


In this paper, we describe the Takahashi method, major results of the first experiment
(Experiment-D3)), and our replication experiment (Experiment-D2). Simultaneous
measurements of excess heat and neutron emission have been done in this work. In addition, off-
line monitoring of tritium level is shown. The critical conditions required to reproduce the
Fleischmann-Pons effect are discussed.

2. Experimental Method: Protocol
A detailed description is given in Ref. 3. The protocol is outlined as follows:

1) Setup: The cathode is a 99.99% pure cold-worked Pd sheet, l mm thick and 25 mm square.
As shown in Fig. 1, the electrode-unit consists of a centered Pd sheet cathode and plane-
symmetrically wound Pt wire anode (0.5mm diameter, 7 turns with 5 mm pitch). A
polyethylene or acrylite rod supports the anode. Minimum cathode-anode distance is 10
mm. This configuration of electrodes is expected to give uniform electrolytic current
density on Pd cathode surfaces, hence produce uniform deuteron loading into the Pd sheet.
The electrodes-unit is immersed in electrolyte of 700 cc D2O+0.3 mol/liter LiOD. The
assembly is contained in a box-type or cylindrical cell container made of 5 mm thick
acrylite. A cooling coil made of Pyrex glass tube, through which temperature-regulated
(20ºC ±0.05ºC) light water is fed with 5 - 10 l/min flow rate (very stable for long periods),
is also immersed in electrolyte. To stabilize the coolant temperature, computerized
chiller/heater equipment is used.

2) Electrolysis procedure: Starting from the beginning of the run, several days (typically one
week), the sawtooth-current mode (repeated ramps from 0.25 amp to 5.0 amp with a ~20 min
cycle) is applied in order to determine the neutron counts above background . After that, we
switch to the L-H current mode (typically, 0.2 - 0.4 amp L-mode for 6 hours, and 4.0 - 5.0 amp
for H-mode with 6 hours). This is continued for 2 - 4 months to observe excess heat, neutrons
and tritium. We operate the electrolysis by current-controlled mode (constant current mode for
L or H period). We monitor current and cell voltage. To compensate for D2O consumed by
dissociation, we add fresh D2O to the cell every 2 - 7 days. Observation by oscilloscope found
no AC power components during the L and H periods, except during the first 10 min after
switching.

Fig. 1. Schematic view of electrolysis cell for L-H mode operation, and cooling system.







Fig. 3. Evolution of excess heat and neutron yield as a function of sweep cycle number of L-H mode
electrolysis for Exp. D. 3 Left: first month. Right: second month.

Fig. 4. Observed variation of tritium levels in electrolyte (solid points), compared with background runs
(white points).

4. Replication Experiment: Exp. D2
The procedure of this replication experiment is shown in Table 1. To do this, we used a new

electrolyte, a new Pd cathode sheet (same batch of Exp. D, batch No. 1 from Tanaka Precious
Metal Co.), added one thermocouple (see Fig. 1) in the electrolyte, put two thermocouples into
inlet and outlet pipes of coolant, and removed a thermocouple-support of soda glass. After about
10 hours of calibration, we started the saw-tooth run. After 2 days of applying the saw-tooth, we
found a clear increase in the neutron count rates (see Fig. 5, and continued the saw-tooth mode
for a total of seven days. Time-dependent calorimetry within the 20 minute saw-tooth period is
difficult since it takes 30 minutes to reach thermal equilibrium, so we took the average value
from 3 cycles of saw-tooth-periods to obtain an averaged input and output temperature. The
results are shown in Fig. 6, compared with neutron emission rates. We saw excess heat after one
day, which gradually increased and reached 6 watts (29% of input) in 7 days.



Fig. 5. Neutron generation by sawtooth current mode electrolysis.



Fig. 6. Evolution of excess heat and neutron yield by sawtooth current mode electrolysis: 3 cycles of data are
bunched and averaged.

At the eighth day, we started the L-H mode, which was continued for more than 3 months.
During the first month, excess heat was rather constant (6 ~ 10 watts for H-mod and 2 ~ 4 watts
for L-mode). We did not see a rapid increase as in the case of Exp. D. The experiment was
interrupted twice (in runs No. 122 and No. 123), due to electric power failures at the campus,
each lasting about one day. When we restarted electrolysis with L-mode, cell temperature
increased slowly from 20.0ºC to a higher value in 6 hours. Excess heat after restart was about
half the level before the power failure, and recovered in 2 ~ 3 weeks. After running Exp. D2 for
about 3 months, we changed the current level for the L or H modes to measure excess heat at
different applied currents, to find out whether there was a systematic connection between excess
heat and current density. Typical data is shown in Fig. 7, which shows gradual increase of excess
heat over one month. Corresponding excess neutron rates over background (1200 counts per 6
hr) show higher count rates for H-modes and smaller for L-modes, as in the case of Exp. D.
However, absolute yields increased about twice of those in Exp. D, although average-excess heat
level decreased to about one-fourth of that in Exp. D (average). This result is predicted by the
multibody fusion theory. 3 Exp. D2 is still running for the 4th month at this writing, and we have
not observed big heat bursts like those in Exp. D.

Doubly increased neutron yields in Exp. D2 improved statistics of neutron spectroscopy, so
that we could obtain neutron spectra having two components at 2.45 MeV and 3-7 MeV region
as we observed in Exp. B and Exp. C3), which were explained as the consequence of competing
process of d-d and d-d-d fusion. 13




