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Butter Side Down

How cold fusion researchers battle the innate perversity of inanimate objects and exploding
parameter space

by Jed Rothwell

When you drop a piece of buttered toast off a table, it usually lands on the floor butter side
down. Robert A. J. Matthews described the reason in a 1995 paper. 1 As toast slides off a plate,
friction at the edge produces torque. The toast begins to spin. It makes only one half turn before
it reaches the floor. You can demonstrate this with a paperback book. Place it on the edge of a
table face up, and gently push it until it tumbles off. Most of the time, it will land face down.
Matthews examined the phenomenon more closely, building a “House that Jack Built” chain of
cause and effect. The toast makes a half turn because it falls about a meter. Matthews explains:

. . . If tables were a lot higher—around 3 metres high—the problem of toast landing
butter-side down would go away, as the toast would have enough time to complete a full
rotation.

So why are tables the height they are? Simple: to be convenient for humans.

So why are humans the height they are? Using a simple chemical bonding model of the
human frame, I show that there is a limit to the safe height for bipedal, essentially
cylindrical creatures like humans. The limit is around 3 metres . . . This limit, in turn, sets
a maximum height on tables suitable for creatures with human articulation of about 1.5
metres—which is still not high enough to prevent toast from landing butter-side down.

Digging deeper again, he discovers:

The formula giving the maximum height of humans turns out to contain three so-called
“fundamental constants of the universe.” The first—the electromagnetic fine-structure
constant—determines the strength of the chemical bonds in the skull, while the second—
the gravitational fine-structure constant—determines the strength of gravity.

Matthews describes other fundamentals such as the atomic Bohr radius, which “dictates the
size of atoms making up the body.” In short, he demonstrates it is no accident you usually end up
with butter in your carpet. That outcome is built into the fabric of the universe.

Why haven’t cold fusion experiments been scaled up? Why haven’t researchers learned to
make the results stand out? After twelve years of painstaking replication attempts, most
experiments produce a fraction of a watt of heat, when they work at all. Such low heat is difficult
to measure. It leaves room for honest skeptical doubt that the effect is real. Some experiments
have been scaled up successfully, and a few have produced spectacular excess heat for days at a
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time. Edmund Storms has seen up to 4 watts occasionally, although his cells usually produce no
more than a third of a watt. With his new line of research, he hopes to produce a watt or more
consistently. If he succeeds he will hold a gala “One What / Watt?” party to celebrate. Ohmori
and Mizuno routinely input about 100 watts and output 130 or more (30 watts excess), but the
heat is sporadic and difficult to distinguish from the violent fluctuations of glow discharge
plasma. Other researchers have seen 5 or 10 watt reactions lasting for many days. Michael
McKubre has seen enough high heat to characterize the effect as “. . . neither small nor fleeting,”
2 He finds it difficult to bring about the effect, but when it does finally appear, he is certain it is
real. Other signatures of cold fusion have occasionally appeared at spectacular levels. Tritium
has been measured at hundreds and even thousands of times above background, enough to
swamp the detectors in a few cases.

Yet most results are marginal. When more power is applied to a bigger cathode, the reaction
refuses to scale up, for unknown reasons. Most experiments are hemmed in by the same basic
laws that cause toast to land butter side down. Many limitations are prosaic, such as the scale of
the instruments or the maximum electric power an off-the-shelf laboratory power supply
generates. Experiments can be made larger, but they would be more difficult to operate, more
expensive, and perhaps not as convincing.

Scale is not the only problem. Many researchers are defeated by exploding parameter space.
There are countless ways to do an experiment, but only a few that work. A researcher is faced
with too many choices, which would take a lifetime to explore. A choice made a year ago may
have doomed the project, when someone selected the wrong cathode material. A researcher may
not realize he should polish the cathode. The experiment fails without this step, and the rest of
the skilled labor poured into the project is in vain. Because there is no theory, progress depends
upon wasteful trial and error, and blindly following recommended procedures. To get a sense of
how many variations there are, and how long it takes to test them, consider a recent paper by
Mizuno. 3 It explores the effect of voltage and electrolyte temperature on heat production in glow
discharge electrolysis. To prepare this one paper, and explore these two parameters, Mizuno
performed approximately 300 experimental runs lasting several hours each, including
preparation time. He observed excess heat 80 times. Voltage and temperature were
systematically varied; all other parameters, such as the cathode material and shape, were held as
stable as he could make them. This series of tests took three years. At this pace, a systematic
exploration of material composition might take hundreds of man-years.

Many invalid claims are caused by ignorant mistakes. Many researchers have failed to protect
against noise, particularly changes in room temperature. This produced embarrassing false
positive results at leading laboratories including the NHE, and it may have hidden real excess
heat elsewhere. There is no excuse for such mistakes, but they are not surprising. Experts in
other fields make similar blunders. Wall Street gurus fell for the dot-com craze. Computer
programmers make errors described in introductory textbooks, such as badly named variables.
This weakness of human nature is why we must see independent replication before we can
believe a result.

Most researchers use traditional, water-based calorimeters, which have not improved much
since 1900. There are several different kinds, and it is important to select the right one for the
job. A limitation or inaccuracy in one type may not be a problem in another. When Mizuno
began glow discharge experiments, he used flow calorimetry. The intense radio frequency (RF)
noise from the glow discharge affected the thermocouples, so he switched over to a bomb
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calorimeter for a while. With this method, heat builds up inside a well-insulated cell. Total
energy can be computed by comparing temperatures before and after the run, when the RF is not
present and cannot affect the measurement. A flow calorimeter can be run indefinitely, for hours
or days, whereas a bomb calorimeter reaches its limits in about twenty minutes, after which it
either stops storing energy and loses track, or it explodes (hence the name). 4 A bomb calorimeter
would not work with a Fleischmann-Pons experiment, which runs for weeks. But the glow
discharge runs for only fifteen minutes before the cathode disintegrates, so the short time limit
does not matter.

Other Ways to Improve Signal to Noise Ratio
There are other ways to improve results besides making a bigger cathode, but these other

techniques soon run into their own set of roadblocks. Background electrolysis power can be
reduced by bringing the anode and cathode closer together. Most are only a few millimeters
apart, which is about a close as they can be in a handcrafted cell. Background electrolysis power
can also be reduced by increasing the concentration of salts in the electrolyte. Many experts feel
cathodes would work better at a higher operating temperature, perhaps 80 to 300°C. This calls
for a pressurized, sealed cell, which is more complicated and dangerous than a regular glass cell
at atmospheric pressure. Many researchers, frustrated by their inability to increase the signal,
have concentrated instead on decreasing the noise. They build elaborate and expensive
calorimeters. This can become a distraction, draining away time they should devote to improving
materials and electrochemistry. Ultimately, researchers hope to find improved methods of
making or operating the cells that will boost the cold fusion reaction itself. Conventional
electrochemical tricks such as bringing the anode and cathode closer together add nothing to our
knowledge of cold fusion.

Scaling Up Might Not Help
With some cathode materials and calorimeter types, scaling up may actually reduce confidence

in the result, even if excess heat increases. Electrolysis input power may increase more than the
excess heat, drowning it out. Or the overall heat, including input, may be too high to measure
easily.

Some researchers who claim milliwatt reactions with thin film wire are satisfied with their own
calorimetry. They say the excess heat signal is strong enough to be measured with confidence.
Making it larger would not serve any scientific purpose. They say they are too busy to scale up,
and they will make real progress by concentrating on goals such as developing a theory. Others
doubt these results, and would prefer to see 10 or 100 times more wire. The devices are the size
of a computer chip, and reasonably inexpensive to fabricate, so building a ten by ten array of
them would not be out of the question.

Some reactions cannot be scaled up because electrolysis input power would make the cell boil.
This is harder to fix than you might imagine. Edmund Storms tried a variety of methods before
coming up with a cell for a Seebeck calorimeter with “cooling fins”—tubes extending from the
cell filled with electrolyte, which increase surface area. (Figure 1.) This kind of glassware cannot
be purchased. Storms makes much of his own equipment from scratch. He blows his own glass,
so he can innovate in ways that researchers who buy materials cannot.
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Figure 1. A cell made by E. Storms for a Seebeck calorimeter, with “cooling fins”—tubes extending from the
cell filled with electrolyte, which increase surface area. These fins would defeat the purpose with an
isoperibolic calorimeter.

Any method of cooling is likely to take up more room with a bigger cell, which can make the
whole apparatus unwieldy. You would not think so, because a cell is a small, hand-held object.
Making it a little larger should not matter. But a cell is often placed inside a box, which is inside
another box, to shield it from ambient temperature changes. It may be several layers inside, like a
wooden Russian Nesting Doll (Figure 2). When the core object—the cell—grows bigger, the
outer containers must grow proportionally. The innermost container is usually a cube 20 to 40
cm per side. Some containers have room to spare for an extra large cell. Others are stuffed with
cooling fans, pumps, magnetic stirrers, ambient temperature thermocouples, IR sensors, neutron
detectors, and so on. The inside of a Seebeck calorimeter is particularly crowded, because it is
expensive real estate. The small Seebeck calorimeter shown in Figure 3 costs $6,000. The
innermost chamber is a cube 18 cm on each side. The fan on the right keeps the cell from boiling
over. Another method of shielding is to place the cell in a water bath, usually the size of a picnic
cooler. Researchers with plenty of money use expensive laboratory-grade baths with precisely
controlled temperatures. Researchers working on a shoestring use actual picnic coolers.
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Figure 2. To guard against ambient temperature fluctuations, calorimeters are often arranged with boxes
inside of boxes, like wooden Russian Nesting Dolls (Matrioshka). This calorimeter was actually made of wood,
by E. Storms.

Figure 3. The Seebeck calorimeter used by E. Storms. The cell is placed in the center of the inner chamber,
along with a fan. Water from the reservoir circulates through the envelope, keeping the reference
temperature constant.

A larger cell with more water will have higher thermal inertia. It will take longer for the cell
temperature to change in response to a change in the power level, which means it takes longer to
calibrate. When the cell grows too large, it may take a full day to establish a single calibration
point, and weeks to establish a curve, which is untenable.
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After electrolysis finishes, another limitation may crop up. The cathode may not fit inside a
scanning electron microscope or a mass spectrometer. A large cathode may have to be cut in
half, which would probably contaminate it, defeating the purpose.

Laboratory equipment is designed for hand-held, hand-made samples. It would be annoying to
make samples any larger, or smaller. The picnic coolers, constant temperature baths, power
supplies, oscilloscopes, quadrupole mass spectrometers and so on are made in a size convenient
for humans, like the breakfast table. They are small enough to be picked up by middle-aged
researchers, and narrow enough to fit through ordinary doors. At Osaka University, ion beam
cold fusion experiments are performed with an accelerator 30 meters long. It is housed in a
warehouse-sized facility, equipped with overhead cranes that can pick up tons of equipment.
Everywhere else, the research is conducted in cramped rooms with manual labor.

At NERL, we have been working on-and-off for several years to try to test a Hydrosonic Pump
(TM) at our facility. We previously reported our positive results at the Hydrodynamics plant. 5

When we initially acquired a factory spare unit, it was 56 kW. This was much too large for our
purposes. It made preparations very difficult. We rewired our AC electricity, transformers and
hook ups. There were other problems; the original rotor unit was not matched correctly to the
motor, and a replacement rotor unit needs professional precision realignment on a test stand. It
would have been much easier and cheaper to test a miniature pump that consumes 10 watts. The
test bed at Hydrodynamics, Inc. cost tens of thousands of dollars, and it was designed by the
former dean of Mechanical Engineering at the Georgia Institute of Technology. It has been used
to demonstrate convincing excess heat. We have not succeeded with less rigorous methods and
fewer instruments.

Even after you go to the trouble to make a larger cell, and you manage to produce more heat
without proportionally increasing the background, the statistical significance of the results may
still go downhill. Suppose a flow calorimeter is used to measure 100 watts (including
electrolysis). Most off-the-shelf, reasonably priced precision pumps and flow meters work best at
flow rates up to ~60 ml per minute. At that rate, the outlet water would be 24° hotter than the
inlet, which would degrade accuracy. Most researchers try to limit the difference to about 10°,
because water has different properties at elevated temperatures, including a slightly different
thermal capacity. Other problems would crop up, because the instruments would have to do two
jobs at once: measure heat, and prevent overheating. Instruments designed for multiple purposes
are usually not as good as dedicated ones.

In 1991, Tadahiko Mizuno conducted the only large-scale palladium cold fusion experiment
on record. It was convincing and dramatic, but also uncontrolled, irreproducible and probably
dangerous. It is described in his book.6 Most cathodes weigh one gram or less. Mizuno used a
100-gram cathode in a closed cell. During two months of electrolysis, it produced 10 megajoules
of excess heat in a normal cold fusion reaction. After electrolysis was turned off, instead of
cooling, the cell went into heat after death mode, and threatened to go out of control. It was
placed in a large bucket of water. All the water in the bucket evaporated and was replenished
four times. Over ten days, the cathode generated another 85 megajoules, evaporating 17.5 liters
of water. No one ever again tested such a large piece of palladium. Given the high cost of
palladium and the unexpected risk this experiment developed, it would not be prudent. An
experiment with 1,000 grams of palladium in a closed cell the size of a shoebox would be
foolhardy. It would probably not produce any measurable excess heat, but if it worked as well as
Mizuno’s cathode, it would briefly produce thousands of watts before exploding violently


