300-

400 °C and proper kinds of non-equilibrium conditions are promoted. The effects increase 

as temperatures are increased, until adverse self-sintering effects (almost out of control, at 

the moment) damage the sponge structures and most of the AHE usually vanish. 

 

¶ The hunted effect appears also to be increased substantially by deposing segments of the 

wire with a series of elements: Fe, Sr (via thermal decomposition of their nitrates) 

properly mixed with a solution of KMnO4 (all diluted in acidic heavy-water solution). 
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¶ Side Effects. The magnetic proprieties of Constantan wires change dramatically after the 

ŎƻŀǘƛƴƎ ƻŦ CŜ ƴƛǘǊŀǘŜ όŦǳǊǘƘŜǊ ŘŜŎƻƳǇƻǎŜŘ ǘƻ CŜhȄύ ŦǊƻƳ άŀ-ƳŀƎƴŜǘƛŎέ ǘƻ ǎǘǊƻƴƎ 

ferromagnetic. The special geometry of Capuchin knot (see later-on), as speculation, could 

enhance such aspects. It is noteworthy that FeOx are recently reported to have magnetic 

properties enhanced up to 100-10000 times when at low dimensionality (10 micron down 

to 10 nm) as in our specific fabrication procedures (thin multilayers). 

 

¶ Useful Co-Factors. Furthermore, an increase of AHE was observed after introducing the 

treated wires inside a sheath made of borosilicate glass (mainly Si-B-Ca; BSC), and even 

more after impregnating, the sheath with the same elements (Fe, Sr, K, Mn) used to coat 

the wires. Liquid nitrated compounds were first dried and later-on decomposed to oxides 

by high temperature (400-500 °C) treatments. The procedure was repeated several times: 

multilayer approach. 
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¶ Finally, AHE was augmented after introducing equally spaced knots (the knots were locally 

coated with the mixture of Fe, Mn, Sr, K) to induce large thermal gradients along the wire 

(knots become very hot spots when a current is passed along the wire). 

 

¶ Interestingly, the coating appears to be nearly insulating and it is deemed being composed 

of mixed oxides of the corresponding elements (mostly FeOx, SrO). 

 

¶ Having observed a degradation of the BSC fibers at high temperature, an extra sheath 

made of quartz fibers was used to prevent the fall of degraded fibers from the first sheath, 

i.e. made a sort of coaxial construction. Main drawback was its larger dimensionality. We 

recall that some specific borosilicate glass has the peculiarity of adsorbing Atomic 

Hydrogen (dissociated from molecular state by the Constantan), as discovered by Irving 

Langmuir (Nobel Laureate, on 1928, using W). In our procedures the possibility to have a 

άǘƘŀƴƪέ ƻŦ ŀǘƻƳƛŎ ƘȅŘǊƻƎŜƴΣ ǾŜǊȅ ŎƭƻǎŜ ǘƻ ǘƘŜ ǿƛǊŜ ǎǳǊŦŀŎŜΣ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ ŀǎǇŜŎǘǎΦ 
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¶ Technological Improvement. The quite large problem of excessively tick insulating 

material was solved thanks to a close collaboration among: 

a)  A Metallurgical Company (at North of Italy), for long time involved in LENR experiments 

in their own laboratory, and which whom we collaborate since 2011,; 

b) The SIGI-Favier Company (I, F) that produce insulating glass and SiO2-Al2O3 sheaths; 

c) Our group. 

 

It was developed an innovative insulating sheath that has both advantages of glass (i.e. 

capability to absorb atomic Hydrogen, maximum temperature 700°C) and high temperature (up 

to 1200 °C) performances of SiO2-Al2O3 material. Shortly, it was made a, close distance, net of 

glass and SiO2-Al2O3 bundles, each of thin fibers (5 mm diameter) crossed at an inter-distance of 

only 500 mm. In such a way, after high temperature conditioning (up to 800 °C), there are 

enough empty space (about 30-40 %) of total, to allow free path for electrical conductions, to 

get any of Richardson, Paschen, DBD regimes, without short circuit limitations. 
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¶ Unexpected Effect. In 2014, the Authors introduced a second independent wireΣ άŦƭƻŀǘƛƴƎέ 

in the reactor chamber, and observed, just by chance, a weak electrical current (up to 

hundreds of mA, with several mV at the end of the wire), flowing in it while power, (i.e. 

high temperatures induced), was supplied to the first.  

 

¶ At that time only the wires got coating of LWF materials: the sheaths were NOT 

impregnated by nitrate/oxide mixtures, so, possible leakage currents were unlucky to 

happen. The effect was also confirmed/certified (at Frascati Laboratory by their own 

instrumentations and specific SW for data acquisition) and (later-on) independently 

reproduced, by the MFMP group (M. Valat, B. Greeiner). 

 

¶ This current proved to be strongly related to the temperature of the first wire and clearly 

turned to be the consequence of his Thermoionic Emission (where the treated wire 

represents a Cathode and the second wire an Anode), according to the Richardson law. 
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Thermoionic emission applied to surface-coated Constantan wires. 

 

The key parameter of thermoionic emission is the Work Function (F), usually 1.5-5 eV, for 

electron emission, from the surface of the materials:  

J=AgT
2exp(-F/KBT) 

with: 

¶ J=emission current density [A/m2]; 

¶ T=absolute temperature, in K; 

¶ Ag= lRA0 ; lR is a correction factor depending on the material (0.5τ1); 

¶ A0=(4pqemekB
2)/(h 3)=1.2*106 [A/m 2K2], Richardson constant 

¶ qe=1.6*10-19
 C, electron charge;  

¶ me=5.11*105 eV, electron mass; 

¶ kB=8.617*10-5 eV/K, Boltzmann constant. 
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Fig.4. Dependence of maximum electron emission (A/cm^2) at the surface of a wire changing 

Temperature (300--1300 K) and Work Function (1--2.75 eV). 



22 
 

¶ The presence of the thermoionic effect and a spontaneous tension between the two wires 

did strongly associate to AHE: we guessed that it is a co-factor useful to induce AHE. 

 

¶ The thermoionic effect is enhanced, in our specific procedures, by deposition of Low 

Working Function materials ό[²CƳύΣ ƭƛƪŜ {ǊhΣ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ /ƻƴǎǘŀƴǘŀƴΩǎ ǿƛǊŜΣ 

several thin layers. 

 

¶ In the Cold Fusion-LENR-AHE studies the Researcher that first (1996) introduced, 

intentionally, LWFm was Yasuhiro Iwamura at Mitsubishi Heavy Industries (Yokohama-

Japan). Since that time he used CaO and later-on also Y2O3, both in electrolytic and gas 

diffusion experiments at mild (<80 °C) temperatures. 
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The role of thermal large gradients at short distances 

¶ The presence of thermal and/or chemical gradients has been stressed as being of 

relevance, especially when considering the noteworthy effect of knots (by us introduced 

since 2015) on AHE. 

 

¶ From that moment, attempts to further increase AHE focused on the introduction of 

different types of knots, leading to the choice of the ά/ŀǇǳŎƘƛƴέ type (see Fig. 4) and, later, 

the άŀŘǾŀƴŎŜŘ /ŀǇǳŎƘƛƴ ƪƴƻǘέ (but mechanically quite delicate-weak). 

 

¶  The knot design, specially Capuchin one, leads indeed to very hot spots along the wire and 

features three areas characterized by a temperature delta up to several hundred degrees 

(e.g 600Ą800Ą1000 °C in the photo shown). 

 

¶ Flux is induced by very large, short distance, thermal gradients: Capuchin knot 
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Fig. 5. Photo, in DC, I=1900 mA, of a piece of Constantan wire having a diameter of 193 µm. Capuchin knots 
with 8 turns. Temperatures estimated by color. Darkest area is at temperature <600°C; external helicoidal 
section is at about 800 °C; inmost section, linear, up to 1000 °C in some points. Distance is few mm. 
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General assembling of the reactor, keep constant from 9 months, 

to inter-compare results changing only the core. 

 

a) Energy balance measurements by air flow calorimetry.  

 

b) Calibration by a Joule heater put inside a Borosilicate glass tube, with the same dimension 

of main reactor. Both glass tube are close each other and thermally connected by several 

Al foil darkened (paint 900 °C type, emissivity close to 95%), inside the main insulating box. 

 

c) In and out of air inlet at the same height, large vortexes are promoted just by specific 

geometry at the input of the air (several tubes of different lengths); 

 

d) Monitored the speed of the fan (life-time rated at 5 years of continuous operation). 
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Fig. 6. Schematic of the assembling the 3 coaxial coils inside the glass reactor. 
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Fig.7. Photo of the reactor assembled, just before to be located into the air flow calorimeter. 
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Fig. 8. Photo of the reactor, and calibrator (Ni-Cr wire) put inside the calorimeter (advanced version, 2 

insulating and reflecting walls)  


