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Abstract
Three electrolysis cells with built-in ultrasonic transmitters were developed by
Energetics Technologies. The ultrasonic transmitters induce cavitation in the
electrolyte in the vicinity of the palladium cathode for in-situ cleaning and
activation of the cathode surface, generation of dislocations, assistance in loading
and excitation of the Pd-D system. The ultrasonically assisted electrolysis cells
are described and excess heat generating experiments using these cells are
illustrated. All of these experiments used the Dardik’s modified SuperWaves to
drive the electrolysis. The reproducibility of excess heat generation obtained
using the ultrasonically assisted electrolysis experiments approaches 80%, which
is the highest of all types of electrolysis experiments performed at Energetics
Technologies.

A significant amount of excess heat was generated and a very large Coefficient Of
Performance (COP) was obtained in several experiments. The largest excess
power obtained is 34 watts; the largest total excess energy is 3.5 MJ; the largest
COP achieved is 3000%; and the longest duration of excess heat generation in a
single experiment is 40 days. The largest amount of specific excess energy is 27
KeV per Pd or D atom. This is at least three orders of magnitude larger than the
specific energy that can be generated by chemical reactions or that can be stored
in the cell in the form of mechanical energy. The largest specific power generated
is 70 W/g of Pd. For comparison, the average specific power in commercial
nuclear fission reactors is between 20 to 50 W/g of uranium.

1. Introduction
The primary near-term objectives of the Energetics Technologies experimental program in the

quest for developing commercial cold fusion energy sources are: (1) Improvement of the
reproducibility of high power gain and high energy gain excess heat generation, and (2)
Extension of the duration of excess heat generation. The program focuses on experiments with
electrolytic cells that are driven by SuperWaves. [1-3]. The idea of using SuperWaves to enhance
LENR (Low Energy Nuclear Reactions) was proposed by I. Dardik based on his vision of nature
described in [4].
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Figure. 1. Schematic of the Energetics Technologies electrolytic cell system with an annular ultrasonic-
transmitter; Cells #1 and 2. Flow calorimetry is performed by comparing temperatures T Inlet and T Outlet

Figure 2. The cathode-anode assembly used in the Energetics Technologies electrolytic cells #1 and #2 that
have annular ultrasonic-transmitters
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Figure 3. The hardware of the flow calorimeter of Energetics Technologies electrolytic cell #3 that
incorporates four tubular ultrasonic transmitters

Figure 4. Energetics Technologies electrolytic cell #3 assembly installed inside a constant temperature
incubator.
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Figure 5. The cathode-anode assembly of Energetics Technologies electrolytic cell #3

The maximum power level and frequencies that the ultrasonic transmitters can operate at in the
three electrolytic cells are summarized in Table 1.

Table 1. Characteristics of Energetics Technologies Electrolysis Cells with Ultrasonic
Transmitters

Cell # Type of transmitter Frequency [KHz] Max power [W]

1 Ring 16 15

2 Ring 38 15

3 Four tubes 30 60

3. Results
Table 2 gives a statistical summary of the electrolysis experiments performed during 2007 and

2008 using the three ultrasonic excitation electrolysis cells. Seventeen additional experiments
failed because of mechanical problems: mainly palladium foil rupture caused by cavitation. The
reproducibility of excess heat generation is quite high; it is higher than the reproducibility
obtained in our previous electrolysis experiments that did not incorporate ultrasonic cavitation.

Table 2. Summary of Energetics Technologies Electrolysis Experiments Using Ultrasonic
Excitation

Cell Number of experiments Number producing excess heat Success rate
1 8 6 75%
2 5 4 80%
3 6 4 67%

Total 19 14 74%
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Figures 6 through 11 show examples of excess heat generation measured in electrolysis
experiments with ultrasonic excitation. In these experiments, ultrasonic excitation was applied
for several periods, each lasting as long as 24 hours, while electrolysis power was continuously
applied. The figures show: net input power, Pinet – the power delivered to the cell from the
external power supply driving the electrolysis (Pin) minus the power consumed for
decomposition of heavy water molecules; and Pout – the power transferred out from the cell as
measured by the calorimeter. The Coefficient Of Performance (COP) is defined as (Pout-Pinet)/Pin.

Figure 6 shows that excess heat started in experiment ETUS3-5 about 5 days after the
beginning of the experiment. The vertical pink spikes in the figure are heating effects due to the
application of the ultrasonic transmitter and are ignored in the excess-heat analysis. Sometime
between day 20 and day 30 of the experiment, the excess heat level was ~0.2 W, while the net
input energy was ~1 W. Around the 31th day, electrolysis was turned off, but excess heat
generation continued and even increased up to ~0.5 W. This “heat-after-death” lasted for about 4
days, at which time (around the 35th day) the electrolysis current was turned on again. At day 56,
after ramping Pin up and down in a stepwise manner, Pin was turned off again but Pout continued
for several days at a level of ~0.6 watts, before it started dropping. On the 60th day the Pd
cathode was replaced with a Pt cathode, following which Pout became zero. This proves that our
calorimeter was well calibrated. It also proves that the excess heat measured after electrolysis
was turned off was, indeed, heat-after-death.

Figure 6. Net input power (Pinet – in blue) and output power (Pout – in violet) in ultrasonically excited
electrolysis experiment #ETUS3-5 in cell #3

Figure 7 shows the evolution of Pinet and Pout in experiment #ETUS3-6. The ultrasonic
transmitters were turned on 4 times, for 24 hours each time, while the electrolysis power was set
at a low Pin level of less than 0.2 W. After the first session of ultrasonic excitation the output
power gradually dropped to zero. After the second session of ultrasonic excitation Pout dropped to
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zero and then started increasing. The third session was soon started1. After the 3rd session of
ultrasonic excitation Pout dropped to zero at which time the 4th session of ultrasonic excitation
was applied. Pin dropped to zero, then increased up to ~1 W, and then gradually declined. The
duration of excess heat generation was 17 days and the maximum COP exceeded 500%. At about
2,400,000 seconds (approximately 28 days) Pin was turned off. Following this Pout dropped to
zero. Applying Pin again did not succeed in reviving the excess heat generation. These last two
steps again provide strong evidence that the excess heat recorded earlier in this experiment is
real, and not a result of improper calibration.

US on ~ 24h each time

Highest COP=525%

US on ~ 24h each time

Highest COP=525%

Figure 7. Net input power (Pinet – in black) and output power (Pout – in red) in ultrasonically excited
electrolysis experiment #ETUS3-6 in cell #3. Ultrasound (US) was applied in 4 sessions, each lasting about
24 h

Similar features are observed in the three additional experimental results shown in Figs. 8
through 10.

1 In retrospect, it would have been preferable to wait longer before applying the 3rd session.
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Figure 8. Net input power (Pinet – in black) and output power (Pout – in red) in ultrasonically excited
electrolysis experiment #ETUS1-17 in cell #1

Figure 9. Net input power (Pinet – in black) and output power (Pout – in red) in ultrasonically excited
electrolysis experiment #ETUS2-11 using cell #2
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Figure 10. Net input power (Pinet – in black) and output power (Pout – in red) in ultrasonically excited
electrolysis experiment #ETUS3-20 using cell #3

Figure 11. Net input power (Pinet – in black) and output power (Pout – in red) in ultrasonically excited
electrolysis experiment #ETUS3-21 using cell #3
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Figure 13. Very high D loading in Pd is obtained in ultrasonically excited electrolysis when driven with low
current density – example 2

Figure 14. Very high D loading in Pd is obtained in ultrasonically excited electrolysis when driven with low
current density – example 3
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Figure 15. D loading in Pd without ultrasonically excited electrolysis experiment is lower even at significantly
higher current density – example 1

Figure 16. D loading in Pd without ultrasonically excited electrolysis experiment is lower even at significantly
higher current density – example 2




