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Fusion Yield Up Almost 50% as FF-1 Resumes Firing

Six weeks after resuming firing, FF-1’s fusion yield reached 0.25 J on May 23, a nearly 50% increase over the

highest-yield shot previously achieved with this device. This increase, confirmed by a second shot on May 24,

provides the most concrete evidence yet that our continuing effort to reduce impurities in FF-1 increases fusion
yield.

FF-1 resumed firing on April 11 after a bake-out that had removed the vast majority of the oxygen in the device’s
vacuum chamber. Unfortunately, three unforeseen circumstances increased impurities far above our plans. First,
a leaky valve introduced about 100 mg of water vapor into the chamber right before the first shot, creating a thin
layer of oxides. Second, some oxides may have been formed during the heating phase of the bake-out itself, due
to a somewhat too rapid rise in temperature. Third, our initial effort at preionization by small pulses of current
itself eroded tiny particles from the tungsten anode, allowing them to vaporize into the plasma.

Despite this rocky start, the LPPF research team had reason for optimism. The oxide layer was clearly much
thinner than that which we dealt with in 2015, before our bake-out. Then, the layer was opaque to light and the
golden color of tungsten bronze, indicating a thickness of at least one micron. But in April, the layer’s color ran
in a spectrum from red to violet, indicating interference coloring like that of a soap bubble, and thus a thickness
of less than about 0.3 microns, or about 100 mg of oxygen.

Even more important, we could anticipate that FF-1 would be self-cleaning in its current configuration. When
fired, the device’s hot plasma would vaporize the oxide layer, breaking up the molecules and releasing free
oxygen. Some of that oxygen would be trapped in the titanium nitride coating that we had added to the chamber
surface, and bonded too tightly to be released in future shots. Another part of the oxygen would combine with the
deuterium gas filling the chamber, becoming water vapor, which could then be pumped out. In that way, the
oxides would be reduced shot by shot.
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Fig. 1 Over the past month, fusion yield has risen shot by shot as FF-1 impurities have dropped. The curve is an
exponential fit of 10% increase per shot. Past record yield was 0.17 J.

As we fired, we saw clear evidence of this cleaning effect, as the pressure “pop” after each shot, measuring how
much oxygen was released, steadily declined by about 10% per shot. We also observed the fading of the colored
deposits and the reduction of tungsten bands in the optical spectra for the plasma.

To improve preionization, we switched, on the suggestion of LPPFusion Research Physicist Dr. Syed Hassan, to
a gentler method: a glow discharge. The aim of preionization is to create an electron “traffic jam”—enough free
electrons before the main pulses, so that the electrons will move slowly and have too little energy to vaporize the
anode when they enter it. While in an arc discharge, a medium current—about 100 amps—is suddenly
discharged to create the free electrons, in a glow discharge a much smaller current, of about 40 microamps, flows
continuously through the gas. Which type takes place depends on how much current is supplied in the
preionization phase that precedes a FF-1 shot. Again we saw clear visual evidence that the glow discharge did
not create new dust and allowed the shots to smooth away the erosion previously created. (Fig. 2)

With the improved pre-ionization and FF-1’s self-cleaning, we got our first measurable fusion yield on the 22nd
shot, April 26. At that point, fusion yield started an accelerating rise, shot by shot. (Fig.1) We still had too much
impurity to run well with our planned nitrogen-deuterium mix. (The tungsten impurities combined with the
nitrogen require too much ionization energy to strip off all their electrons during the compression phase of the
shot, preventing even compression.) So we switched to pure deuterium. From May 11 to May 18, fusion yield
doubled, and then doubled again.



As fusion yield rose, we got several additional indications that with fewer impurities, compression was more
symmetrical. The ion beam produced by the plasmoid was going straight down our meter-long drift tube each
shot, showing a good alignment of the plasmoid with the axis of the machine. In the past this had occurred rarely.
In addition, the “early beam” phenomenon, where the beam preceded the plasmoid formation by 50 ns or more,
had disappeared, with the beam peak preceding the fusion peak by only 10 ns.

Fig.2 Anode near the insulator shows smoothing in photo taken April 26 (left), while last September the same
region showed extensive cracking (right).

Finally, on May 23, with our 50"" shot of the new series, fusion yield rose above anything previously observed
with our device: 2.5x10'! neutrons were emitted. Our three methods of counting neutrons (silver activation
counter, bubble detectors—see below—and photo multiplier tubes) all agreed that our last record, set almost 200
shots ago back in May, 2013, was surpassed by 45%. A shot almost as big, with over 2x10'! neutrons was
observed on the next day.

These shots are a record not just for us. For all researchers working with our type of device, a dense plasma focus
or DPF, our May 23 shot is 50% more than any previous
shot at this peak current of 1.1 MA (million amps) and
double the previous record for our total input energy of 60
kJ. This is important, as this shows we are moving back
towards the steep scaling law that predicts energy
increasing as the fourth power of the peak current. In
previous work, this scaling curve has leveled off for current
over 1 MA.

The research team expects further progress ahead. In May
we were slowed by the need for significant maintenance of
switches and their gas supply system. With much of that
maintenance out of the way, we hope to get closer to 100
shots per month. In addition, in the past week, as we moved
to lower fill pressures, the preionization discharge stopped
working correctly. We will adjust the preionization current
next week and monitor it more closely to ensure optimal
function. We expect that this change, in addition to further
self-cleaning, will again increase yield.




Where FF-1 Places in the Fusion Race

Many people have asked where exactly FF-1’s results stand in relation to much better-funded efforts, such as the
privately-funded Tri Alpha and General Fusion or the government-funded tokamaks. So we prepared these three
charts to summarize the present situation in the “fusion race.” The first chart compares the plasmas that each
device creates, using a measure called n-tau-T. For net energy, we need three ingredients: enough temperature, T,
to burn fusion fuels, enough time, tau, to confine the hot plasma, and enough density, n, to burn the fuel fast
enough, since the burn rate increases as the square of density. Just multiply the three numbers together and you
get n-tau-T the density-time-temperature product, a rough measure of how close the plasma is to the conditions
needed for net energy.
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Fig. 3 FF-1is far ahead of other private fusion efforts in plasmas parameters, although not yet ahead of the
large government-funded experiments.

In figure 3, we plot the latest published results of various fusion experiments. Right now the best plasmas have
been obtained with the new Chinese tokamak experiment, EAST, and the giant US laser facility NIF. In a second
group, about a factor of ten lower, is the new German stellarator W7X, the JET tokamak in the UK and our own
FF-1 in fifth place. Spread out a factor of hundreds to thousands below the second group are the other privately
financed efforts, EMC2, Tri Alpha and General Fusion. These efforts are much better funded than FF-1 but at the
moment have far cooler and less dense plasmas.



A better way to look at overall performance of these various devices is what is called ”wall-plug efficiency”
(figure 4)—the ratio of the fusion output to the total energy put into the machine from the grid (the “wall plug.”)
This combines how good the plasma is at producing fusion yield with how good the device is in getting energy
into the plasma. For consistency we are comparing only results running with deuterium as a fuel, not the much
more reactive deuterium-tritium mix.
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Figure 4. In terms of wall-plug efficiency, FF-1 ranks number 2, just behind JET, the European tokamak.

Here the picture is different. The other private efforts drop out, as they don’t have measurable fusion yield from
their machines (or in the case of EMC2 have not published any). NIF drops back to 4™ place, because its lasers
are extremely inefficient in converting input energy into plasma energy. FF-1 moves up to second place, nipping
at the heels of JET, and EAST is in third, right behind FF-1. This is in part due to FF-1’s high efficiency in
coupling electrical input into the plasmoid that produces the fusion.

Of course, if one is allocating resources, it also counts how much each research effort costs. In our view, all
possible routes to fusion should be funded until one actually succeeds in producing a working generator. But it is
worthwhile to see how much progress results from how much investment. In figure 5, we just divide wall plug
efficiency by the total cost of the projects to date to get “efficiency per million dollars.” Here, we’re number 1.
Since FF-1 has only cost $5 million since its inception, its efficiency per megadollar is ten times that of EAST, a
hundred times that of JET and a hundred thousand times that of NIF.
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Fig. 5 FF-1 is first in efficiency per million dollars invested.

This is, to be sure, just a snapshot of the race to clean energy, one that can change radically in the future. Who
knows? We might get to be first in all three charts.

Hydrogen-Boron Fuel Burns Faster

LPPFusion’s research has from the start been aimed at using hydrogen and boron as the neutron-free fuel for a
fusion generator. Other groups are also working towards using this ideal fuel. This month, there was some good
news for this fuel’s prospects. Researchers at Duke University and the Triangle Universities Nuclear Laboratory
in Durham, NC published results showing that the fuel, known scientifically as pB11, will burn somewhat faster
than had previously been thought. This will make it easier for FF-1 and other devices to reach net energy using
this fuel.

Since nuclear physics has not advanced to the point that nuclear reaction rates can be calculated theoretically,
researchers use measurements obtained when nuclei collide in experiments using small particle accelerators. But
these experiments have limitations as very low energy collisions are hard to distinguish from background
radiation, among other problems.

The two Durham researchers, Drs. Sikora and Weller, found that measurements of the energy spectrum of the
alpha particles (helium nuclei) produced by the reaction could be used to overcome these problems, arriving at a



more accurate measurement of the cross section of the reaction (the probability that two nuclei will undergo the
reaction) at all energies of collision. These cross sections were then used to calculate the reaction rate for the fuel
at any temperature.

The net result was to increase the expected burn rate by 15% over calculations and measurements performed in
2012. This is actually better than it sounds, as many analyses of pB11 fusion, including those published by
LPPFusion researchers, relied on still earlier results, which were nearly a factor of two lower than the new
Durham numbers. Using the new numbers will reduce the plasma density needed to get net energy with pB11 by
a similar amount, around a factor of two.

Fund-A Shot Donors, Investors Supply Needed Funds

Donors and investors both sharply increased funding for Focus Fusion research at LPPFusion in the last month.
The Fund-a-Shot fundraising drive netted over $15,700 in the last month, a ten-fold increase over the monthly
contributions in the previous few months. At the same time investments in LPPFusion’s latest stock offering
increased by $240,000. Our sincere thanks to those who have shown confidence in our work towards clean,
cheap and safe energy.

We attribute much of the increase to renewed interest in our work as we have, after a seven month hiatus,
resumed firing FF-1. The donations alone constitute almost 30% of our average monthly expenses and covered
most of the shots we’ve fired so far. If this level could be maintained, the donations would enable LPPFusion to
hire an additional laboratory researcher, considerably speeding our efforts.

On the investment side, we now have $315,000 in shares available to qualified investors before we hit the $1
million a year ceiling set by our current offering. If we reach that ceiling, we intend to move on to a different
type of offering with a $5 million a year ceiling, requiring a financial audit.

Many individuals have asked us about the impact of the newly-implemented US securities rules that allow small
investors to invest in non-public share offerings like LPPFusion’s. Such investments must, under the new rules,
be channeled through certain approved “platforms,” which function for such investments the way crowdfunding
sites like Indiegogo function for donations. Right now, we are looking to see if any of the new platforms is
suitable for LPPFusion shares. If one is, we then have to apply to be accepted by that platform—mnot an automatic
process. At that point, our shares would be available to all small investors. We’ll keep everyone informed as this
process proceeds (within the limits imposed by these rules on advertising!)

Jose Varela Joins LPPFusion as
Systems Administrator

Jose Varela has joined the LPPFusion team as Systems Administrator. Mr. Varela is completing his studies for a
Computer Science degree, so will be working with us full time during the summers and half time during the
school year. He has been contracting with the company for over a year now and has demonstrated a high level of
accomplishment in all areas of information technology, providing lighting-fast IT fixes. He has supplied many
automation, security and productivity solutions for our operations. He is an indispensable team member during
experiments, when, together with LPPFusion’s Chief Information Officer, lvy Karamitsos, he designs data
solutions that reflect FF-1 and system changes. In addition, he covers many office administrative tasks. His



accomplishments are creating time for long awaited systemic upgrades, such as switching to Linux OS,
coordination of essential custom-written LPPFusion software components, and development of new educational
materials for our funding and outreach efforts.



