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Tungsten Cathode Arrives,
FF-1 Assembly Moves Forward Despite Problems
The new tungsten monolithic cathode, key to LPPFusion’s next set of experiments, arrived at our laboratory in
Middlesex, NJ on Feb. 27. Careful acceptance tests confirmed that it is 99.95% pure tungsten and is within
the 150 micron tolerances that we specified, a significant accomplishment by the manufacturer Tungsten
Heavy Powder and their colleagues in Beijing where the tungsten factory is located. To manipulate the 35-kg
cathode, LPPF’s research team erected a gantry, which they used to lift the tungsten cathode, protected by a
steel “hat”, out of its box. (see video)
An independent laboratory report, which arrived almost simultaneously with the cathode, showed that the tungsten failed under a tension of only 4,000 psi (pounds per square inch), far less than the anticipated tensile
strength of around 40,000 psi. The test was based on testing samples cut from a tungsten cathode blank produced in the same way as the tungsten cathode. The reason for the low strength is that the height of the tungsten
cathode made it impossible for the manufacturer to fully compress the powder into a seamless piece of metal.
The density of the cathode is 18.3 gm/cc, while a fully compressed tungsten part will have a density of 19.3

gm/cc. LPPFusion was aware of this difference in density, but did not expect it would result in such a low tensile strength.
Figure 1. In preparation for assembly of the
tungsten electrode onto FF-1, LPPF team
members (Left to right) John Harhai, Ivy
Karamtisos and Eric Lerner assemble the old
cathode onto the vacuum chamber for a test
of the compression of the sealing O-ring.
The tensile strength —the strength for slow,
long acting forces—has a considerable effect
on how the tungsten cathode is to be attached
to the steel plate that hooks it into the circuit
and to the vacuum chamber that hangs beneath it. Thus the original plan for using the
thin tungsten rim to attach the cathode to the steel plate was no longer workable as the rim was simply too weak
to withstand the stress applied once the assembly was completed. Chief Scientist Lerner made an error in not
concluding from the laboratory tests that the assembly would fail, an error not caught by other team members.
So after the cathode was attached to the steel plate in
an assembly, a gradual fracture of the supporting
tungsten rim took place overnight, starting with localized weak points on the rim.
Figure 2. LPPF CIO Karamitsos cleans a scrap
piece of tungsten with acetone and ammonia to decrease resistance in another test. The silver-plated
steel ring at bottom will attach to the tungsten anode
and deliver current to it.
The rim served both the mechanical function of attaching the cathode to the steel plate and the electrical function of connecting the cathode to the current
to be carried in the steel plate. Fortunately, the inner electrical current contact was on the innermost, unbroken part of the rim and remained functional. But cracks were identified that, if allowed to grow,
could compromise that vital function.
Mechanical Engineer Tony Ellis succeeded in quickly proposing a replacement attachment method. In place of
the tungsten rim, he designed a steel brace fit over the outer flange of the cathode to attach it to the steel plate.
A high strength resin will fill the small space between the brace and the cathode flange. In this way, the force
needed to press the tungsten and steel pieces together will be spread over the 1-inch-thick tungsten flange, not
the 1/4-inch-thick rim.
To stabilize the edge of the tungsten bottom of the cathode, and to prevent any further microcracks, Rudy
Frisch, an engineer and member of the LPPFusion Advisory Board, designed a fiber-reinforced composite
whose nylon fibers will be wound around the tungsten to compress it, while epoxy resin will be used to stabilize
the fibers. Such fiber composites are widely used in the aerospace and other industries as high-strength materials. The new brace (Figure 3) design was implemented by LPPFusion’s other Mechanical Engineer, Jonathan

Klabacha and is now being manufactured. As the brace is made of steel and is a simple design, we expect it to
be ready soon enough for assembly to be complete in April and firing of FF-1 to commence then.
Figure 3. The steel brace (orange in this
drawing) will fit over the tungsten cathode (grey) and be bolted to the steel
plate (light colored material).
To further minimize stress on the tungsten cathode, the team is minimizing the
pressure needed to form a low resistance
connection between the steel plate and
the tungsten. For this connection, indium, a very soft metal, is squeezed between the two parts. LPPFusion’s CIO
Ivy Karamitsos, who pitches in at the lab
for fine-scale work, was able to reduce
this pressure considerably with an improved indium application technique. Equally important, tests by Karamitsos and Lerner showed that the new technique insured that any microcracks in the tungsten current contacts can be successfully bridged over by the indium and will not cause problems during shots.
“We are confident that, despite the problems we’ve encountered, we will still be able to fire FF-1 with the tungsten electrodes,” says Lerner. “In any experimental program, errors will occur, but we can deal with them.”
To minimize future errors when experimenting with the newly designed FF-1 components, the team has
added new quality assurance procedures. In particular, a “checker” will be designated at all design development points and during assembly, to question decisions about device assembly before they are implemented.
The good news is, the low tensile strength will not affect the cathode’s ability to stand up to the shocks it
receives when FF-1 fires. Since the shot current and the magnetic fields it generates last only microseconds,
the stress on the tungsten appears as an impact. The critical strength to resist impact is the fracture energy, and
for a crack to occur, both the tensile strength and the fracture energy must be exceeded. The fracture energy of
the cathode, 2 J/cm2, is just what LPPFusion had expected (we had those test results months ago) and well
above the energy we calculate that the cathode will receive in a shot, so the new results don’t change the
team’s confidence that tungsten cathode can take the shock and will survive many shots.

US Citizenship and Immigration Services Threaten to
Revoke Dr. Yousefi’s Visa, Appeal Planned
In a highly unusual action, the US Citizenship and Immigration Service has issued a notice of intent to revoke
the EB-1 visa of LPPF Chief Research Officer Dr. Hamid Reza Yousefi. The USCIS claims that, even though
the service concluded that Dr. Yousefi was an “outstanding” scientist worthy of this type of immigrant visa, on
review they decided that we had not “proven” that he was outstanding.

LPPFusion, working with Dr. Yousefi and a very experienced immigration lawyer, Linda Kenepeske, is submitting an appeal to this letter of intent with all the proofs required by the USCIS. We strongly object to the arbitrary nature of this review, five months after this immigrant visa was issued and eleven months after a similar
“outstanding” non-immigrant visa issued.

Beryllium Electrodes Ordered,
Import Application Submitted
As we prepare to use the tungsten electrodes for the first time, LPPFusion is also preparing for the final set of
electrodes, to be made from beryllium. The tungsten electrodes, with their extreme resistance to heat, will allow
the tests needed to pave the way for the use of beryllium, which is a much more resilient material and much better suited to sustain the high x-ray fluxes expected in the later stages of the experimental program.
LPPFusion has now succeeded, after many months of effort, in negotiating agreements with three companies to
supply and machine the beryllium electrodes we need. Rev Manufacturing of Palmdale California will machine
two anodes, one 10 cm long and one 7 cm long and Hardric Laboratories of North Chelmsford, Mass. will machine a single cathode, 10 cm tall which can be used with both anodes. The cylindrical beryllium billets for the
parts will be supplied by Ulba Metallurgical Plant, a state-owned company in Kazakhstan. The total cost of the
parts will be about $135,000, although this may be somewhat reduced with the final design of the cathode.
The strength of the 97.8 % pure beryllium, 44,000 psi, is guaranteed by the manufacturer and will be confirmed
by independent tests. The design considerations inspired by our recent experience with tungsten did however
lead to a much cheaper way to attach the beryllium to the steel, saving about $12,000.
Since beryllium is export controlled, permission from the US Department of Commerce will be needed to import this material, and has been applied for. Assuming that permissions will not be long delayed, the beryllium
electrodes should be available in the fall of this year. Department of Commerce agents have already visited LPP
Fusion laboratory to assure that beryllium would not be re-exported and have expressed satisfaction with LPP
Fusion compliance.

