





GEORGE CURTIS SPONSLER
ATTORNEY AT LAW
7804 OLD CHESTER ROAD
BETHESDA, MD 20817-G280

{(301) 320-3431

September 9, 1996

Neal Blue

Chairman

General Atomics
P.O. Box 85608

San Diego, CA 92186

Dear Mr. Blue:

I am writing to inquire if General Atomics might propose to DOE and eonduct a critical experiment to
test a new theory of mine of what I call neutron-halo catalyzed tngg&re\d -filsion. Dr. Edward C. Creutz
- retired director of your La Jolla Laboratory to whom 1 was referred by Dr. Frederick Seitz, president

emeritus of both The Rackefeller University and the National Academy of Sciences - gave me your
name. -'

Dr. Walter Polansky, director of DOE’s Division of Advanced Energy Projects, has advised me that he
could provide the $200,000 to $300,000 funding for the neéded experiment, provided a reputable
laboratory proposed the work and that proposal passed DOE peer review. If General Atomics, in return
for a reasonable share of future license income (if any), would assist me in this regard, as well as
perhaps aiding in the preparation of a«Continuation in Part to my present patent application (although
both a physicist as well as an attorney, I'amot a patent attorney), I would welcome your assistance.
Or perhaps you might prefer some other arrangement, which I would be pleased to consider.

Dr. Creutz also suggested Dr. Marshall Rosenbluth, a General Atomics consultant now with the
University of California at"ﬁ_an'Diego, might assist you by reviewing my theory. If you would execute
the enclosed Non-Disclosure’ Agreement ( my resume is also enclosed) I would be happy to provide
you with a copy of my proprietary paper. | would welcome a review by such a distinguished scientist.
Sincerely

e (“//J— L/I’L\\

George C. Spéasler

(>3 E. C. Creutz (w/o enc)
W. Polansky (w/o enc)
E. Seitz (w/o enc)
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> August 13, 1996

Dr. George C. Sponsler
7804 Old Chester Road
Bethesda, Maryland 20817-6280

Dear George:
LAV WWULIUMELLUL W2 aleal VI YUM allu iearih Wldl your mnung ana I:'(:Iill:l..ﬂ
activities are running at the same full pace as ever!

I can understand your difficulties with Livermorc¢ unless you have a
special ally there, since it is, in the last analysis, a'weapons laboratory. Someone
at the Fermi Lab might be more receptive, but'l do confess that you probably
would encounter a similar problem there although for different reasons.

One alternative which could be fruitful is to make contact with the
Frascati Laboratory near Rome in Italy. It carried out a great deal of work on
cold fusion which was never published since the results were negative, but,
particularly if you can obtain funding, might well take your proposed
experiment very seriously. My first-hand contacts there are with individuals in

i 1 " i hai e if yran wrich Mhac sea
Ehfl'f &'&ﬁt‘i‘}’ﬁfgﬂ*ﬁ‘ﬁfﬁfé}’ 'éc’:'fl‘fd d?ggugéut‘fl e 'ﬁli'a{t':tgr';wﬂ'x the director. s

An alternative suggestion'is that you review the matter with Dr. Edward C.
Creutz. He was a very successful nuclear physicist and then became research
director at the General Atomics Laboratory in La Jolla. In fact, he and Freddy de
Hofmann created that laboratory in the 1950s and 1960s. Ed’s address is as
follows. Edward C. Creutz, P.O. Box 2757, Rancho Santa Fe, California 92067, Tel:
(619) 756-1980. Ed'has some form of minor palsy and does not write very well, nor
does he have immediate access to secretarial services, so it might pay to call him,
using my name when you do so.

Incidentally, I would like to see your manuscript at your convenience. I
may see Creutz in Pittsbhburgh at the end of September at a fifticth anniversary
celebration of the creation of the Nuclear Physics Laboratory there hy Ed
Creutaz.

Very best regards,

F%en citz

P.S. My fax is as follows: (212) 327-7559.
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GEORGE CURTIS SPONSLER
ATTORNEY AT Law
7804 OLD CHESTER ROAD
BETHESDA, MD 20817-6280

(301) 320-3431

July 30, 1996

Dr. Frederick Seitz
President Emeritus
Rockefeller University
1230 York Avenue,
New York, N.Y. 10021

Dear Fred:

1 would like to ask your advice in gaining the assistance of a repuitable laboratory to test a theory
of mine of catalyzed nuclear fusion - what I have termed “triggered-tusion™ - on which I have
been working (intermittently) over the past several years. I hold a pending patent application; so I
would ask that you please treat the matter conﬁdensially.

Dr. Walter M. Polansky, Director of DOE’s Division.of Advanced Energy Projects, has advised
me that he could provide the $200,000 to $300,000-funding for the needed experiment, provided
a reputable laboratory proposed the work and that proposal passed DOE peer review. I have
contacted the Livermore Lab in this regatd, but they are procrastinating because, I believe, they
view the phenomenon as cold-fusion.

It is true that I began my work @as an attempt to explain certain aspects of the now discredited
cold-fusion, but it is not cold-fasion. My theory is that an incident (several hundred Kev)
projectile deuteron (or proten) picks up a palladium-target atom skin-neutron as a halo, which in
turn catalyzes a subsequent fusion event with a thermal deuteron absorbed in the palladium lattice,
The theory is easily tested by conducting the needed experiment, measuring the fusion probability
of the bombarding particle. My theory also shows that the hypothesized palladium atom’s
neutron-skin would explain the anomalous diffusion of hydrogen isotopes in palladium.

Should you wish, I would be happy to send you a copy of my theory. But I thought it might prove
burdensome in light of your other commitments; so I decided simply to ask your advice, which I

do solicit with my thanks for your help.

Sincerely,

GeorgeC. Sponsler

cc: W. M. Polansky

=F
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GEORGE CURTIS SPONSLER
ATTORNEY AT LAWwW

7804 OLD CHESTER ROAD
BETHESDA, MD 20817-6280

(301) 320-3431

March 14, 1996

Dr. E. Bickford Hooper

Assistant Deputy Associate Director
Magnetic Fusion Energy Program
Lawrence Livermore National Laboratory
P.O. Box 808

Livermore, CA 94551-9900

Dear Dr. Hooper:

After receiving your letter of October 4, 1995, following your suggestion, I consulted with my old friend
and former Princeton classmate, Prof. Carroll Alley, who gave me entree’ to the University of Maryland’s
physics library. I then purchased a new, more powerful, computer and have revised and rewritten my
former paper, “Triggered-Fusion,” copies of which I had previously forwarded you and Drs. Polansky and
Tarter. I have enclosed the revised version, “Neutron-Halo Catalyzed Triggered-Fusion,” without the
Appendix thereto which also needs to be reworked.

As you will see, the revision is still subject to several’'of the legitimate criticisms to the earlier version which
you raised in your letter of September 20, 1995, The principal question is the existence and life-times of
the hypothesized excited states of the protoniand deuteron triggers. The publication problem associated
with my pending patent application alse’remains.

- However, in your October 4 letteryou said you would be pleased to look over my new calculations and,

should they be promising, consider-undertaking the needed experiment. On the assumption the proton and
deuteron triggers are indeed.activated and that their lifetimes are adequate for their subsequent fusions
with thermal deuterons.occluded in the palladium lattice, the fusion probabilities turn out to be about 8%
and 11% respectively.\ believe the associated theory is plausible and the results warrant proposing the
needed experiment to DOE.

After reviewing the new paper, would you please again give me your advice and recommendations.

Sincerely,

» <.’// P it ,,,u/’;_[,&/
George C. Spofisler

Enclosure

cc: W.M. Polansky
C.B. Tarter
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Neutron-Halo Catalyzed Triggered-Fusion

by
George C. Sponsler!”
Abstract

Triggered-fusion is a new approach to the con-
trolled nuclear fusion of certain ions with
deuterons absorbed in a palladium crystal
matrix. An incident beam of 1ions impacts a
thin deuterium-saturated palladium target
resulting in activation of the bombarding ions
and thelr subsequent fusion with absorbed
deutercns. The process is analyzed mathemat-
ically from the viewpoint of a single incident
proton or deuteron trigger. A physical mecha-
nism involving nuclear neutron-halos’ and
neutron-skins 1is propounded to explain how
palladium catalyzes the resulting ‘triggered-
fusion. Application is considered te the prac-
tical production of electric power.

I. Intreduction

Triggered-fusion offers a new way to generate electrical power
under controlled and reproducible), circumstances by directing an
energetic ion beam against a deuterium-saturated palladium target,
thereby activating the bombarding ions and creating subsequent
fusions with thermal deuterons absorbed in the palladium. This
paper presents a proposeds physical mechanism and associated
mathematical theory to.explain the process.

The physical mechanism envisions a two-step process: (1), an
initial activation, in which an incident trigger ion acquires a
halo-neutron of. its ©own by capture of an hypothesized palladium
skin-neutron; (2} f6llowed by a subsequent fusion, mediated by the
captured halo-neutron, o©of the activated trigger with a thermal
deuteron absorbed in the palladium target. The captured neutron is,
as with all ground-state halos, only loosely bound both as the
trigger's halo-neutron as well as, previously, as a palladium skin-
neutron.

A halo is a general phenomenon common to loosely bound
particles in short-range potential wells. Such particles can tunnel
guantum-mechanically into the space surrounding the nuclear
potential well. Halos may thus increase the nuclear radius by
factors of ten to twenty or more.! In the relevant energy ranges,
halos involve a nuclear core with usually one or at most two
valence neutrons and display the strength of a single-particle with

1* president, Law Mathematics and Technology Incorporated,
7804 0ld Chester Road, Bethesda, Maryland, 20817-6280.
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a low separation energy. Typical neutron halo?* separation energies
are of the order of 0.2 to 0 5 mev; and halo particle half-lives as
great as 8.5 milliseconds ( L1) have been observed.

There is ample experimental evidence which substantiates the
hypothesis that the nuclear potential may extend beyond the
classical radius of the deuteron and of other atoms. As an early
example, a shallow protruding shoulder potential - with a width
double that of the then accepted rectangular deuteron potential
well, 2.8x107 13 em - was shown by Behm and Richman? in 1946 to fit
the experlmentally measured scattering cross section of neutrons by
free protons (see Bethe~).

It is also now well established that neutrons as halos may
orbit the core of a nucleus, penetrating beyond the wall of the
nuclear potential well.® As neutrons are carriers, as it were, of
the nuclear force, such halos are analogous to penetration by the
nuclear force beyond the classical nuclear radius,

Usuall% halos (and hence their associated fields) are short
lived (<10™° sec). But there are similar, stable nuclei which
exhibit long lifetimes: so-called "pre-halos,™exemplified by the
deuteron itself; and "neutron-skin" nuclei such as palladium's
periodic-table neighbor, silver®, wherein the bulk of the neutron
density extends further from the nuciear e¢enter than does the
proton density. Furthermore, halc neutronsumay be both captured cor
lost by decay, and excited-state halos are also possible.6

As argued in the Appendix, it dis.very likely that the short-
range attractive nuclear force [associated with the presumed
palladium neutron-skin locally counteracts the repulsive Coulomb
force, thereby explaining both™the Unusually high diffusivity of
hydrogen isotopes in palladium and, more particularly, the
anomalous diffusivity of deuterium which experimentally is greater
in palladium than that of hydrogen per se.

Takigawa and Sagawa in’ 1991 suggested that the neutron halo
might facilitate fusion réactions.’ They showed that "the fusion
cross section of a halo nucleus is drastically enhanced at low
energies because of “the lowering of the fusion barrier and the
coupling of the translational motion to soft (dipole vibration)
modes of excitation“associated with the (valence) neutron halo." As
elucidated in '@ subsequent papera, they calculate an enhancement
of up to four orders of magnitude of the fusion cross section at
neutron-halo separation energies of 0.2 mev.

Experimental use of artificially-produced beams of hydrogen
isotopes to induce nuclear reactions has been widely practiced
51nce the original work of Cockcroft and Walton with protons in
1932° for which they were awarded the 1951 Nobel Prize in
Phy51cs. Cockcroft and Walton also experimented with deuteron beams
(e.g., in their 1934 transformation of the light lithium isotope
into the heavy one)

Perhaps the first hydrogen fusion experiment was that of

2* Experimentally, though less common than neutron halos,
proton halos have also been chserved.

2
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Paneth and Peters, published in October 1926!!, who attempted the
conversion of hydrogen into helium using palladium as a catalyst.
But their initial seeming success was subsequently reversed when
they discovered the observed helium most probably had actually been
an artifact in their experiment.

John Tandberg, working in Stockholm and influenced by the
reports of Paneth and Peters, built an electrolytic cell using a
palladium electrode in an attempt to separate hydrogen from oxygen
in ordinary water .12 Tandberg, in collaboration with Torsten
Wilner, later repeated his electrolysis experiment using heavy
water (D,0). In the 1940s Tandberg and Wilner bombarded a deuteri-
um-saturated palladium metal sheet with deuterons - recording the
generation of helium-three ( He) and neutrons. They may thus have
been the first to have demonstrated triggered-fusion experimental-
ly, if inadvertently and unrecognized as such.

More recently, Brookhaven National Laboratory chemists claimed
to have induced deuteron/deuteron (D/D) fusion_ by bombarding a
deuterium impregnated target (composed of titanium or zirconium
deuteride, or of polydeutercethylene) with heéavy water clusters
containing from 25 to 1300 molecules, using beam energies of
between 200 kev and 325 kev.l? They theorized that the heat and
compression generated by the 1mpact caused pairs of deuterium atoms
to fuse, momentarily creating %He and releasing the binding energy.

The Brookhaven experimental D/D fusion was enhanced over the
anticipated theoretical rate by a factor of 108 (originally 3 g
but reduced after an experimental artifact was identified).
Brookhaven may thus have been thewsecond group of scientists to
have chanced unknowingly upon) triggered-fusion, or a variant
thereof, albeit not in a palladium matrix.

Palladium-catalyzed triggered-fusion might alsoc explain some
of the reported but guestionable cold-fusion observations*® if
there were, for example, WUnrécognized (perhaps cosmic-ray induced)
showers of energetic protons acting as triggers. Similarly, it
might help explain the.electrolysis experiments of James P. Herson
with palladium-coateéd beads as reported on ABC televisionl®.

The presently’ known hydrogen-isotope fusion reactions are
listed in Tabhle 1.*? The reaction byproducts reported by Tandberg
and Wilner corkxespond to the first so-called branch, wlth an energy
release of 3.27 mev per reaction. (Note: 1. 9x10 of these
reactions would be needed every second to produce only one watt of
power). A sixth reaction, T + p, is often added to Table 1, but
this reaction may only be intermediary between the reactions on
rows 2 and 3, above, as indicated by the sum of the released
binding energies of D + D = T + p (4.03 mev) and T + p — “He +
gamma (19.81 mev) compared with line 3 (23.85 mev) of Table 1.
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Table 1: Known Deuterium Fusion Reactions
with Hydrogen Isotopes

RIMARY BRANCH ENERGY (E.) REACTIONS /SEC
REACTION PRODUCTS RELEASE (MeV) | PER 1W OUTPUT
D+D- 3He + n Vi 1.90x10%2
D+D — T + p 4.03 1.54x10%2
D+ D — iHe + gamma 23.85 2.61x1011

T + D ~ 4He + n 17.59 3.53x1011
p+ D~ 3He + gamma 5.49 1.13x10312

The initiating trigger might be a protoen,| deuteron, or even
helium-3, or perhaps yet other energetic ion /Capable of capturing
a halo neutron from a palladium crystal atom; but consideration of
neutron capture cross sections, as given'by Table 2, indicates the
proton mi?ht be most appropriate, were that the sole criterion for
selectionl®, However, a deuteron trigger would be preferable

because of the greater energy it would release (as a haloed-
triton).

Table 2%
Neutron Cross Sections for Isotopes of Hydrogen & Palladium
ISOTOPE Thermal o Integral o REMARKS

o 0.332°b 0.140 b b = barns
2y 0w52 mb 0.23 mb mb = milli b
3 < 6 pb 4b = micre b
10454 16 b 11% of all Pd
105pq 22 b 60 b 22% of all Pd
106pg 0.1 b 0.3 b 27% of all Pd
108pg 0.2 b 2 b 26% of all Pd

(Thermal Energy = 0.0253 ev; 0.5 ev < Integral Energy < 100 kev)

In passing, it might be noted that the comparatively low
neutron cross sections for 1°°pd and 1°8pd, might be explained if
those two isotopes possessed more pronounced heutron-skins which
would make neutron capture less likely; whereas the high cross
sections for 104%105pg pight indicate the greater receptivity of
isotopes not possessing such pronounced skins to acquire addition-
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al, halo-like skin neutrons.
II. Theory

By "activation" is meant the process by which a trigger ion -
initially taken to be a proton - captures a skin-neutron from a
deuterium-saturated crystal matrix palladium atom. As 1is shown
below, such capture increases the average radius of the trigger
nucleus and thereby increases its probability of fusion with an
absorbed deuteron, both by reason of its correspeondingly increased
"fairly-direct" collision cross section (reguired for fusion) and
by the reduced net Coulomb barrier which is locally counteracted by
the halo-neutron's short-range nuclear force.

The fusion cross section of two particles of radii r; and r,
in the required fairly-direct collision is given by:

G,=m(r +r,)? (1)

Empirically, the nuc¢lear radius, r,, of a nuclels composed of
A nucleons is given by:!®

r,=1.5x107*2a12 cg (2)

(This latter equation assumes, incidentally, that the nucleons are
uniformly distributed over a sphere ofiradius r,, and therefore it
does not apply to haloed nuclei. For éxample, the normal [pre-halo]
deuEPron nuclear radius is actually about twice that given by egn.
Z) .

However, using (2) the ratio of the proton/palladium activa-
tion collision cross section, a.p4, to the cross section, o 4, for
an inactivated fairly-direct cgllision of a proton trigger with a
thermal deuteron approximately would be given by:

; k| 2
Opra . [ 2 ¥2a, (3)
Opd 14/,

where Apy; is the palladium nucleus mass number (~106), and A, is the
mass number (2}, of deuterium. For a proton trigger we see from (3)
that the probability of a trigger activation collision is about six
and one-half times greater than the probability of a fairly-direct
p/D collision.

But a fairly-direct collision between an inactivated proton
trigger and an absorbed thermal deuteron is far less likely to
result in a fusion than were the trigger activated. Furthermore, a
p/D fusion would be less likely than the activation-capture of a
neutron by a proton trigger, because of the Coulomb barrier's
inhibition of the fusion event. It follows, and I hereafter assume,

3* The maximum Coulomb barrier potential of the deuteron
experimentally is about 260 Xev, corresponding to a nucle-
ar radius of about 4x10”!7 cm.
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that the trigger most probably will have been activated prior to a
(subsequent) fusion with an absorbed deuteron.

To make a better estimate of the halo radius, and to estimate
the activation neutron-capture probability, I treat the activated
proton trigger like a virtual deuteron the neutron of which is in
a metastable state possessing a separation energy analogous to but
lower than the binding energy of the stable deuteron.

If the potential, V(r), were known, the binding (or, here, the
separation) enerqgy, E, 1is negative and is determined by the
Schrddinger equation which, for the ground state and corresponding
spherically symmetric wave function, ¢(r), is given by:

d?u
dr*

+;r[E Vir)lu=o0 (4)

where r is the distance between neutron and proton, M is the mass
of proton or neutron, and u(r) = ry.

Egn. {4) cannot be solved directly for (B ;since V(r) is
unknown; but assuming a rectangular potential well“of depth V, and
width a and letting E = - W (where W, the binding or separatlon
energy, is positive), it can be shown that u.=.Crexp(-ar) is a good
approximation for u¢r) and that 1/c, (a.measure of the distance of
the halo-neutron from the proton) is giveniby:?2l

1
o

ron =

h
— 5
N (5)
Other types of short-range potantlal function give about the same
results as the rectangular well.?

Fig. 1 shows that, for an assumed range of separation energles
between 0.2 and 0.5 mev; the halo contracts from about 1.45x310
to about 9x10"13 cm from the proton. For the Deuteron binding-energy
of 2.19 mev, the separatioh, r, is 4.4x10733 °® (in the center of
mass system this corresponds to a radius of 2.2 cm). The effect of
the halo neutron is“thus to expand the effective radius of the
(virtual) deuteron and, as will be shown, correspondingly increase
the probability of “fusion with a thermal deuteron absorbed in a
palladium lattice or crystal matrix.

Lifetimes of the halced proton (or metastable or wvirtual
deuteron) are 1ncapable of calculation by this approach, but the
Heisenberg Uncertainty Principle relates the line =breadth of the
separation energy to the lifetime by AEAt = %.23 The experlmental—
ly observed halc lifetimes, ranging from 1070 to 1071? sec,
correspond to very sharp separatlon energy line-breadths ranging
from 6.6x1071° to 6.6x10719 mev.

In subseguent applications, however, a more precise expression
for the nuclear potential, V,(r), is needed than that of the
rectangular well.

Heisenberg's Uncertainty Principle (in 4pdx form) may be used
to estimate the nuclear potential functlon in the wvicinity of a
halc or valence neutron. Following Bohm 4 1t takes a momentum
pek/Ax, and hence an enerqgy Ehpg/zm = 2 /Zm(dx) to keep a deuteron

6
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(or haloced proton) of mass m (proton and neutron spinning about
their center of mass) localized within a region 4x. This momentum
creates a pressure, as it were, which tends to resist localization
of the deuteron. The pressure is opposed by the nuclear force of
attraction which holds the deuteron together. The deuteron radius
is determined by the equilibrium point where the nuclear force
balances the effective pressure. That balance peoint is determined
by the condition that the total energy, W (kinetic plus potential),
must be a minimumn.

If we neglect the binding energy and let W « ¥’ /2m(dx)? + v,
where V, is the nuclear potential, and set the partial derlvatlve
of W with respect to 4x equal to 0, we see V, = -#?/2m(4x)2. For a
halo neutron, 4x is equivalent to its radial separation, r, from
the proton. Therefore the nuclear potential near the edge of the
deuteron potential well may be approximated by the formula:

(6)

This formula does not recognize that the hale neutron energy
levels must be quantized (being given by.the eigenvalues of the
Schrédinger wave equation) but rather are assumed to be continuous.
The approximation is correspondingly inexact and should be treated
as giving only bounding or limit values.

The conclusion that the nuclearwattractive force field in the
vicinity of the edge of the potential well may be approxlmated by
a 1/r° potential is supported by the work of Takigawa et al?’ who
represent the positional density of a single neutron halec or
valence neutron by the formulas

-2
&~ 2%r (7)

p(8)= p,(r)

where r is the distance between the center of the valence neutrons
and that of the core of the haloced particle, and the diffuseness
parameter, x, is related to the separation energy, s, and mass, M,
of the valence neutron. For a haloed proton {(or virtual deuteron)
k is given by:

Mys (8)

K=, | ——

1.]2

and p, (x) = x/2n for a single halo (or valance) neutron.

Because of the short range of the strong nuclear force, it is
reasonable to assume that the effective potential created by a
neutron halo should closely resemble the shape of the neutron
density, given by egn. (7). More particularly, it is reasonable
that the nuclear potential should be attenuated by the same
exponential factor, exp(-2xr), in the wvicinity of the potential
wall. But p,(x) may not enter as a multiplicative constant, for to
de so would reduce the potential to zero as a limit, rather than to

7
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the required Heisenberg limit given by (6). As a better approxima-
tion of that potential, I therefore replace (6) by the following
formula:

hz e =2KI

V. (r)=
= 2mr?

(9)

As will be seen, (9) reduces to (6) when the separation (or binding
energy) s = 0.
The net potential near the nuclear well of a haloed proton,

would then be given by the sum of the repulsive Coulomb, V,, and
attractive nuclear, V,, potentials:
2 2
vir) = & o B g-ae (10)

r 2mr?

Equation 10 tacitly presents the net field «0©f the haloed
proton as seen by another proton without a halo. We, however, are
interested in the field as experienced by a (thermal) deuteron
absorbed in the palladium crystal lattice, the effect of which is
to introduce yet another (pre-)halo neutron (with "separation
energy" equal to the deuteron binding energy, 2,19 mev). The effect
of this additional neutron (as all halo neutrons are presumed to
act independently because of the shortirange of the nuclear force)
is to add by superposition a third term to (10), identical to the
second term thereof but with the separatiocn enerqgy, s, set equal to
the deuteron binding energy:

V(r]=i2_7‘_28-2x(air_ T e—2u(3=2.19): (11)
r 2omf* 2mr?

Equation 11 is plotted .in figure 2.The top (or red) curve in
fig. 2 represents the net potential of a normal deuteron (s=2.19
mev) as seen by a normal proton. The second (middle, black) curve
corresponds to the potential of the haloed-proton (s=0.25 mev) also
experienced by a normal (unhaloed) proton. The bottom (third or
blue) curve represents the haloed-proton mutual potential as seen
by a normal deuteron (possessing a single pre-halo neutron).

In passing it should be noted from the top curve of (11) that
the peak net repulsive potential for the deuteron, about 260 kev,
occurs at a radius of about 4x10™%*? cm: both in agreement with the
experimental wvalues, and lending credence to the use of the
potential function.

Figure 2 also demonstrates that the effect of the hypothesized
(250 kev separation energy)) neutron halo is, as anticipated, both
to reduce the peak repulsive potential (to about 140 kev) and to
increase the nuclear well radius (to about 7x10713 cm). Both of
these effects would increase the probability of fusion of a haloed
(i.e. activated) proton trigger with a thermal energy deuteron
absorbed in the palladium lattice, as calculated subseguently.

The probability, P,, of fusion of a trigger particle (here a
proton) with a thermal deuteron absorbed in a palladium crystal

8
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matrix is given by:
Pe=Pp*P, (12)

where: Psy, is the joint probability that an activated trigger both
collides fairly-directly with an absorbed thermal deuteron and
penetrates its net potential barrier (i.e. the fusion probability
of an activated trigger); and P, is the probability the trigger was
activated prior to its collision with the deuteron.

To determine P, it is first necessary to determine the cross
section, O, rurer £Or @ trigger capturing (via a stripping or pick-
up type of nuclear reaction) a skin-neutron from a palladium ion.
To do so I assume that capture is analogous to the capture of a
free neutron by a proton, employing Bethe's formula2®:

2 2
a —T[Ll % (m‘fm} (W]_"'Ea} (up_un)z {13)

G T T (W, +E, ) MC?

where (with E being the kinetic energy of the trigger): W; is the
binding energy (here taken to be the skin-neutron separation
energy, s) of the stable (or, here, virtual):.deuteron (for which W,
=2.19 mev); E, = E - Wy (Ocaptyre = 0 » BA< Wy) i W, (= 69 kev for
the stable deutercon) 1s a fictitious binding energy for the
deutercn singlet state determined ‘from the low-energy, singlet-
scattering cross section (and assumed to scale with W;, so that
Wo(s}) = (.069/2.19)sj p, and u, 'areé the moments of proton and
neutron in units of the nuclearmagneton; M is the mass of neutron
or proton; ¢ is the velocity of light; e is the electron charge in
esu; and % is Planck's constant divided by 2rw.

To determine the  activation probability, let ¢ be the
probability that an incident trigger is not activated in traversing
a path of total length x."Between x and (x+dx), Q is decreased by
an amount equal to the probability that it is activated within that
incremental distance., But this latter is equal to the probability
that the trigger reaches the point x without activation, times the
probability that if it is in this region activation does occur.
ThiszTIatter probability is simply ppg0..peyred¥, SO it follows
Epat dQ = ~QPpaYcapturedX where p,4 is e palladium concentra-

ion.

Since dQ/dx = (dQ/dE) (dE/dx), when expressed as a function of
E, dQ = ~{[Q(F)Ppa9capture(E)]/[E/dx]}dE where the explicit
dependence of both @ and the capture cross section on trigger
energy, E(x}, have been introduced by their respective arguments.
The derivative, dE/dx, will be evaluated subsequently; but assuming
it is known as a function of E, to determine Q we integrate, as
follows:
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E
E
9=exp[—pmf-a—‘§5§';—£~£-ldﬂ'] (14)

E, 7

When expressed as a function of x, ccapture(x)dx is a probabil-
ity and therefore has maximum wvalue 1 and minimum 0, as do all
probabilities. Expressed as a function of E, o, ture(E) when multi-
plied by dE/(dE/dx) must still be a probability with the same
bounds. As o(E) has a mathematical pole at E = 0, it follows that
o(E) is a Dirac delta function. Because it is a delta function its
integral, /{[o(E)ppg]/[dE/dx]}dE, equals the value of its integrand
at the pole where E = s,;, namely:

o exp-FiE——— (15)
dx

E'SM

As is apparent, Q is explicitly a function of pp,; implicitly,
it is also a function of E, as will be apparent from the subseguent
derivation of dE/dx. But first, in passing; it should be ncted that
Q(0pg = 0) = 1, and Q(0py = ¥} = 0, as, it should.

The desired probability, P,(E),~that the trigger particle has
been activated by the point at which its energy has attenuated to
E is given by P, = (1 - Q):

“Prd
E:
dx

As will be shown.subseguently dE/dx is about B8 mev/cm for the
normal palladium cencentration of 1.563x1022 atoms per ce, and
therefore the probability of activation, given by (15), is essen-
tially wunity. Thus, if the probability of capture is indeed
satisfactorily represented by the Bethe formula of equation (13),
the proton trigger will always be activated, provided the thickness
of the palladium target is sufficiently great (~0.6mm for E,=500-
kev) to assure that the ftrigger energy is attenuated toc the
separation energy of the activated proton.

Whereas, as we shall see, F attenuates gradually and continu-
ously from the initial trigger kinetic energy, E,, that energy must
change discontinuously to (E - sp3 ~ 0) at the time of neutron
capture, thereby supplying the energy needed to separate the
valence skin-neutron from its palladium nucleus. It is further
assumed that, after this separation from the palladium skin, the
neutron is then bound to the capturing trigger particle, thus
liberating s, (the proton-halc separation energy) which it 1is
assumed is fransformed into kinetic energy of the now haloed
trigger, rather than being emitted as a gamma ray of equivalent

P, =T=exp (16)

Eegpy

10
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energy. This is to say that, at the time of capture, E is assumed
te change discontinucusly from sp; to s,, the latter separation
energy being assumed to be less than the former.

As should be apparent, the initial trigger energy, E,., is also
assumed to be less than the stable deuteron binding energy (2.19
mev), but greater than the palladium skin separation energy, sp4,
in order that the Pd skin-neutron be captured as a halo rather than
as a stable deuteron's neutron.

To derive dE/dx, consider a single cubic cell of a pure, face-
centered palladium crystal saturated with deuterium. The crystal
lattice constant or cell-width, a, is almost exactly 4 x 107° cm.
There is one palladium atom at each corner, and there are assumed
to be f "free" electrons and (46 - f) "bound" electrons, these
latter uniformly distributed within a sphere of radius r centered
on each palladium nucleus. The probability, Pp,;, that a particle
incident on a cell penetrates one of the bound electrons' eight
segments within the cell (and hence of any and all-cells) is given
by (4/3)n(rj/a)?; while the probability, P,, that the particle
passes through the intervening free electrons/is“given by (1-Pp,) .

Imagine the path of the incident particle to be a series of
random, broken line-segments (rather like'a‘Brownian-motion random-
walk with bias, or the ricochets in a pin-ball machine) between
collisions with the palladium crystal atoms, with a total path
length x.%" The incident trigger particle will lose energy through
successive collisions with both the “bound and free electrons, the
differential loss, dE/dx, being given by:

dE _ JE dE
= P"“'dx;Pfdxf (17)
where the subscripts b and/f refer to bound and free respectively.
Jackson?® derives “Wthé various differential energy loss
formulae needed teo evaluate (17). Quantum mechanics 1is only
required in the derivation of the Bethe formula?? for the energy
loss at high (1 mew ‘and greater) incident particle energy, E:

OE| o 28RPraZ My [ amE(y (B)]® _ 2E
dxi mk Mz (wp) M,c?

], Ez1lmev (18)

where pp, is the concentration of palladium crystal atoms per cc;
Z & M, are the atomic number and mass of the incident particle; e
& m are the electron charge and mass; y(E) = [1+(E/Mzcz)] is a
relativistic correction term; and w, is an average palladium-atom
bound electron frequency {(taken to be 552 ev or 8.83 x 10710 ergs,

4* piscontinuous, decremental energy losses due to inelastic,
"activation® collisions (see above discussion) are to be
expected, but do not alter dE/dx prior to activation. Metals
such as titanium, possessing low hydrogen-ion diffusivities,

are excluded from consideration.

11
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per Jackson's example3°).

A classical, differential energy-loss formula is employed
(with correspondingly different electron concentrations) for both
bound and free electron collision leosses at incident particle
energies, E, less then 1 mev, and alsc (for computational conve-
nience) as an approximation for (the smaller) free-electron
collision losses at higher energies. (This latter use is permitted
not only because incident-particle energy attenuation is much
greater by bound electrons than free electrons, but the cumulative
probability of collision and fusion of an incident high-energy
trigger with an occluded thermal deuteron typically is less than 2%
at energies greater than the peak deuterocn barrier potential inside
the palladium matrix).

The classical formula is derived from an expression yielding
the energy transferred to a free electron during a Coulomb
collision, as a function of the sc-called impact..parameter (or
closest approach), b, given by3!l:

Z2edM,
AE(D) = —" - (19)
2 19
b2+(Mzz.e=]
2mE

where Z refers to the atomic number of the incident trigger.
The desired formula for the free-electron differential eneray
loss 1s obtained by integrating (18).from 0 to b as follows3?:

max’

Baay
gaE 20
o Zrtpé.!. AE(b) bdb (20)

£

where p, is the electron'goneentration (with e = b or £, for bound

AN

or free electrons, respectively); and b,,. is given by’”:
b (E) =YL(E) | 2E (21)

max
w M,

where w 1is a ‘“characteristic atomic frequency of motion, in
numerical calculations chosen so as to match the Bethe and free
electron formulae (with e = b) at E = 1 mev (which yields a value
of about 1.4 kev for ha).

Equation (20) is integrable in closed form, yielding:

2
dE| _ np e'M,z? o | 2b, (E)mE (22)
dx|, mE ZM,e?

where the subscript e is either f (for free) or b (for bound), as
before, and pg = fppy O p, = (46-L)ppy (with f being the number of
free electrons). This formula is used in the subsequent calcula-
tions for bound electrons when E £ 1 mev, and for free electrons

12
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tor all E.

To appreciate how rapidly the incident-particle energy
attenuates along the path length of the incident particle within
the deuterium-saturated palladium crystal, it is only necessary to
integrate egn. (17):

E,

x(E) =f

(23)
[dedx +p, 9 l]

Here x(E) is the total distance along the jagged path followed by
an incident particle of initial (or trigger) energy, E,, to the
point where the particle energy has attenuated to E+ The differen-
tial energy losses, dE/dx|, and dE/dx|,, are given by (18) and (20)
above for the variOUS energy ranges noted before.

We see from fig. 3 that an initial 500 XKev-proton trigger's
kinetic energy attenuates to 250 kev after abeout 0.6 mm. Further-
more, if we insert (23) in (17) and evaluate the latter for E = 250
kev, we find that dE/dx is about 8 mevs/per cm, as stated above in
the discussion of the activation probability, P., there shown to be
unity.

The differential fusion probablllty, dPE, of an incident
trigger with a thermal deuteron occluded within a palladium lattice
target is then given by:

ar

p4a£0(E) T(E)

de—
24

2,

where the fairly-direct collision cross section, o¢, is given by
(1); pp is the concCentration of deuterium within the palladium
lattice; and Q is/the probability that an incident trigger has not
experienced a fairly direct collision with an occluded deuteron by
the point at which its kinetic energy had attenuated to (E); and
T(E) is the transmissivity or probability that the incident trigger
penetrates (i.e. tunnels through or passes over) the deuteron's net
Coulomb barrier (the net mutual barrier, reflecting the reduction
effected by the activated trigger's halo neutrocn).

The WKB approximation for the transmission probability, T(E),
of a trigger of mass M, penetrating a thermal deuteron by quantum
mechanlcally tunneling through a barrier potential, V(r), is given
by>*

. 2T = 25
T(E) =exp| hrfﬁmc{vtzn Ey dr] (25)

where r, is the lower radius and r; the upper radius at which the

13
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mutual barrier potential, V(r), equals the relative energy, E, of
the trigger; and V_ is given by (11). Of course, T(E) = 1 for E
greater than the maximum barrier potential.

Figure 4 presents T(E) for a haloed-proton penetrating the
mutual potential barrier with a thermal deuteron absorbed in a
palladium lattice, this latter as represented by the bottom or
third curve of figure 2.

As Q is the probability that an incident trigger does NOT make
a fairly-direct collision in the path length x, between x and
(x+dx) Q 1is decreased by an amount egual to the probability that
such a ccllision does occur within that incremental distance. But
this amount is egual to the probability that the particle reaches
the point x without such a collision, times the probability that if
it is in this region such a collision does occur. This latter
probability is simply ppo.dx, so that3® do = -Qp,0.dx where p, is
the deuterium concentration. Since dQ/dx = (dQ/dEj (dE/dx), when

expressed as a function of E, dQ = -[Qp,0(E)]/[dE/dX]dE. Integra-
tion then yields:

E

Q(E) =exp —pﬂaff
£,

1 aE

p dE| /b dE {26)
ST N

where (17) above has been substituted for dE/dx, E, is the initial
trigger energy, and o, is again given by (1).

The cumulative probability,of fusion, P,, is given by inte-
grating (24), as follows:

V-nx Fhe

Ee
P.=p 0. {ht) f T(E) Q(E) dE + p,o(ht) f{T=1}dE+pD0f{t) f{T=1]dE
Voo Spg

dE dg
° {de?x o7

(27)

where {T=1} in.the second and third integral is the same integrand
as in the first, but with T(E)=1 and with the dE/dx denominator
evaluated to reflect the mass of the haloed-trigger and normal
(unhaloed) trigger in the second and third integral, respectively
(the two differing by the mass of the halo-neutron).

In (27) og(ht) and o;(t) are the fairly-direct collision cross
sections for fusions of a haloed and normal (unhaloed) trigger,
respectively, with a thermal deuteron occluded in a palladium
lattice. V,,., is the maximum value of the mutual potential of the
haloed~trigger and thermal deuteron (fig. 2, bottom curve); and Se
and spy; are the separation energies of the halo-neutron and skin-
neutron of the activated trigger and palladium, respectively.

Assuming these latter two separation energies are 250 and 500
kev, respectively, and arbitrarily for illustration taking the
initial trigger energy, E,, to be 5 mev, for a proton trigger

14
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Pf=0q08 or 8%.

Of course, a practical power generator would use the lowest
practicable trigger energy, but that must at least equal the
palladium skin-neutron separation energy in order that it may strip
that neutron and become activated, as discussed earlier.

The contribution to the total fusion probability made by the
unhaloed trigger before activation is small (about 0.002, in the
illustration), as also is the first integral in (27) which
corresponds to the tunneling of the potential barrier. The major
contribution to the cumulative probability of fusion comes from the
second term (integral) which reflects the total probability of
fusion of the activated trigger with a thermal deuteron at kinetic
energies below the separation energy of the latter but above the
maximum net mutual repulsion potential.

If we assume a deuteron trigger is, like the proton, also
certain of activation, then its cumulative fusion-probability is
greater. To calculate P, for a deuteron trigger the dE/dx expres-—
sion of (17) must be evaluated for the larger mass, and the mutual
potential must be revised to include the effect of the additional
neutron. Corresponding to the second and third potentials of fig.
2, egquations 10 and 11 must now be replaced by:

vir) s 2 _Jz_e-zxtsu_ Nhe p-2Kk(s%2.19) ¢ (28)
I 2mr* 2mre

where N=1 or 2 for the mutual potential as seen by a proton or
deuteron, respectively (reflecting.the additional neutron of the
latter).

These potentials are graphed in figure 5, together with the
pre-halo deuteron potential te facilitate comparison with fig. 2:
the lower two curves in' fig..5 represent the mutual potentials as
seen by a proton (middle; or second curve) and deuteron (bottom, or
third).

Calculation yields the cumulative fusion probability of an
activated with a fthermal deuteron to be P,=0.117, for the same
assumed parameters as incorporated above for the proton trigger.

III. Conclusion

The proton and deuteron triggers differ in the amount of
energy expected to be produced.

From table 1, it is seen that an activated proton trigger
(corresponding to a deuteron), in a resulting fusion with a thermal
deuteron absorbed in the palladium lattice, would produce 3 or 4
mev depending upon which nuclear branch resulted. Whereas an
activated deuteron (corresponding to a triton) fusing with a
thermal deuteron would produce almost 18 mev of energy.

To determine the expected energy production, it is necessary
to multiply the fusion energy produced by the corresponding
probability of fusion, P,. The total energy to be expected is then
obtained by adding the energy of the trigger, which is recovered in
the form of heat from the palladium target.

)
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For a proton trigger, this overall expected energy production
is about 780 kev; for a deuteron trigger the figure is 2.56 mev
(both for an assumed 500 kev trigger energy). Thus a practical
power generator with a proton trigger would need an overall thermal
efficiency greater than 65% to produce net power output vis a vis
power input. Most heat engines could not operate at this efficien-
cy .

But with a deuteron trigger (assuming an activation probabili-
ty of 100%), the needed overall thermal efficiency is only 20% to
break even. This 1is a more reasonable figure, and offers the
production of practical power for correspondingly greater thermal
efficiencies.

However all of these calculations are based on far-reaching,
if logically reasonable, assumptions. Only actual experiment will
determine whether or not those assumptions, and the resulting
conclusions, are valid. The simplest such experiment would be to
bombard a deuterium-saturated palladium target with proton and
deuteron beams of different kinetic energies, and,to measure the
resulting fusion probabilities. A potential new source of fusion
power is tantalizing, and strongly supports Such an experiment.
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Hydrogen Isotopes in Palladium. Would you please replace pages 16 et seq of the prior paper,
Neutron-Halo Catalyzed Triggered-Fusion, with this.present enclosure.

I invite your attention to the new figure 6.which superimposes a Fermi-Thomas approximation,
with a screening-radius of 10™"! cm, ovet' the net-potential curves of the prior figure 2. The good
fit validates my use of the Fermi-Thomas equation for that purpose in my earlier papers.

Sincerely,

George C. Spezler

Enclosure

ee: W.M. Polansky
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For a proton trigger, this overall expected energy production
is about 780 kev; for a deuteron trigger the figure is 2.56 mev
(both for an assumed 500 kev trigger energy). Thus a practical
power generator with a proton trigger would need an overall thermal
efficiency greater than 65% to produce net power output vis a vis
power input. Most heat engines could not operate at this efficien-
cy.

But with a deuteron trigger (assuming an activation probabili-
ty of 100%), the needed overall thermal efficiency is only 20% to
break even. This is a more reasonable figure, and offers the
production of practical power for correspondingly greater thermal
efficiencies.

However all of these calculations are based on far-reaching,
if logically reasonable, assumptions. Only actual experiment will
determine whether or not those assumptions, and the resulting
conclusions, are valid. The simplest such experiment would be to
bombard a deuterium-saturated palladium target with proton and
deuteron beams of different kinetic energies, and_ to measure the
resulting fusion probabilities. A potential new source of fusion
power is tantalizing, and strongly supports such an experiment.
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APPENDIX
DIFFUSION OF HYDROGEN ISOTOPES IN PALLADIUM

Hydrogen diffuses more rapidly in metals than any other
solute. The rate of diffusion depends strongly upon the host metal;
properties such as lattice type, electronic structure, and elastic
moduli play key roles.3?® Hydrogen diffusivity is particularly
marked in palladium, vanadium, niobium, and tantalum. It is also
observed in iron, nickel, and other metals. The diffusion coeffi-
cient depends upon hydrogen concentration. Hydrogen diffusivities
differ widely: that in palladium is 10° times greater than in
titanium.?’ At temperatures above 250°C the diffusion coefficient,
D, is higher for iron than it is for palladium; but the solubility
of hydrogen in both Fe and Ni is low. 38

The palladium-hydrogen system was first studied more than a
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century and a quarter ago, and has been the most intensively
studied ever since. Yet the physical mechanism for this rapid
diffusion is not really understood. Alefeld & V&élkl conclude that
"the theoretical interpretation of the diffusion of H in metals is
still quite unsatisfactory."3®

Palladium exhibits several hydrogen-isotope anomalies which
are particularly intriguing and, to date, inexplicable. The most
widely recognized of these anomalies is the disparity of deuteri-
um/protium diffusivities.?® According to classical rate theory,
the ratio of diffusivities, D,;/D,, should be inversely proportional
to the sgquare root of thelr mass ratio, i.e.:

Dy

—2 - (Day

D, my

-1
A (1R)

But, contrary to this formula, experlmentally41 deuteérium diffuses
faster than protium in palladlum at temperatures below about
500°C.%" Tritium requires more measurements, but _also appears to
be anomalous at lower temperatures.

Four different physical mechanisms. have  been employed to
explain the diffusion of hydro%en in metals, depending upon the
associated temperature ranges.® All limit their representations
to interactions of the absorbed hydregen with the metallic-host
lattice: involving electrons, phonons, defects, and either jumping
(alsco known as "hopping") over or/guantum-mechanically tunneling
through the electrostatic Coulomb barrier separating one intersti-
tial lattice site from anothers Classical diffusion involves an
activation energy for jumping' .©ver the barrier, and thus should
predominate at higher temperatures. At the highest temperatures the
absorbed hydrogen would occupy energy states above the energy
barriers and diffusion would resemble that within a dense gas or
liquid, sometimes called a'"lattice-gas."

Kehr has asked: "Are mechanisms other than thermally activated
jumps over the potential barriers the cause of the large (hydrogen)
mobility"? He obseérves that "not much is known about the detailed
interaction of hydrogen with the host metal atoms. "43 And he
concludes that a “theoretical "derivation of the jinteraction of a
proton with the ‘host metal atoms is urgently needed. This requires
the treatment of the §Qr§%ning of a proton in the transition metals
(underlining supplied)."”

Hydrogen isotopes in palladium exist not as atoms or molecules
but as positive ions, screened by clouds of electrons of dimension
comparable to that of the Thomas-Fermi screening length, Dg 4% Ar
low deuterium concentrations, Dj has been measured to be as low as
~0.26 &.%% The effect of such screenlng is to reduce the collision
cross section of the ion with the palladium crystal nuclei. But the
diffusion cross section is dominated by the size of the palladium

b The diffusion coefflclent of deuterium in palladium
at 100°K is about 10~7 cm™? sec.
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nucleus in comparison with that of the diffusing hydrogen isotope.

I suggest that the palladium nucleus is effectively screened
during collisions with hydrogen ions by its postulated neutron
skin®” which acts to counteract the palladium's Coulomb electro-
static repulsion by the locally-intense attractive nuclear force
exerted by its neutron skin.

Such enhanced nuclear screening of the palladium nucleus I
model by employing the Fermi-Thomas equation? with a correspond-
ingly enhanced screening radius, rg;, appropriate for the palladium
atom when scattering a particular hydrogen isoctope:

z 2
i? exp(-r/r,;) (23)

Vir) =

where Z, (=46) is the atomic number of palladium; r is the radial
distance from the center of the palladium nucleus; r.; is the
effective or enhanced screening radius for a parti€ular hydrogen
ion, i; and e the electronic charge.

Equation 2A is an approximation (for radii' greater than the
peak potential barrier) to the actual net-potential, which would be
similar in appearance to egqn. (11) of the - main text. The effective
neutron-skin enhanced screening radius, r_;, 'is on the order of 10~
11 om, which is to be compared with typical electron-screening
values of only 107% or 107 cm.

For illustration purposes, fig+. 6 compares the Fermi-Thomas
exponential approximation (with r_4=107%! cm) to the net potentials
of fig. 2 of the main text. The. figure demonstrates that the
enhanced-screening Fermi-Thomas-equation is a good approximation to
the neutron-halo catalyzed net=potential for radii greater than
that of the peak barrier potential, which is the region of interest
for hydrogen isotope diffusien in palladium.

It follows that theyr_ g for a deuteron would be smaller than
for a proton (a smaller screening-radius corresponding to a larger
force), but larger thamn that for a triton, as the effect of the
attractive nuclear force on the net-potential would be more intense
the greater the number of the diffusing ion's nucleons. As we shall
see subsequently; this realization explains the anomaly associated
with egn. (1A).

To this end, let us treat r,;, as a parameter and ask what
effect it theoretically should have on hydrogen ion mobility in
palladium.

With an absorbed hydrogen-ion concentration, p, and scattering
cross section, o0(rg;}), in palladium, the deuteron mean free path,
1, according to Bohm?’ is given by:

If we consider interstitial jump lengths toc reflect the mean free

& See discussion on page 16.

> Note: the Fermi-Thomas equaticon was employed in earlier
drafts of this paper in place, and as an approximation, of
eqn. (11) of the present paper.
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e e
s po(rﬂ) (432

path4 diffusivity is proportional to the square of the mean free
path , and thus increases rapidly as the cross section decreases.
The hydrogen ion/palladium collision cross section (per unit
solid angle) with a screened Coulomb potential according to
Bohm*° is given by:
2 2 a4
oglr,;) = 41_” {Z;Zp) %8 {5h)
{(4p?sin®@/2+%?/r ;%) 2

in which m is the mass of the hydrogen ion, Z;(=1) is the hydrogen
ion's atomic number, Z,(=46) is the atomic number of palladium, &
is the scatterlng angle, % 1is Planck's constant divided by 2w,
p=(2mE)¥/2 is the ion's momentum expressed in terms ‘©f its kinetic
energy, E, and r.; 1s the ion's (nuclear-enhanced) screening radius
in palladium.

Egqn. (5A) shows that the scattering eross section should
increase with the square of the atomig number of the diffusing
particle, which explains why hydrogen and, deuterium diffuse more
readily than other elements of necessarily higher Z. But we also
note from (5A) that as rg ;~0 the cross|section rapidly approaches
zero®"', with a correspondlngly inereased mean free path. Thus
strong nuclear-enhanced screening would indeed facilitate the
diffusion of hydrogen ions in palladdium.

Furthermore, as the screening radius of deuterium (because of
its additional nucleon) must .bée smaller than that of hydrogen,
deuterium's mobility must “be greater than hydrogen's, thus
explaining the seeming anomaly with (1a).

An indirect measurement of the hydrogen isotopes' screening
radii in palladium may be accomplished by determining that scat-
tering angle which cerresponds to the transition from classical to
guantum scattering. The quantum-theoretical formula for the
scattering Cross section_per unit solid angle of hydrogen isotopes
in palladlum is given by equatlon 5A above. As r.; in 5A approaches
infinity (i.e.,, when there is no screening) the cross section

8% The total collision cross section is obtained by

integrating (5A) from 0 to m, which may be shown to
be given by:

- o
L BB (E) + 1)

where o« = 16anzzpze4, B(E) = 8MyE, and u = {h/rs}z.

°* It would actually approach the nrbz cross section of the
palladium nucleus, but the argument is unchanged.
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becomes that of classical Rutherford scattering:
(Z,Zpe%)?

T =
g 25ip¢ 9
16F Sln-z

(6A)

where oy is now the classical scattering cross section per unit
solid angle.®® Thus to demonstrate the existence of the hypothe-
sized enhanced screening we need only study the angular deviation
of the experimental scattering cross sections from the Rutherford
law for hydrogen isotopes scattered by palladium.

The cross section given by egn. 5A for a shielded Coulomb
force as a function of the scattering angle, &, initially follows
the classical Rutherford law, rising steeply with decreasing &
until the two terms of the denominator in egn. 5A become approxi-
mately equal at some particular value, 6,. For yebt smaller angles
the increase in magnitude of the scattering cross section is com-~
paratively small. The inflection point, #&,, may -be regarded as a
transition angle below which Rutherford scattering ceases and
enhanced screening {depending upon Tgi) thereafter predominates.

The particular value of 8, depen& uponiboth the momentum, p,
of the scattered particles and the effective or enhanced shielding
radius, r.;, in accord with the following expression:

8,=2sin™ (W/2pry;) (73)
for which the two terms in the“denominator of eqgn. 5A are equal.
(For examgl 8, is about 8,5/ degrees for 300 kev deuterons, if

5i=4x10 cm) .

Equation 7A can be/inverted to estimate the magnitude of M
once 0, has been determined’ experimentally (say, by bombarding a
pure palladium foil with & beam of hydrogen ions:

)

r -]
* . W (83)
242m 51n?;

By setting m equal to the mass of the hydrogen ion, we then can
determine the corresponding screening radii. The magnitude of the
rg; will demonstrate the existence vel non of nuclear-enhanced
screening of hydrogen isotopes in palladium, and correspondingly
explain their differing diffusivities.
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GEORGE (URTIS SPONSLER
ATTORNEY AT LAW
7804 O1.D CHESTER ROAD

BETHESD \, MD 20817-G6280
(301) 320-3431
May 17, 1996

Dr. E. Bickford Hooper

Assistant Deputy Associate Director
Magnetic Fusion Energy Program
Lawrence Livermore National Laboratory
P.O. Box 808

Livermore, CA 94551-9900

Dear Dr. Hooper:

Thank you for your letter of April 29. I completely understand that the press/of your regular duties has
kept you busy and unable as yet to study my triggered-fusion papers. It is'really an imposition on your
time, and I appreciate and thank you for your help. I trust you will forgive my enclosing yet another
paper on the required thickness of the palladium target.

Perhaps there is some other way you could suggest for a review which would not jeopardize my plans
to apply for foreign patents. I would be very pleased for.a peer review by any qualified people, but I
particularly welcome a Livermore review.

Indeed it was in that regard, because of my high regard for Livermore, that I originally wrote your
Director, Dr. Tarter. As DOE’s Dr. Polanskysays, there is none better qualified than Livermore to
conduct such a review.

Whoever undertakes the review, there really are only two critical questions to be addressed: (1), Will
the incident trigger ion actually acquire a temporary halo-neutron from a palladium lattice atom?; and
if so, (2), Will its lifetime be sufficient to assure its subsequent fusion with a thermal deuteron
absorbed in the lattice?

As philosopher Karl Popper has observed: it is impossible to prove a theory, only disprove it. If we
cannot with certainty answer the foregoing two questions in the negative, then we should undertake
the critical experiment I have proposed.
Sincerely,

c
T /7/ K %/‘:ﬂ ,4//(. £ ok

7

George C. Sponsler

Enclosure

cc: W. M. Polansky
C. B. Tarter
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PALLADIUM TARGET THICKNESS'

In application of triggered-fusion to a practical power cell the basic design problem is that of the
thickness of the palladium target: it must be thin enough to permit cooling by heat conduction; but
thick enough to provide mechanical rigidity and needed depth to permit sufficient attenuation of the
energy of the incident bombarding ion beam. We have seen from fig. 3* that an initial 500 kev beam
attenuates tc 100 kev in 0.06 cm. This latter energy is below that needed to acquire a neutron halo
from the palladium target. I therefore somewhat arbitrarily adopt 0.06 cm as the minimum target
thickness for triggered-fusion; whatever incident particle energy remains afier penetration of
palladium of this thickness will be absorbed by the circulating D,0 (heavy-water) coolant.

Both the conduction of heat and the diffusion of deuterium in palladium are represented mathemati-
cally by the diffusion equation,

—,
Vg =const = ' (1)

where const is the coefficient of diffusion, C, or of conductivity, 1/x, respectively. I treat the
palladium target as a thin slab in which case (1) reduees'to &> /0x? =const 3Y/3¢, in which x is the
direction normal to the slab face.

I assume the concentration of deuterons at the face of the (deuteron-saturated) palladium target
adjacent to the D;O coolant is the same as the palladium density, 1.6x10% per cc. According to table
13, an average of 1.7x10" fusions per séc are required to generate one watt for the D + D reaction
resulting from a proton trigger, and 3:5x10" per sec for the T + D reaction resulting from a deuteron
trigger. One ampere of ion beam current requires a flow of 6.2x10" singly-charged triggers per sec.
And finally, the melting point of palladium is 1549°C with a specific gravity of 12.16 as a solid.

If 7 fusion reactions per second are required for one watt output, then an ion gun producing F watts
of fusion power reqires »# fusions per second. In the steady state, I model the rate of depletion of
deuterons absorbed in the palladium target as the effective withdrawal of same from the side of the
palladium target facing the ion-gun beam, resulting in a diffusive flow of absorbed deuterons from
the side of the target facing the D,O coclant toward that facing the impingent beam gun preducing
Fwatts of fusion power, with a single-ion probability of fusion, P, produces a total of nP=rF ions

! Appendix to “Neutron-Halo Catalyzed Triggered-Fusion,” by George C. Sponsler.
? All figures refer to the preceding main text.

* All tables refer to the main text.
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fusing each second (out of a total beam-intensity of n ions per second), corresponding to
rFV,/6.2x10'*P, watts of total beam power (where ¥} is the beam accelerating voltage). Therefore,
the total power, W, (both kinetic/thermal and fusion) produced by an ion beam producing F watts of
fusion power is given by W=F[1+rV¥,/6.2x10'®P}, which, upon solving for F, yields:

/4
1 +.._r_Vb__._ (2)
6.2x10'8Pf

F=-

Thus from (2), of an ion-gun beam producing a total of W watts, F’ watts result from fusions.

If p is the concentration of deuterons absorbed in the palladium target, as with-any diffusion equation
the flux, J, of deuterons per cm? per second passing perpendicularly to thetarget face is given by:

1 dp
J=-=2F
> fe 3

In the steady-state, as dp/0t =Othen V2p =0and hence. dp/dx =const =(p,~p )/ , where p, and p,
are the deuteron concentrations at the two faces of a target of thickness /.

Letting p,-p, =4, as J=rF it follows that:

rv,
@A) — @)
rCl| 6.2x101p,

For illustration, if we take./=0.06 cm, V,=500 kv, and W=1 kW , then A is 3.78x10" deuterons per
cny’ for proton triggers or about 2.34x10”7 % of the maximum concentration. For deuteron triggers.
the corresponding numbers are 1.74x10" and 1.08x107 %, respectively. The implicit assumption of
the main text that the deuteron concentration is essentially constant throughout the palladium target
is thus validated.

Turning to heat conduction, the primary restriction on cell power-production is the melting point of
palladium: 1554°C. I calculate the maximum heat (both fusion-generated and kinetic/thermal) which
can be produced that results in that temperature at the face of the target exposed to the ion beam. I
assume the D,0O coolant temperature is 100°C which in the steady state produces a temperature
gradient (opposite in direction to the deuterium-concentration gradient) of 1454/1 °C per cm with a
palladium-target slab thickness of / cm. In what follows, the specific heat, c, of palladium is taken to
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be 0.0584 cal/gm:; its thermal conductivity, X , is 0.18 cal em per cm® per sec per °C; and its density,
Pes 12.01 gm/em?’,

Although I have calculated the absorbed deuteron concentration gradient for a slab target, in a
practical triggered-fusion power cell I conceive of the palladium target as actually being a spherical
cap (concave toward the ion gun) of radius » and chord width 2w, which protrudes slightly within the
wall of the D,O coolant pipe into which the power cell is affixed (i.e. screwed). The corresponding
temperature gradient is, nevertheless, approximately that of a flat slab, and the thermal conductivity
equation completely analogous to (1), with  replacing x and 7" being the temperature:

—=Kk—, where x= = 5)

In the steady state, once again d7/0t=0 and o7/0r =const = AT/l, where-AT is the temperature
difference between the two faces of the palladium target of thickness 1.

Completely analogous to the flux of absorbed deuterons{(but again with reversed direction), the
maximum heat flux permitted by the melting point of palladium is given by:

o =—K£=—w:)5 watisiem?, ®

— !

since 1 cal/sec equals 4.184 watts. Far a.cell to operate at 10 kW per cm?, the target must therefore
be no thicker than 0,11 cm; for it to opérate at 1 kW/cm® the thickness could be increased to 1.1 cm.

The tensile stress in a thin'spherical shell filled with a fluid at pressure p is approximated by':
% Py (M

If we assume the compressive stress in such a shell, created by the same but now exterior pressure,
is approximated by this same formula, we can estimate that stress in the spherical-cap shaped
palladium target exerted by the pressurized D, O coolant on the target’s exposed (concave) face.

The tensile strength of palladium runs from 21,000 to 60,000 psi, depending upon its treatment. A
0.11 cm thick target, by equation (7}, would experience a compressive stress of 23,091 psi within
a spherical-cap target with a 2 inch radius of curvature . As compressive strength is greater than
tensile strength, a 0.11 cm thick palladium target therefore should be able to operate in a reactor with
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D, O coolant pressure of 1000 psi or less operating at 100°C.

As we have seen above, a 0.11 cm thick. spherical-cap palladium target has a maximum permissible
heat flux of 10 kW/cm®. Such a spherical-cap palladium target with a half-chord, w, of one inch and
a radius of curvature of two inches could produce a maximum of 243 kW (since its area is equal to
2 nrw). If a practical triggered-fusion reactor were to operate for safety at, say, 100 kW per cell, a
100 gW power reactor would require 1000 such cells for maximum load.

Reference
1. S. Timoshenko and G. H. MacCollough, Elements of Strength of Materials, Van Nostrand,

New York, p. 51, 1940.
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Lawrence Livermore National Laboratory

April 29, 1996

Dr. George Sponsler
Attorney at Law

7804 Old Chester Road
Bethesda, Maryland 20817

Dear Dr. Sponsler:

Thank you for your letters and the report. I have been extremely busy and
have not yet had time to look at it carefully. , When'I get a chance I will study
the work and respond to you.

As I have noted before, I still feel it is.important to get a detailed peer review.
Almost any funding source is likely to insist on this. I understand your
concerns about patents, but urge-you.to seek a means of protection that will
allow publication.

Respectfully yours,

o

E. BickforddHooper
Assistant Deputy Associate Director
Magnetic Fusion Energy Program

cc:  W. M. Polansky
C. B. Tarter

An Equal Opportunity Employer ® University of Califomia * P.O. Box 808 Livermore, CA 94551-9900 * Telephone (510) 422-1100 * Twx 910-386-8339 UCLLL LVMR
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GEORGE CURTIS SPONSLER
ATTORNEY AT LAW

7804 OLD CHESTER ROAD
BETHESDA, MD 20817-6280

' (301) 320-3431

May 10, 1996

Walter M. Polansky, Director

Division of Advanced Energy Projects, ER-16
Department of Energy

Washington, D.C. 20585

Dear Walt:

Several times this week I have tried to phone you, but your secretary tells me you have been quite
busy and have not yet been able to return my calls. I need to speak with you about my recent
correspondence with Livermore Laboratory, copies of which have been provided you.

As Bickford Hooper wrote on April 29, he too has been'quite busy and has been unable to review my
Triggered-Fusion papers I forwarded him and you under‘cover of my letters of March 14 and April
17. He would, however, still like an external peer review to support his owned planned review.

I want to speak with you about the possibility of your providing such a review, possibly as a pre-
proposal response to the experimental verification I am trying to persuade Livermore to undertake.

The problem is that, as philosopher KarlPopper has observed, it is impossible to prove a theory, only
disprove it. In my case, this fact is augmented by the concern that triggered-fusion is cold-fusion in
disguise. It isn’t, as I show. in the enclosure to my letter of March 14; but decision-makers need
reassurance before they recommend the proposed experiment.

Please phone me.
Sincerely,

et /52// o
George Sponsler
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BNEY SN 7804 OLD CHESTER ROAD, BETHESDA, MARYLAND 20817

TELEPHONE 301/320-3431

September 29, 1995

Dr. E. Bickford Hooper

Assistant Deputy Associate Director
Magnetic Fusion Energy Program
Lawrence Livermore National Laboratory
P.O. Box 808 L-637

Livermore, CA 94551-9900

Dear Dr. Hooper:

Thank you for your thoughtful and detailed.response of September
20, 1995 to my letter to you of August 29,,1995. I agree with most
of your observations, but see I failed to describe adequately both
my patent concerns and, more importantly, my palladium nuclear
catalyst hypothesis.

First patents: as you say, publication of my theory in the open
literature would not affect my pending U.S. patent application
(unless it were rejected and ‘had to be revised and resubmitted),
but it would preclude’ issuance of foreign patents not as yet
applied for. My plan is to _make such applications immediately upon
the hoped-for successful conclusion of the needed experiment before
publication thereof.

As for my palladium nuclear catalyst theory the key question is the
existence and lifetime of the "activated" triton. I hypothesize the
trigger deuteron captures an outlying neutron from a palladium
lattice atom which is presumed to possess an extended neutron
"skin." I further presume the neutron is captured as a short-lived
(NOT long-lived) halo. Half-lives of some halo neutrons have been
measured to be on the order of milliseconds: more than enough time
for a subsequent fusion with an absorbed deuteron, even after
further intervening collisions with other palladium atoms and with
energy dissipated ny lattice electrons. The effect of the trigger's
halo neutron is to increase both the collision cross section and
the probability of fusion with another, absorbed deuteron.

I believe a palladium neutron skin is likely to exist as it would
explain the extraordinary diffusive mobility of hydrogen isotopes
in palladium. Neither titanium nor zirconium display such enhanced
diffusivity; presumably they therefore would not possess such skins
and so would not display the enhanced fusion of absorbed deuterium
postulated for palladium. And insofar as the existence of hydrogen



isotope halos is concerned, the deuteron itself is considered
normally to be in a pre-halo state.

You are quite right, however; I have not adequately treated
theoretically the entire nuclear catalyst process. I only conceived
it this summer in response to John Perkin's suggestion of the need
for a physical mechanism to explain triggered fusion. The principal
problem is I do not know how to calculate the capture probabilities
of both the skin and halo neutrons, including the conservation of
energy and momentum. Could you refer me to an appropriate text or
other source for such guidance?

Finally, would such an extended calculation be adequate to persuade
Livermore to undertake the needed experiment? I plan to initiate
the theoretical extensions this Fall, and later publish as you
suggest, if I can handle the patent problem. But I would like the
assurance that Livermore might undertake the experiment, when and
if I can meet your quite legitimate concerns.

»

Sincerely,

George C.Véggnsler

cc: W. M. Polansky
C. B. Tarter
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l . Lawrence Livermore National Laboratory
h | September 20, 1995

Dr. George C. Sponsler

Attorney at Law

7804 Old Chester Road

Bethesda, Maryland 20817
Dear Dr. Sponsler:

Thank you for your letter dated August 29, 1995 in which you ask: "Will LLNL
undertake the needed experiment?” Following receipt of this letter, I have
further reviewed your manuscript Triggered-Fusion, sent to Dr. Tarter in your
earlier letter.

I am concerned about the highly speculative nature of the mechanisms you
propose. As Iunderstand your discussion, two nuclear reactions in series are
required in the putative fusion process:

1H2 + 4Pd™ — 1H3 +46Pdm-1
1H3 + 1H2 — 2H4 +¢nl

In the first step, the stable palladium‘isotopes have 102 <m < 110. Similar
processes are assumed to occur if the.initial deuteron is replaced by a proton or
He3 nucleus. Because the probability of the series process is the product of the
two probabilities, both must be relatively large to compete with a single-step
fusion mechanism.

You suggest that the neutron captured in the first reaction is loosely bound to the
palladium (~ 250 keV) in a "halo" or "skin" and that, therefore, the effective
radius of the palladium nucleus may be greater than 10-12 cm. Your model for
the cross section for capture estimates it to be 14 times the usual DD fusion cross
section (< 0.1'barn), so that this process is more probable than fusion.

e The probability of fusion in the absence of capture is quite small, so your
conclusion (page 20) that the fusion process is dominated by this process
implies the probability of the second step is > 1/14 if your concept is indeed
correct. (Competing processes, such as further collisions with the palladium
are not estimated, nor is this implicit claim compared quantitatively with
losses to the lattice electrons.)

*  You have not demonstrated conservation of both energy and momentum in
the capture process; it would seem unlikely that they are both balanced in a
long-range collision process such as you postulate. In the heavy nucleus
fusion processes you reference (your references 30-31) the result is a fusion

of the incoming nucleus with the target (e.g. Li*+U® 5 Um"_‘), and the
energy balance includes vibrational modes of the final nucleus. Idon’t see
how this could be important for your process at energies so far below the @

Recycled
An Equal Opportunity Employer ® University of Califomia ® P.O. Box 808 Livermore, CA 94551-9900 ¢ Telephone (510) 422-1100 * Twx 910-386-8339 UCLLL LVMR



coulomb barrier.
¢ The halo nudlei are all unstable, so faras | know how does the excitation
occur in your model?
In any event, it appears that the probabilities you list, e.g. in Table 4, are those
required for the fusion to produce power rather than ones calculated using a model
based either on fundamental principles (without undetermined parameters) or
on experimental data.

You also hypothesize that the triton formed by the neutron capture is "activated,"

and in a long-lived, excited state with the captured neutron in a halo.

* Iam unaware of any long-life excited states of the triton [c.f. C. M. Lederer
and V. S. Shirley, (eds) Table of Isotopes, 7th Ed., (John Wiley and Sons, N.Y.,
1978)], and find it hard to believe that they would not be known.

¢ The review paper on halo nuclei (your ref. 26) lists the hydrogen isotopes
among those not predicted to have halos; what is your basis for the claim?

The hypothesized triton, in turn, is expected to reduce the effective coulomb
barrier thereby significantly enhancing the fusion cross section.

There is no data presented to support any of the postulated processes.

You recognize that the cold fusion results are."questionable;" I personally
doubt many of the claims of cold-fusion enthusiasts.

e The conclusions resulting from the cluster bombardment at Brookhaven
were withdrawn rather more thoroughly than implied in their erratum
[Phys. Rev. Letters 68, 2108 (1992)]. Ina later publication [Y. K. Bae, et al.,
Phys. Rev. A 48, 4461 (1993)] they indicate that there is no enhancement
using D0 clusters, and about a factor of two using H;O clusters striking a
deuterated target. Fusion with this process is attributed to knock-on
processes.

* Bombardment of tritiated and deuterated titanium by deuterium beams [L. ].
Perkins, et al., Nucl. Sci. and Engr. 78, 30 (1981)] and of tritiated zirconium
by deuterium beams in the Rotating Target Neutron Source here at LLNL
showed no enhancement of the fusion reaction over that predicted by
conventional slowing down in a deuterated or tritiated melat lattice.

I thus know of no experimental results to lead me to believe that nuclear

processes ina palladium or other metal matrix are not explained by more

conventional processes. In such cases, the fusion energy gain, i.e. the ratio of

fusion power produced to incident beam power, is typically ~1 0™, i.e. much less
than unity.

On a more practical matter, Dr. Walter M. Polansky of the Department of Energy
has informed me that any proposal will have to go through a full evaluation
process, including peer review; [ believe that you received a copy of his letter to
me. My concerns about your postulated processes are probably shared by
others; I would thus anticipate that even if I agreed with your hypotheses a
proposal would need considerable work, with corresponding expense, before it
would have a reasonable chance of acceptance.



Because of these many issues and concerns, I am unwilling to support a proposal
from LLNL to carry out the experiment you propose and unwilling to
recommend that LLNL undertake the experiment. I continue to believe that the
proper process for you to follow is to use the publication procedure with
accompanying peer review. I am not a lawyer or expert on the patent process,
but my understanding is that you are protected once a patent has been applied
for. You should consult an expert, but if I am correct you could pursue the
publication process once you have made the application for the process patent.

I regret that my response to your request is negative, but I have applied my best
scientific judgment to my evaluation. I hope that my comments will be useful to
you and that your future work is fruitful.

Respectfully yours,

Tl

Assistant Deputy Associate Director
Magnetic Fusion Energy Program
EBH/gd

cc: C. B. Tarter
W. M. Polansky
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TATTORNEY AT LAW

7804 OLD CHESTER ROAD, BETHESDA, MARYLAND 20817
TELEPHONE 301/320-3431

July 3, 1995

Dr. L. John Perkins

Lawrence Livermore National Laboratory
P.O. Box 808 L-1

Livermore, CA 94551

Dear John,

Would you please arrange an early September meeting for me with yourself, Alex Glass, Carla
Lewis and whoever in authority is authorized to.approve preparation of a LLNL proposal for an
experimental test of my triggered-fusion theory.

Such an experiment need not endorse my theory, but only agrees that it merits such a test. To
date, no one has disproved it. If it/is right; we have a new source of energy and an explanation
of hydrogen diffusion in palladiums If wrong, you would have demonstrated nuclear-enhanced
screening does not exist.

LLNL stands to benefit €ither way. Furthermore I believe Walt Polansky of DOE would
welcome such a proposal:“the proposed funding level is reasonable, and the results scientifically
valuable, whatever.they may prove to be. Let's do it!
Sincerely,

/ //
e = Q\’?///
George C. Sponsler

¢c; A.J. Glass
‘ C. Lewis
W. M. Polansky
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Dr. E. Bickford Hooper

Assistant Deputy Associate Director
Magnetic Fusion Energy Program
Lawrence Livermore National Laboratory
P.O. Box 808, L-637

Livermore, CA 94551-9800

Dear Dr. Hooper:

| am taking this opportunity to respond to a letter dated August 29, 1995, that you
received from Mr. George C. Sponsler. The last paragraph in that letter suggests that
the Advanced Energy Projects Division would fund Mr. Sponsler's experiment if a
proposal were submitted by a reputable laboratory and that proposal passed peer
review. Satisfying these criteria alone does not necessarily lead to funding.

The Advanced Energy Projects Divisian (AEP) provides support to explore the
feasibility of novel, energy-related.€oncepts that evolved from advances in basic
research and are at an early stage of scientific definition. The Division also supports
high-risk, exploratory conceptsithat do not readily fit into a DOE program area but
could have applications that may span scientific disciplines or technical areas.

Projects arise from unsolicited ideas and concepts submitted by researchers. The
average funding level for an AEP project is $300,000 and the funding period is
typically three years or less.

Awards are based on the results of an evajuation process which includes peer review.
The enclosed booklet, "Application Guide for the Office of Energy Research, Financial
Assistance Program, 10 CRF Part 605," describes review and evaluation procedures
for unsolicited proposals, which are usually submitted by universities, research
organizations and individuals. As a matter of policy, AEP uses the same evaluation
process for submissions from the National Laboratories.
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If you would like to discuss this matter further, do not hesitate to contact me. My

telephone number is 301-903-5995.

Enclosure

ce:
G.C. Sponsler (w/enc.)
C.B. Tarter, LLNL

Sincerely,

Walter M. Polansky, Director

Advanced Energy Projects Division

Office of Computational and Technology
Research
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7804 OLD CHESTER ROAD, BETHESDA., MARYLAND 20817
TELEPHONE 301/320-3431

August 29, 1995

Dr. E. Bickford Hooper

Assistant Deputy Associate Director
Magnetic Fusion Energy Program
Lawrence Livermore National Laboratory
P.0. Box 808 L=637

Livermore, CA 94551-9900

Dear Dr. Hooper:

Thank you for your courteous response of August 23, 1995 to my
earlier letter to Dr. Tarter.

Please be assured I am totally familliar with the scientific peer
review process. I hold a Ph.D. Win ) Engineering Physics from
Princeton University; I am a. Fellow of the American Physics
Society; I was Chief Scientistyof the U.S. Navy Bureau of Ships;

- Director of 1IBM's Center for Exploratory Studies; Executive
Secretary of the National ¢Academy of Sciences' National Research
Council Division of Engineering; President of my own R&D consulting
firm; and most recently,vasa Congressional Fellow, science adviser
to Senator Paul Simon.

My problem is a Cateh-22: were I to publish my theory in the open
literature that disclosure would prevent issuance of the process
patent for which TI~have applied. Furthermore, ultimately only the
proposed experiment will prove Triggered-Fusion operability.

Will LLNL undertake the needed experiment? You needn't endorse m
theory, only agree that it is plausible and deserves testing. I
believe Dr. Walter Polansky, Director of DOE's Advanced Energy
Projects Division, stands ready to fund the experiment provided i Vi
is proposed by a reputable laboratory and that proposal passes 9&L

DOE's peer review.
Sincerely, ‘
4
a,/<§%’/1%f;;2éﬂ7y7ﬂy¢ii«\w/

George C.“Sponsler

cc: W. M. Polansky
C. B. Tarter
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7804 QI D GHESTER ROAD, BETHESDA, MARYLAND 200317
TELEPHONE 301/320 3431

April 11, 1995

Dr. Alexander J. Glass

VIA FAX: (510) 653-4803

Lawrence Livermore National Laboratory
P.O. Box 808 L-1

Livermore, CA 94551

Dear Alex:

Thank you for your help in contacting John Perkins. I was pleased
to learn that John is still with wus, and I hope he will soon
complete his promised review of my triggered-fusion physical
mechanism. I have enclosed my latest revision of the latter with
this letter, copy of which-I ‘am sending Jchn.

Meanwhile, I would like to'encourage you to arrange the meeting
about which I wrote you March 27. Livermere has much to gain,
whether or not the needed experiment validates my theory, and I
hope we can make mutually satisfactory arrangements to undertake
the proposed investigation.

Sincerely,

Geo¥de C. Sponeler

ct: L. J. Parkins

L#c'. U. ?clmﬁ @gf) <

g i o s
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III. Physical Mechanism

The prior theory of triggered-fusion has been based on the
explicit assumption that the potential of the incident trigger
particle, exhibited during its collisions with thermal deuterons
absorbed in a saturated palladium target, may be represented by the
Fermi-Thomas equation (15) with unusually intense effective
screening (r, = 107!? cm). Hereafter, and in the Appendix, I argue
that the actual potentials of both the trigger and the palladium
reflect the net effect of the nuclear Coulomb electrostatic
repulsion reduced by the strong attractive nuclear-force which, it
is hypothesized, may extend beyond the classical nuclear radius as
a result of neutron skins, pre-halos, and halos.

The term "screening" as used heretofore is prima facie a
misnomer: the effective reduction of the electrostatic Coulomb
barrier is not accomplished by atomic orbital electrons as with
conventional screening but rather, as hypothesized, by the
attractive nuclear force associated with a-neutron skin or halo.
Hereafter I suggest a possible physical ‘mechanism for triggered-
fusion envizioned as a two-step process; both dependent upon
neutron skins or halos: an initial trigger activation, followed by
a subsequent fusion of the activated trigger with a thermal
deuteron absorbed in the palladium target.

I theorize that the activation is a result of the trigger
particle capturing, if only briefly, via a nuclear reaction a
leosely-bound neutron from the.neutron-skin postulated teo surround
palladium nuclei. The trigger particle may either retain or lose
that neutron, but in eithar event the trigger itself is left in an
excited state with its own valence neutron loosely bound.

Use of the term .!“screening" therefor is not a complete
misnomer for both neutron nuclear halos and skins, especially for
the latter. Both lie outside the nuclear protons and do indeed
effectively act to counteract the latter's repulsive electric field
to the extent of ‘thelr own attractive nuclear fields.

A halo is a . general phencmenon common tc loosely bound
particles in short-range potential wells. Such particles can tunnel
guantum-mechanically into the space surrounding the nuclear
potential well. Halos may thus %ncrease the nuclear radius by
factore of ten to twenty or more." In the relevant energy ranges,
halos invelve a nuclear core with usually one or at most two
valence neutrons and display the strength of a single-particle with
a low separation energy. Typical neutron halo separation energies
are of the order of 0.25 to 0.5 mev."

There is ample evidence which substantiates the hypothesis
that the nuclear potential may extend beyond the classical radius
of the deuteron and of other atoms. For example, a protruding or
shoulder potential of this form was shown by Bohm and Richman in
1946 to fit the experimentglly obgserved scattering cross section of
neutrons by free protons.“ Bethe presents that peotential as fig.
8, reproduced herewith?.

1* Experimentally, though less common than neutron halcs,
proton halos have also been observed.



APR 13 ‘3§ 19:35 aAM G C SPONSLER 38132083431 Page 3

S PROPRIETARY DATA —
For Evaluation Purposes Only

It is alsc now well established that neutrons as halos may
orbit the core of a nucleus, penetrating beyond the wall of the
nuclear potential well.? As neutrons are carriers, as it were, of
the nuclear force, such halos are completely analogous to penetra-
tion by the nuclear force beyond the classical nuclear radius.

Usually, halos (and hence their associated fields) are short
lived. But there are similar, stable nuclei which exhibit long
lifetimes: so-called "pre-halos," exemplified by the deuteron
itself; and "neutron-skin" nuclei, such as silver®‘, wherein the
bulk of the neutron density extends further from the nuclear center
than does the proton density. Halo neutrons may be both captured or
lost by decay, and excited-state halos are also possible.®

Empirically, the nuclear radius, r,, of a nucleus composed of
A nucleons is given by:

7,=1.5x10"1343 ‘e (1)

This equation assumes the nucleons -are uniformly distributed over
a sphere of radius r_,, and therefore does not apply te haloced
nuclei. For example, the normal (pre-halo) deuteron nuclear radius
is actually about twice that given by egn. (21).%"

As discussed hereafter in section IV, in order for useful
amounts of electric power to be generated from D/D or p/D fusions
the trigger particle's peak effective or net Coulomb barrier
potential should be no mere than about one-third (1/3) to perhaps
as little as one-tenth (1/10) the experimental value of 260 kev for
the free deuteron. I suggest this potential reduction accompanies
an enlargement of the effective nuclear radiue of the trigger which
in turn reflects the orbital location of the trigger's excited
valence neutron. The combination of reduced barrier potential and
enlarged nuclear radius results in increased fusion probability.

Takigawa and Sagawa in 1991 were the first to suggest that the
neutron halo might facilitate fusion reactions.® They showed that
"the fusion cross section of a hale nucleus is drastically enhanced
at low energies because of the lowering of the fusion barrier and
the coupling of the translational motion to soft (dipole vibration)
modes of excitation associated with the (valence) neutron halo." as
elucidated in a subseguent paper’, they calculate a huge enhance-
ment of up to four orders of magnitude of the fusion cross section
at neutron separation energies of 0.2 mev.

Heisenberyg's Uncertainty Principle may be used to estimate the
nuclear potential function in the vicinity of a halo or valence

2" The maximum Coulomb barrier potential of the deuteron
experimentally is abo}t 260 kev, corresponding to a nucle a r
radius of about 4x10-%? cm.



AFR 13 "3995 18:36 AH G C SPONSLER 3813203431

Page

N PROPRIETARY DATA A
For Evaluation Purposes Only

neutron. Following Bohm!®, it takes a momentum pe%/dx, and hence
an energy E=p?/2m = %°/2m(4x)? to keep a nucleon of mass m localized
within a region 4dx. This momentum creates a pressure, which tends
to reeist localization of the nucleon. The pressure is opposed by
the nuclear force of attraction which holds the nucleus teogether.
The valence neutron orbital radius is determined by the equilibrium
point where the nuclear force balances the effactive pressure. That
balance point is determined by the condition that the total energy,
W {(kinetic plus potential), must be a minimum.

If we let W » X /2m(Ax)? + E,, where E, is the nuclear
potential seen by a halo neutron, and set the pargial erivative of
W with respect to 4x egual to 0, we see E, = -»?/2m(4x)%. For a haloc
neutron, 4x is equivalent to its orbitaf radius, r. Therefore the
nuclear potential seen by a valence neutron may be approximated by
the formula:

“3
2mr?

V,(£) =- (2)

This formula does not recognize that the wvalence neutron
energy levels must be guantized (being given by the eigenvalues of
the appropriate Schrbdinger wave equation) but rather are assumed
to be continuous. The approximation ig correspondingly inexact and
should be treated as giving only bounding or 1limit values.

The conclusion that the nuclear attractive force field in the
region of the neutron halo may be approximated by a 1I/r° potential
is partially corroborated by the work of Takigawa et all!l who
represent the density of ‘the- halo or valence neutrons by the
formula:

pis)= pp(u)ig—;— (3)
s

where s is the distance between the center of the valence neutrons
and that of the core of the projectile, and the diffuseness
parameter, x,—is related to the separation energy, ¢, of the
valence heutrons. For a haloed deuteron, x is given by:

=, | M {4)
e

Because of the short range of the strong nuclear force, it is
reasonable to assume that the potential created by a neutron halo
should closely resemble the shape of the neutron density, given by
eqn. (3). As a better approximation of that potential, I therefore
replace (2) by the feollowing formula:

Rle =2KI

V'(r} - -
= 2mr?

(5}

As will be seen, (5) reduces to (2) when o = 0,

3
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The net potential near the nuclear well of a deuteron, with a
single valence neutron of mass m, seen by a proton is then given by
the sum of the Coulemb, V., and attract.ive nuclear, V,, potentials:

2 F |
V(r) =2 - I g-2kr ()
r 2mr?

Figure 9 presents this net potential for the nuclear potential
derived from the Heisenberg uncertainty principle (i.e. for the
potential of egn. 2, or from egn. 5 with 0 = 0). As will be seen,
the corresponding V,,,= 51 Xev at r,= 1.4x107'? cm. Figure 10 gives
the potential for an inactivated deuteron (i.e., Vopax™267 kev,

r=4x10"13 cm) with o=1.2 mev.

Although egqn. (6) is heuristic, assuming it does represent the
potential of a haloed nucleus it is apparent that the effect of the
halo is to expand the nuclear radius to perhaps 10712 em {depending
upon the valence neutron separation energy, ¢) corresponding to a
maximum barrier potential on the order of 50 kev. Productioen of
practical electrical power by a triggered-fusion generator should
therefore be feasible, provided the production of sufficient
quantities of activated triggers is also feasible,

However, before considering this question it should be noted
that the Fermi-Thomas equation has been used in the preceding
theory of triggered-fusjon simply as a mathematically convenient
approximat:.on for the combined Coulomb and nuclear potentials.
The appropriate value of the screening radius, ry, to be used when
employing the Fermi-Thomas equation to approximate the actual
potential may be determined by equating the Fermi-Thomas equation
to the combined. potential maximum, V,, at r = r,, giving:

r = il
L 1‘.,:’,,] (7)
@

For example, the potential of fig. 8, with the shoulder
terminated at 6x10~19 cm. produclng a ten percent reduction of the
maximum Coulomb barrier, results in an r, = 4x107¢ em.

We thus see it is reasonable to use the Fermi-Thomas equation
with a necessarily small screening radius tec approximate the net
combined Coulomb and nuclear potentials in the vicinity of its
maximum. Using that formula we previously have demenstrated that an
activated trigger offers a sufficiently large probability of fusion

3 For ¢ = 200 kev, Vpax = 154 kev, and r, = 6.6x107%7 cnm,

4
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with a deuteron absorbed in palladium to yield practical amounts of
useful power. Let us then consider trigger activatien.

I hypothesize that the activation mechanism is analogous to
the inelastic scattering of incident neutrons by a target nucleus
of charge Z and atomic number A, but with the roles reversed. That
is: the projectile is the trigger particle (p, D, or JHe) while the
target is the palladium neutron skin or, more precisely, one of the
neutrons ceonstituting the skin which is postulated to surround the
palladium nucleus. Since that skin is external to the protons of
the palladium nucleus, it seems likely, particularly at the
comparatively low to intermediate kinetic energies with which we
are here involved, that the positively charged trigger would
interact with a wvalence neutron beyond the palladium's maximum
Coulomb barrier, rather than fuse with the entire nucleus.

The conventional inelastic scattering reaction

Zh+vp = 28 - Zhan

is thus replaced, for a deuterium trigger, by
n,4D = T, = nedy

where the subscript a refsrs to an_activated or excited nucleus,
and T is a deuteron with an additional neutron (i.e. an excited
triton).

All nuclear reacticons produce internal excitation energy which
may be reduced by evaporating neutrons. But even after a neutron is
evaporated, the residual nucleus may still be left, at least
temporarily, in an excited state.l? This latter excited state, or
the excited compound-nucleus leading to it, is what I term
activation of an incident trigger.

With a deuteron, ‘activation would correspond, possibly, to an
excited triton or, probably, to an excited deuteron with a more
energetic valence neutron. Since the deuteron is normally in a pre-
halo neutron state, the effect of activation would be to increase
even further the halo-induced nuclear radius to that corresponding
to the reduced separation energy of the excited neutron.

The activated state might be short lived, but would probably
be longer than the interval (on the order of 10713 to 1071? sec)
between activation and a subsequent fusion with a thermal-energy
deuteron absorbed in the palladium.

The cross section for the inelastic encounter between the
trigger and the palladium neutron skin, by egn. (1) would be
proportional to the square of the cube-root of the palladium
nuclear radius. Thus the ratio of that activation cross section to
the cross section for a subseguent fusion with a thermal deuteron
would be given by:
where Ap,; is the palladium nucleus mass number (~106), and A, is the
mass number of the trigger.

For a deuteron trigger we see from (30) that the probability
of activation is about 14 times greater than the probability of a
D/D fusion. It follows that it is correspondingly more likely that

5



APR 13 *85 18:38 AHM G C SPDNSLER 3013283431

Poge

R PROPRIETARY DATA —
For Evaluation Purposes Only

O _ Apg (30)
O, A,

the trigger will indeed have been activated prior to the fusion,
which itself becomes more probable as a result of the prier
activation.

The situation is slightly different with a proton trigger.
Strictly speaking, the intermediate compound nucleus with a proton
trigger would be a deuteron because of the captured valence neutron
(just as the deuteron trigger became a transient triton). But there
now is the possibility that the proton’s transient state might
become permanent: that is, the trigger proton becomes an excited
deuteron. In this latter event, the analysis of.a proton trigger
becomes essentially the same as with a deuteron trigger.

It seems probable that a proton trigger would indeed become an
excited deuteron: the neutron capture cross section for a proton is
100 times greater than for a deuteron. Furthermore, the probability
of capture of slow neutrons by protons is independent of the
relative velocities of the two particles.?? Conseguently, activa-
tion of a proton or deuteron trigger is essentially the same, both
yielding an activated deuteron.

The situation is different with helium-three. The x diffuse-
ness parameter of Takﬁ?awa and Sagawa would be slightly greater (by
a factor of [473)1/ But more importantly, there is the
guestion of whether or not the -He trigger might permanently
capture a Pd skin neutron, thereby creating f#e which would not
subsequently fuse with a ‘thermal deuteron.

This is not to say, however, that the p0551ble chain reaction
of page 12 would alsp abort: the IHe generated in such a chain
would be excited, and hence activated, simply as a result of the
nuclear reaction which resulted in its creation. An excited JHe
could then continue the chain reaction with correspondingly
enhanced probability. Experimentation is demanded.

Indeed, experiments are needed to test both these proposed
physical mechanisms and the very exlstence of triggered-fusion
itself. The simplest experiment would be to bombard a deuterium-
saturated palladium target with 300 kev to 3 mev deuterons to see
if the number of fus;ons generated were substantially greater (e.g.
by a factor of 10%) than would be expected in the absence of the
galladium catalyst. Should such prove toc be the case, proton and

triggers could then be substituted and the experiment repsated.

REFERENCES
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also P. G. Hansen, "EXotic edge of nuclear darkness," New
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“UATTORNEY AT LAW

7804 OLD CHESTER ROAD, BETHESDA, MARYLAND 20817
TELEPHONE 301/320-3431

September 28, 1994

Dr. John Perkins

Lawrence Livermore National Laboratory
P.O. Box 808 L~1

Livermore, CA 94551

Dear John:

I have revised my triggered-fusion theory, by restricting the
incident trigger particles to those "fairly-direct" collisions
needed to permit fusions, which in turh requires the fusion cross
section to be that of the deuteron nucleus; O—4ﬂI’2, with radius r,.
The following table presents a sample of results, which 1llustrate
how very sensitive the cumulative fusion probabilities, Pe, are to
both the deuteron nuclear radius and to the screening radius, r,.

r_(x10"13)cm r_(x10"13)¢em
4 12 260 0.01
2 2 260 0.004
8 1.2 93 0.102
4 2 47 0.083
8 4 25 0.448

As before, the analysis only pertains to palladium-like matrices
offering high hydrogen isotope dlffu51on'mob111t1es, titanium (with
a mobility 1076 that of palladium) is not included. I shall
incorporate all these changes in a revision of my prior papers,
which I plan for mid-November after my return from a trip abroad.

It is particularly important to recognize that my "screening
radius" is simply that number which, incorporated in the Fermi-
Thomas equation, results in the corresponding maximum potential,
E,, at the edge of the nuclear well. For exaqple your experimental
260 kev deuteron peak potential at r = 4x10 cm corresponds to rg

=1.2x10712; a figure much smaller than that resulting from electron
screening, and supporting my hypothesis that the 1lower than
Coulomb-predicted peak potential must be the result of nuclear (in
this case, self-) screening.



J. Perkins,
September 26, 1994
Page 2.

Even with the "fairly-direct" collision revision, practical power
generation by triggered-fusion theoretically is still possible with
palladium~enhanced screening, if the generator efficiency is
sufficiently high and if the screening is sufficiently strong. The
question is thus still, as before: what is the actual palladium
screening of deuterium?

As best I can determine, no one has measured the. probability of
fusion of a single high-energy deuteron bombarding a thick
deuterium-saturated palladium target. (I phoned, your friend at
Amersham, but they are out of the business jand.-/could not help).
George Chambers at the Naval Research Laboratory plans to submit a
proposal to DOE to simulate my theory onqtheir computer and then
test it experimentally. But I am sure, we, all would welcome an
independent experimental measurement of the cumulative fusion
probability by Livermore; could you do it? Please advise.

Sincerely,
TP
Geor C. Sponsler

cc: G.Chambers (NRL)
W. Polansky (DOE)
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TATTORNEY AT LAW
7804 OLD CHESTER ROAD, BETHESDA, MARYLAND 20817
TELEPHONE 301/320-3431

June 27, 1994

Walter M. Polansky

Director,

Division of Advanced Energy Projects, ER-16
Department of Energy

Washington, D.C. 20585

Dear Walt,

Since last writing you and Dr. Glass, further evidence has come to
hand which tends to substantiate my theory of nuclear enhanced
screening outlined no pages 4 and 5 of my.paper, "Experimental
Measurement of Enhanced Screening of Hydrogen Isotopes in Palladi-
um.” I suggest that the nuclear potential must extend beyond the
classical radius of the deuteron in the near wvicinity of the
nuclear well, leading to the constant=value approximation expressed
by equation 7 of that paper.

A potential of precisely this form was shown by Bohm and Richman in
1946 to fit the experimentally observed scattering cross section of
neutrons by free protons (Bailey ,et al., Phys. Rev. 70, 583, 1946;
D.H. Frisch, Phys. Rev. /70, 589, 1946). H.A. Bethe (Elementary
Nuclear Theory, 44, Wiley, New York, 1947) presents the potential
as fig. 8 of cChapter’ IX, enclosed herewith. As I explain in my
paper, such a potential is entirely equivalent with nuclear
enhanced screening.

I am also herewith copying George Chambers of the Naval Research
Laboratory, who T believe will serve as Principal Investigator of
their amended proposal. I now believe there is every reason to test
experimentally the existence of enhanced screening, with its
implications for a new source (Triggered-Fusion) of nuclear power.

Sincerely,
e
George C. Sponsler

cc¢: G. Chambers (NRL)
A. Glass (LLNL)

enc.
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ATTORNEY AT LAW
7804 OLD CHESTER ROAD, BETHESDA, MARYLAND 20817

TELEPHONE 301/320-3431

June 23, 1994

Dr. Alexander J. Glass

Lawrence Livermore National Laboratory
P.O. Box 808, L-1

Livermore, CA 94551

Dear Dr. Glass:

Our mutual friend, Bill Culver, has referred me to you as the
person at Livermore responsible for identifying promising new
fusion projects. Enclosed herewith are two, proprietary papers of
mine describing a new concept of "Triggered-Fusion" on which I have
been working for the past several years. The first paper, "Trig-
gered-Fusion, " presents the mathematical theory of the new process.
The second, "Experimental Measurément of Enhanced Screening of
Hydrogen Isotopes in Palladium,"/is an argument for believing that
enhanced screening, hypothesized.by the triggered-fusion theory,
also explains certain experimental hydrogen diffusion properties
and anomalies, lending credence to its existence. A patent applica-
tion is currently under. review by the Patent Office.

Colleagues at the Naval Research Laboratory have proposed an
experimental test of my theory to Walt Polansky, DOE Director,
Division of Advanced Energy Projects. His DOE reviewers, without
objecting to my theory, rejected the NRL proposal on the basis that
the required screening, as yet unmeasured, would have to be much
greater than «conventional electronic screening. I agree with the
DOE reviewers,, and wrote the second paper in answer to their
criticism. Walt Polansky has indicated he will reconsider an
amended NRL proposal directed to an experimental measurément of the
actual screening of deuterium in palladium and other metals.

Walt Polansky and I would both welcome Livermore's involvement
in the needed experiments, by your providing either joint funding
or other assistance. We also would welcome your candid critique of
my two papers. Please let me hear from you.

Sincerely,
7 4 i
,/’ff%/ﬁz?z%f%iﬁdyi44§4~f“
George C.“Sponsler

cc: W. Culver (w/o enc)
W. Polansky (w/o enc) -
encs.
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ATTORNEY AT LAW

7804 DLD CHESTER ROAD, BETHESDA, MARYLAND 20817
TELERPHOMNE 301/320-3431

September 2, 1993

Dr. Edmecnd Storms
Box 270 Hyde Park Estates
Sante Fe, N.M. 87501

Dear E4,

As we discussed on the telephone, Future Energy Applied Technology,
Inc. has thoroughly and favorably reviewed my Triggered Fusion
papers: Triggered-Fusion Power Generation, and Trlggered Fusion,

coplies of which are enclosed. Fred 3aeger F.E.A.T. President, also
g— tells me his scientists belleva Ehe feasibility experlment now
| : needed to test my theory, would" hé_ldeal for government sponsor-
- ship. A

As you also know, Gerpy“Hale of Los Alamos National Laboratory
previously had also reviewed my mathematical paper. I think we all
agree it would be apptopriate for Los Alamos to undertake the
critical experiment., The question becomes: will Los Alamos commit
the necessary Cockd%oft—Walton generator and associated facilities
and manpower to, caaduct the experiment under your leadership as
Principal Invastzgator7

I envision a three-party joint venture between my company, Law
Mathematics and Technology (LMT), Inc., F.E.A.T., and DOE/Los
Alamos. Walt Polansky, DOE Director of Advanced Energy Projects,
says DOE headquarters might be able to provide some $300,000 toward
the experiment. Jaeger says F.E.A,T. might be able to provide
$75,000 plus management support. I am uncertain if this latter
would include your reimbursement as Principal Investigator and mine
as Project Director; though I would contribute my time, if I were
reimbursed for expenses and given sufficient funds or in-kind
support to amend my current US patent application and to gain the
needed foreign patents for triggered-fusion.



Edmond Storms,
September 2, 1993
Page 2.

Would you please explore this entire matter with the appropriate
people at Los Alamos. I particularly would like to know what their
own contribution might be, assuming they would want to participate.
Will we have sufficient funds to conduct the needed experiment? I
will look to you to make the necessary investigations and, if
promising, to draft the formal proposal for DOE.

The joint venture could be headed by any of the three institutions
involved, but Walt Polansky tells me different funding mechanisms
would be required if Los Alamos were to lead the project. Were
F.E.A.T. or LMT to lead, DOE would employ a Special Research Grant;
if Los Alamos were to lead two other approaches might be used, but
both would probably require much longer time” to“process. I feel
F.E.A.T. would be the best choice, because of their financial
responsibility. We would need to spell-out wvery carefully the
commercial benefits for all parties, especiallly the patent-license
arrangements.

Finally, I have also enclosed a Non-disclosure and Confldentlallty
Agreement to be executed by an apprﬂprlate party at Los Alamos in
return for which you may copy/ and) provide them a copy of my
enclosed triggered-fusion papets,

I believe this to be a ve:ysp#omising project; I hope Los Alamos
agrees.

Sincerely,

George C. Sponsiler
enc.

cc: F. Jaeger (w/o enc.)
W. Polansky (w/o enc.)

£



From: Walt Polansky "
Date: 6/21/93 3:31 PM
Priority: Normal
TO: Duane Barney
¢/ "Sue-Ellen Stottlemyer
ialt Polansky
Subject: Inquiry from Sponsler

Duane-
¢

We have a letter of inquiry from George Sonsler. Would you take a
close look at it so we can discuss the appropriate response ?
Thanks.

Walt P.

P.S. Sue Ellen has the incoming.
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“UATTORNEY AT LAW

7804 CLD CHESTER RCAD, BETHESDA, MARYLAND 20817
TELEPHONE 301/320-3431

June 14, 1993

Walter M. Polansky, Director

Division of Advanced Energy Projects, ER-16
Department of Energy

Washington, D.C. 20585

Dear Walt:

Thank you for the Application Guide for the/(Office of Energy Research Financial
Assistance Program. When we spoke, you also suggested Iwrite an informal letter outlining the
design and benefits of the experiment I want to propose; this is that letter.

Enclosed is a general description of my triggered-fusion invention, the feasibility of which
I want to test experimentally. Please treat this information as proprietary as it extends beyond
my patent application which is still pending:

The proposed feasibility experiment is quite simple in concept, if perhaps expensive to
undertake. I would like Los Alamos to do the following:

(1) Design and build an experimental electrolytic cell, saturated with deuterium, like the

one sketched in the epelosure, with an ion gun attached as shown therein.

(2) The ion gunweuld be charged by a Cockcroft-Walton generator operating at about

300 kev, as per the diagram.,

(3) The gun Would direct protons or deuterons against the cell's palladium target, again

as per the diagram. (Protons would be preferable in a practical electric power generator

as neutrons would not be created as with the deuteron reaction).

(4) Using computer-controlled instrumentation, the heat developed by the triggered fusion

would be measured calorimetrically in the electrolytic cell, and the corresponding power

compared with the total power input. According to my calculations, the output power

should be about seven times the input.

Ed Storms has informally agreed to run the experiment. He tells me a staff of six would
be required for six months. With Los Alamos overhead, such an experiment would cost about
one million dollars, according to Reed Jensen.



W. M. Polansky,
June 14, 1993,
Page 2.

I am in a quandary as to just how to propose funding for the experiment. I would prefer
that DOE, were it to support my proposal, simply advance the necessary funds for the actual
experiment directly to Los Alamos, rather than having Los Alamos subcontract the work from
my company, Law Mathematics and Technology Incorporated. Yet I, as President of LMT, want
to direct the project; I don't want to serve simply as a consultant to Los Alamos, even were Ed
Storms the Los Alamos Principal Investigator. I would work half-time, charging $50,000 to
$60,000 plus expenses for the six month period, and would be willing to waive any profit (from
the experiment alone, that is) as my company's contribution to the project, were that necessary.
Would you please advise me how I should proceed?

As regards anticipated benefits were the experiment to suceeed, a trillion dollar global
market 1s no exaggeration for a practical triggered-fusion electric pawer generator. The nuclear
reaction itself is intrinsicly safe (particularly with proton triggering). Practical engineering
development problems would remain, but a successful triggered-fusion feasibility experiment
quite literally would herald the beginning of the end of the age of fossil fuels.

Sincerely,

_/ﬂ%

George C. Sponsler

enc,
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TRIGGERED-FUSION POWER GENERATION

by
Gecorge C. Spensler, Ph.D., J.D.

To date the practical use of fusion power has been limited to
hydrogen bombs. Peaceful electric power generation has not yet been
attained, though many countries are experimenting with warious
thermonuclear reactor prototypes such as the "Tokamak," ITER
(International Thermonuclear Experimental Reactor), and laser-
fusion reactors.

Most thermonuclear reactors envision controlled nuclear fusion
of deuterium and tritium, both isotopes of hydragen. Deuterium is
found naturally in water with a concentration’ of “about 1 part in
5000; this "heavy water" 1is easily separated electrochemically.
Tritium is far less common, and is also radioactive.

The problem with conventional thermonuclear reactor proposals
is that all the deuteron and triton fusion.candidates must be held
tightly together at millions of degrees temperature long enough for
the needed fusions to take place spontaneously, as it were. To date
this goal has eluded all experimenters, employing both magnetic and
inertial confinement.

From the standpoint of an ‘individual deuteron the physical
obstacle to fusion is that presented by the Coulomb electrostatic
repulsion barrier with its peak potential of about three hundred
thousand electron wvolts. Te fuse with the nucleus of a second
deuteron, (or any other. positively-charged particle, such as a
proton), the first must pass over or (guantum-mechanically, tunnel
through) this Coulomb “barrier. In c¢onventional thermonuclear
reactors the needed ‘energy would be provided by compressing and
simultaneously heating all the deuterons and tritons.

An appealing alternative approach would be to trigger initial
fusions by bombarding some rather than all of a volume of room-
temperature dQeuterons with a beam of, say, three hundred thousand
electron-volti(kev) deuterons. The high-energy particles resulting
therefrom might then collide with yet other deuterons, producing
secondary fusions. These latter fusions might then in turn produce
tertiary fusions in a similar manner, and so on, leading to a chain
of such repeating fusions.

The accompanylng mathematical theory demonstrates that such
a process is indeed to be expected in a deuterium-saturated
palladium target. Furthermore, the resulting chain reactions do not
expand numerically after initial triggering, but probably terminate

* A somewhat different, "“Aneutronic," approach employlng a
small °He-fusion reactor (called a "Self-Collider™) is under
development by a USA-Russia research consortium.

2 G. C. Sponsler, "Triggered-Fusion," (1993).
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after at most only four or five successive fusion generations. Thus
there could be no explosion, and the power thereby released would
be controlled by limiting the number of triggering deuterons. This
process is what I call "triggered-fusion."

Mathematically, as the trigger particle's energy decreases the
cross section (probability of collision) increases in the energy
range from hundreds to tens of kev. Numerical calculations show
that the most desirable range of cross sections correspond to
energies below the Coulemb barrier peak energy. But the probability
of penetrating the Coulomb bkarrier also decreases with decreasing
energies below the peak barrier potential.

There 1is, therefore, a tradecff: at lower energies the
probability of penetrating the barrier is lower, but the cross
section (collision probability) is higher. Numerical calculations
indicate that, for deuterons absorbed in palladium, a relative
energy range extending from about ten thousand electron wvolts to
three hundred thousand electron volts gives the greatest combined
probability of fusion by pairs of deuterons.

Palladium offers several potential benefits for triggered
fusion. First, deuterium easily diffuses through palladium which
can be saturated with deuterons in a one ‘to one ratio with the
total number of palladium crystal atoms.' Second, the palladium
nuclei are surrounded by relatively dense clouds of electrons: 46
electrons for each palladium atom, most bound but a few free. The
effect of the electron clouds is rapidly to decelerate the passage
of any charged particle, thereby fesolving the problem of reducing
the triggered-fusion product-particles' high energies. Palladium
also possesses certain other desirable properties, such as a high
melting point and good electrical conductivity.

The theory from which was derived the concept of triggered-
fusion hypothesizes that palladium also exhibits electron screening
of the Coulomb barrier. potential to a greater degree than other
metals. By electron screening is meant the effective interposition
of electrons between positively-charged nuclei within the palladium
crystal: either between the palladium nuclei and absorbed deuterons
or between pairs/of absorbed deuterons. Although the electrons move
very fast, on ‘the’ average an electron may be considered to be
located between-two positive nuclei, reducing the mutual electro-
static repulsion of the latter: hence the term "screening."

Strong screening effectively reduces both the "tail"™ and the
"peak" of the Coulomb barrier potential. Mathematically, strong
screening would account for the high, so-called, "mean-free-path"
of deuterons in palladium, explaining the relative ease of
diffusion of deuterium through palladium. The existence of strong
screening is amenable to proof by scattering experiment: large
angular-deviations from classical or "Rutherford" scattering are
indicative of strong screening.

Imagine now a single high-energy deuteron incident upon a
palladium crystal saturated with deuterons. The incident particle
will lose energy in a mathematically predictable fashion as it
passes through the electron clouds surrounding the palladium
crystal nuclei. From time to time it will bounce off a palladium

2
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nucleus in an elastic (energy-conserving) ceocllision. These
collisions are of practical importance, for without them the
incident particle would fly straight through a thin target. With
the clouds, more than half the incident particles will quickly be
brought to rest, at distances of at most only a few millimeters
from the crystal surface. However, some of the incident deuterons
will collide and fuse with absorbed deuterons. The probability of
such fusions is mathematically calculable.

Occasionally, and more rarely, a chain of successive fusions
will be triggered. But the mathematically-calculable probability of
the length of such chains rapidly decreases between successive
fusions, such that it would be extremely rare for there to be more
than four or five fusions in a particular chain. Of course the
total number of fusions can be increased (controlled) simply by
increasing the number of initial triggering particles.

Assuming an initial deuteron trigger, four possible seemingly
different fusion chains could be ignited. But clOser inspection
will indicate there really are only two. Furthermore, as neutron
reactions with the palladlum-absorbed deutexrons are improbable,
only a 51ng1e chain of alternating fusions- of protons and helium-
three ( He) particles w1th absorbed deuterons is likely, whether
initiated by either the ’He 4+ n or the'T +.p branch.

Theory shows that the average energy released by all the
chain-reaction fusions generated by a single initial 300 Kkev
deuteron trigger would total about «seven and one-half to ten times
the energy of the trigger particle; depending upon how frequently
which of the two possible nuclear branches actually initiates the
process.

Because of mechanical and electrical losses, the amount of
useful electricity generated” by a practical triggered-fusion
electrical generator might'be less than even five times the total
triggering energy; but,at,least a two or three to one ratioc of
useful fusion output,K toion beam energy should surely be attain-
able. And since the meeded ion beam input power could be "fed back"
from the generated gutput, that energy would be "recycled," that is
added to the fusion-generated energy. Additional input power would
only be needed; initially, to start a practical triggered-fusion
generator, and“te compensate for steady-state ion beam loses.

A single triggered-fusion electric power generator-cell could
be designed in many ways, but all would have certain aspects in
common: (1) a beam of triggering deuterons, accelerated to about
300 kev (by, say, a Cockcroft-Walton electrostatic generator for
start-up purposes, or by transformer feedback from the generator
output in an operating electric power-generator); (2) a thin
palladium target, probably a hollow tube, bombarded by the deuteron
trigger beam on one (out)side and containing c¢irculating heavy
water on the other (in)side (providing both the deuteron "targets"
absorbed by the palladium as well as serving to carry away the
generated heat to an external heat-exchanger); (3) a (central)
charging electrode (wire) held at a few volts positive to induce
the deuterons from the heavy water to diffuse intc the palladium
tube.
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Such a cell is diagrammed in the accompanying Figure I, which
depicts an ion gun directing its beam of 300 kev deuterons through
an evacuated tube against the exterior of a thin palladium pipe
through which circulates a stream of heavy-water (D0} .

Provision would be needed to prevent the escape of, and where
necessary to recapture, any deuterons which diffused completely
through the pipe wall. Prevention might be accomplished by a thin
c¢oating, on the exterior of the pipes beyond the ion beam impinge-
ment areas, of some metal which inhibits deuteron diffusion. Any
captured deuterium would be recombined with electrolyzed oxygen to
recreate more heavy water (thereby also gaining a.small additional
increment of heat energy).

The circulating heavy water serves two functions. First, it
provides a steadily replaced supply of thermal deuterons which are
attracted to the palladium tube by the eleetric field created by
the centrally-mounted low-voltage positively-charged wire. The
thermal deuterons diffuse through the‘wall of the palladium tube
and become targets for the triggering ion beam. The heavy-water
also conducts the fusion-generated heat away from the cell to the
heat exchanger.

Multiple cells could be fabricated by mounting several ion
guns around a particular circunference of a single palladium pipe,
with similar circumferential_.mountings both above and below. An
operating triggered-fusion electric power generator might contain
thousands of individual cells, hundreds of which might be attached
to a single palladium pipe=section.

The total number ‘of ion guns required would, of course, be
determined by the maximum total electrical power output desired
divided by the power generated per ion gun. Neglecting losses, if
the maximum factorw.of ten ratio between ion beam input and fusion
power output were .attainable for a single cell, a one kilowatt
generator output .would be triggered by a 100 watt, 300 kev, ion
beam with a be&am current of only one-third milliamp.

A sturdy eontainment shield would protect the entire generator
against chemical explosion or escage of neutrons generated by some
of the triggered-fusion reactions.” And an external heat exchanger
would be attached to a conventional turbo-electric or other power
generator. More unconventional generators, such as solid-state
thermoelectric converters, might be used in place of the heat
exchanger/turbo-generator set, were comparable thermal efficiencies
attainable.

The thin-wall palladium - or similar metal, such as titanium -
pipe is the key to the operation of the triggered-fusion power

3 Note: if protons, rather than deuterons, were employed
for the triggering ion beam, no neutrons would be generated!

4
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generator. Physically it separates the heavy water - the coolant
fluid and target-deuteron source - from the high-voltage deuteron
ion gun beam, while simultaneocusly facilitating diffusion of the
heavy-water deuterons to the outer pipe wall ion-beam impingement
area. The palladium also conducts the generated heat away from this
outer wall target area to the interior coeclant heavy-water. The
palladium electrons, which attenuate the energy of both incident
and fusion-generated particles, prevent the possibility of a
runaway chain reaction. And the enhanced electron-screening
hypothesized for the palladium catalyzes the fusion reaction by
increasing the guantum mechanical transmissivity (Coulomb barrier
penetration probability)®, and also produces a greater collision
cross section® than is found experimentally with gaseous or liquid
D,0.

" Triggered-fusion would thus appear to offer a practical source
of electrical power generation by the controlled fusion of
deuterium ions.

o Id., egn. (19).
3 Id. egn. (12).
6 Note: the so-called screening radius, r.,, may be and

probably is different for the deuteron/palladium collision
cross section, which controls the mean free path of the
deuterons absorbed within the palladium, from what it is for
deuteron/deuteron cellisions which affects their fusion
probability within the palladium.

5
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ATTOF?NEY AT LAW
7804 OLD CHESTER ROAD, BETHESDA., MARYLANDO 20817
TELEPHONE 301,/320-3431

May 10, 1993

Margaret M. Todd
Manager-Submitted Ideas
Corporate Legal Staff
General Electric Company
3135 Easton Turnpike
Fairfield, CT 06431

Dear Ms. Todd:

Thank you for your May 4 response to.my April 20 letter to Mr.
Welch, but my letter was misdirected to, "Submitted Ideas." My
proposal is more of the nature of a joint venture between GE, the
U.S. Government Department of Energy; and my company, Law Mathemat-
ics and Technology Incorpcrated. Mere specifically, I propose that

-— GE, in return for a license to pénding and future patents held by

me, would fund a critical experiment of my triggered-fusion theory

S to be conducted by the Los Alames ‘National Laboratory.

Reed Jensen, Associate nlrector of Los Alamos, advises me the
needed experiment will ,costhon the order of one million dollars.
However, according to/Walter Polansky, Director of DOE Advanced
Energy Projects, there'is a possibility DOE headquarters might fund
one half of the cost,to Tos Alamos. I would serve as consultant to
the experiment, tog¢be reimbursed by GE.

Obviously, GE.could not consider such an arrangement without
careful study. of my triggered-fusion theory. But were the proposed
experiment to bhe siccessful, it would open a trillion dollar market
and mark the . b&ginning of the end of the age of fossil fuels. It is
for this reasen that I offer GE the right to study my theory in
return for a non-disclosure and confidentiality agreement. But, as
you will appreciate, some trade secret agreement is essential.

I hope we can reach such an agreement, as I believe there
could be much to be gained by everyone involved.

Very truly yours,

e

George C. Sponsler
cc: R. 'Jensen
W. Peolansky

- J. F. Welch
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ATTORNEY AT LAW
TB04 OLD CHESTER F?_C'AD, BETHESDA, MARYLAND 20817

TELEPHONE 301/320-3431

April 14, 1993

Reed Jensen

Associate Director

Los Alamos National Laboratory
Mailstop B-243

Los Alamos, NM 87545

Dear Dr. Jensen,
_ Since writing you on April 6, for promotion pu;pqs&ﬁ I have written a "popularized™ description
( or executive summary of my triggered-fusion power generation concept: a copy is enclosed. On
4 the assumption that I am able to mcorpgm&(]err@' Hale's latest suggestion into my theory, I
believe triggered-fusion power generanm} will prove to be feasible.

I hope you will be able to supparl the pfoposed experimental test, and will phone you next week
to discuss how we might proceeds,

Sincerely,

George C. Sponsler

\ cc: W. Polansky ”

enc.
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TRIGGERED-FUSION POWER GENERATION
by
George C. Sponsler, Ph.D., J.D.

To date practical use of fusion power has been limited to hydrogen bombs. Peaceful
electric power generation has not yet been attained, though many countries are experimenting
with various thermonuclear reactor designs.

Most such thermonuclear reactors envision nuclear fusion of deuterium and tritium, both
isotopes of hydrogen. Deuterium is found naturally in water with a concentration of about 1 in
5000; this "heavy water" is easily separated electrochemically. Tritium-is far less common, and
is also radioactive.

The problem with conventional thermonuclear reactors is‘thatall the deuterons and tritons
must be held tightly together at millions of degrees temperature long enough for the needed
fusions to take place. So far this goal has eluded all experimenters.

From the standpoint of an individual deuteron the physical problem is that presented by
the Coulomb electrostatic potential barrier: looking rather like a volcano when plotted
mathematically in three dimensions, its peak potential corresponds to hundreds of thousands of
electron volts. To fuse with the nucleus at the center of the "volcano” a second deuteron, or
other singly positive-charged particle ( for example, a proton) must pass over or (quantum-
mechanically, tunnel through) this Coulomb barrier. In thermonuclear reactors the corresponding
energy is initially provided by compressing and simultaneously heating all the deuterons and
tritons.

Conceptually, an alternative approach would be to trigger an initial fusion by bombarding
a room temperature volume of deuterium heavy water or higher-temperature gas (steam) with a
beam of high energy (say;.several hundred thousand electron volt) deuterons. One might
(incorrectly) envision thereby setting off a chain reaction, with each succeeding set of fusions
triggered in turn by, the reaction-product particles resulting from the preceding set of fusions.
Were it feasible, thisiapproach would save initial energy as only a relatively few of all the
deuterons would need to be energized. '

One problem with this proposal is that the fusion products are all of extremely high
energy (millions, even tens of millions, of electron volts) and therefore very fast, too fast (it can
be shown mathematically) to have a high collision probability: the fusion reaction products simply
pass through the remaining deuterium without creating further fusions.

Physicists describe this collision probability with the aid of what they call "cross
sections," which can be thought of as resembling circular targets: the larger the target the more
likely the collision. It can be shown mathematically that as the trigger particle's energy decreases
the cross section (probability of collision) increases. Numerical calculations show that the most
desirable range of cross sections correspond to energies below the coulomb barrier peak energy.

There is, therefore, a tradeoff: at lower energies the probability of penetrating the barrier
is lower, but the cross section (collision probability) is higher. Numerical calculations indicate
that, for deuterium absorbed in palladium, an energy raage from about ten thousand electron
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volts to three hundred thousand electron volts gives the greatest probability of fusion between
pairs of deuterons.

Palladium offers several potential benefits for triggered fusion. First, deuterium easily
diffuses through palladium which can be saturated with deuterons in a one to one ratio with the
palladium crystal atoms. Second, the palladium nuclei are surrounded by relatively dense clouds
of electrons: 46 electrons for each palladium atom, most bound but a few free. The effect of the
electron clouds is rapidly to decelerate the passage of any charged particle, thereby resolving the
problem of reducing the triggered-fusion product-particle energies. Palladium also possesses
certain other desirable properties, such as a high melting point and good electrical conductivity.

The theory from which was derived the concept of triggered-fusion hypothesizes that
palladium also exhibits electron screening of the Coulomb barrier potential to a greater degree
than other metals. By electron screening is meant the effective interposition of electrons between
positively-charged nuclei within the palladium crystal: either between the palladium nuclei and
absorbed deuterons or between pairs of absorbed deuterons. Although-the electrons move very
fast, on the average an electron may be considered to be located between two positive nuclei,
reducing the mutual electrostatic repulsion of the latter.

Strong screening effectively reduces both the "tail" and the "peak™ of the barrier potential.
Mathematically, strong screening would account for the high,”so-called, mean-free-path of
deuterons in palladium, explaining the relative ease of diffusion of deuterium through palladium,
The existence of strong screening is amenable to proof by scattering experiment: large angular-
deviations from classical or "Rayleigh” scattering are indicative of strong screening.

Imagine now a single high-energy deuteron ‘incident upon a palladium crystal saturated
with deuterons. The incident particle will lose energy in a mathematically predictable fashion as
it passes through the electron clouds surrounding the palladium crystal nuclei. From time to time
it will bounce off a palladium nucleus in an€lastic (energy-conserving) collision. These collisions
are of practical importance for without them the incident particle would fly straight through a thin
target. With them more than half the incident particles will be brought essentially to rest, at most
only a few millimeters from the erystal surface. However, some of them will collide and fuse
with an absorbed deuteron. The probability of such fusions is mathematically calculable.

Occasionally, andwmore rarely, there will be a chain of successive fusions. But the
mathematically-calculable probability of the length of such chains rapidly decreases between
successive fusions, such that it would be extremely rare for there to be more than four or five
total fusions in a particular chain. Of course the total number of fusions can be increased without
limit simply by incréasing the number of initial triggering particles.

Assuming an initial deuteron trigger, there are four possible successive fusion chains. But
closer inspection will indicate there really are only two different ones, following the initial fusion
event. Furthermore, as neutron reactions are highly improbable, only the single chain of
alternating fusions of protons and helium-three particles with absorbed deuterons is likely.

Triggered-fusion might explain cold fusion observations. The likely triggered-fusion chain
reaction shown above could also be triggered by high-energy protons, as is readily apparent from
the chain. Such particles are the principal component of cosmic rays and of solar winds, and are
also emitted by sun spots and solar storms. Such protons might trigger cold fusion, and would
account for its random or stochastic non-reproducible behavior. But the incident-particle flux
would have to be considerably higher than has been conventionally observed.

3 5
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Whether or not protons emitted by solar flares or other sources in the cosmos actually
trigger "cold" fusions, such triggered-fusion offers the first practical way to use fusion energy
for the generation of electricity. Theory shows that the energy released by the average number
of chain-reaction fusions generated by a single initial 300,000 electron-volt deuteron trigger will
total almost ten times the energy of the trigger particle.

Because of mechanical and electrical losses, the actual amount of useful electricity
generated by a continuing, large, number of such triggers would be less than ten times the total
triggering energy; but a two or three to one ratio of output to input energy should be attainable.
And since the needed input could be "fed back" from the generated output, a separate source of
input power would only be needed initially to start a triggered-fusion generator.

A triggered-fusion electric power generator-cell could be designed in many ways, but all
have certain aspects in common: (1) a beam of triggering deuterons, accelerated to about 300,000
electron volts (by, say, either a Cockcroft-Walton or van de Graff electrostatic generator for
demonstration or start-up purposes, or by transformer feedback from the overall generator output
in an operating electric power-generator); (2) a hollow palladium, tube, bombarded by the
deuteron trigger beam on one (out)side and containing heavy water on the other (in)side which
provides the deuteron targets absorbed by the palladium as well as carries away the generated
heat to an exlemal'heat—cxchanger; (3) a (central) charging electrode (wire) held at a few volts
to induce the deuterons from the heavy water to diffuse. intorthe palladium tube,

An operating triggered-fusion electric power generater would contain, possibly, thousands
of the individual cells described above, hundreds of which would be attached to or compose a
single palladium pipe section. An external containment shield would protect against chemical
explosion or emission of neutrons possibly” generatéd by the triggered-fusion reactions. The
external heat exchanger would be attachedto a.conventional ,say, turbo-electric power generator.
More unconventional generators, such as®$olid-state thermoelectric converters might be used in
place of the heat exchanger/turbo-eléctricigenerator set, were comparable efficiencies attainable.

The necessary first step toward the practical application of triggered-fusion is the
experimental proof of the underlying mathematical theory. Does a triggered-fusion cell actually
produce more energy than it consumes, as predicted by that theory? This is the key question; if
the answer is "yes," otherexperiments could then address the assumption of enhanced screening
in palladium and cencomitant phenomena, such as scattering cross section and Coulomb-barrier
transmissivity. Inventers would then address such questions as the necessary diffusion rates of
deuterons in palladium and other practical matters. But should the basic calorimetric experiment
be successful, these latter issues probably can all be satisfactorily resolved and a practical
triggered-fusion electric power generator developed. If so, we shall have witnessed the beginning
of the end of the age of fossil fuels.
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WLATTORNEY AT LAW
7BO4 OLD CHESTER RCALD, BETHESDA, MARYLAND 20817
TELEPHONE 201./,320-3431

April 6, 1993

Reed Jensen

Associate Director

Los Alamos National Laboratory
Mailstop B-243

Los Alamos, NM 87545

Dear Dr. Jensen,

Ed Storms suggested I contact you to inquire if Fos Alamos might undertake an experimental test
of a triggered-fusion theory of mine on which I'have been working intermittently the past several
years. Whether or not the theory explains:so-calléd "cold" fusion, for which it was originally
intended, if correct it would make possiblé the practical generation of electricity from deuterium
(or proton) triggered fusion in deutérium-saturated palladium. Gerry Hale there at Los Alamos
is currently reviewing the theory.”

I envision an arrangement in_which my company, Law Mathematics & Technology Inc., would
serve as subcontractor -‘erl personally as consultant - to Los Alamos in the conduct of the
experiment. 1 would ask that I be included as a coauthor of any papers and coinventor of any
resulting patentse-L.would also ask that Los Alamos either pay me a sufficient amount to cover
costs of foreign pa'tgnts needed to extend coverage of a U.S. patent application I currently have
pending (which latter also requires amendment) or prepare the necessary applications for me as
payment in kind. I would require reimbursement for my consulting expenses, but would be
willing to waive any additional fee beyond the patent arrangement as my financial contribution,
if that were necessary.



-

Reed Jensen,
April 6, 1993,
page 2.

Walt Polansky of DOE headquarters once offered to match any Los Alamos contribution in
support of such an experiment, which would test both the theory and its electric-generator
application.

Enclosed are the latest versions of two papers explaining my theory and it power generation
application. I would ask that, in accord with the legend on each page, you please use the papers
for evaluation purposes only. I hope to discuss this proposal with you personal]y by telephone
in the near future. -

Sincerely, _. ®

George C. Sponsler

\ cc: W. Polansky

E. Storms

€nc.
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TRIGGERED-FUSION POWER GENERATOR
George C. Sponsler

To illustrate how triggered "cold" fusion could be employed to
produce electrical power, one possible conceptual design is
presented in the accompanying figure. Other triggered-fusion power
generator configurations are conceivable, but they all incorporate
certain common features, illustrated by the figure, which are
discussed hereafter. Whether or not the proposed triggering
mechanism explains experimentally-observed c¢old fusion, the
triggered-fusion process itself appears to offer a practical means
for generation of electrical power.

e T e BERGLE, | TS T T e e el i i T e L ——

Place figure about here.
s : : : - S "2 S

The figure portrays a single cell, .there being perhaps
hundreds or thousands of such cells in as~large triggered-fusion
electric power generator. (If a single.cell generated a kilowatt,
a megawatt generator would incorporaté 1000 such cells).

Each cell consists of an ion gun which directs a stream of,
say, 300 kev deutercns through an evacuated tube against the
exterior of a thin palladium pipe«target through which circulates
a stream of heavy-water (D,0). Several ion guns could be mounted
around a particular circumference of a long Pd pipe, with other
circumferential mountings abeve and below. A single pipe might
contain hundreds cof such cells, and the entire triggered-fusion
generator might consists ©f tens or hundreds of such pipes with
their attached ion gums. The actual number of ion guns would be
determined by the maximum power desired divided by the power
generated per ion gun.

The heavy-water provides a steadily replaced supply of
deuterons which are'attracted to the palladium tube by an electric
field created by a centrally-mounted low=-voltage charged wire. The
deuterons diffuse through the palladium tube and become targets for
the triggering-ions. The circulating heavy-water also conducts the
fusion-generated heat to a heat exchanger, which then provides the
heat energy for a conventional electric generator external to a
neutron-reflecting shield surrounding and containing the entire
assembly of triggered-fusion cells and Pd pipes.

This containment shield would also protect against the
possibility of chemical explosion (possibly resulting from the
accidental recombination of deuterium and oxygen, generated by the
electrolytic decomposition of the heavy-water).

Van de Graff generators might be used to produce the 300
kilovolt electrostatic field required by the ion guns, provided the
van de Graff machines could sustain the necessary current drain.
Neglecting losses, the triggering theory! shows that each cell in
effect amplifies its input power by a factor of about ten (each 300

3 Sponsler, G.C., Triggering "Cold" Fusion, p. 14.
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kev trigger particle produces on average 2.6 mev of total fusion
energy, assumed to be converted to heat, to which must be added the
300 kev of heat energy generated by the trigger particle itself
upon collision within the Pd pipe). Thus a one kilowatt cell,
neglecting losses, would be triggered by about a 100 watt ion beam
which at 300 kev corresponds to an ion-gun current of one-third
milliamp.

It is assumed that the energy needed to power the ion guns
would be fed back from the total power generated. The generated
power level would in turn be controlled by the ion current. As
noted above, much of the ion gun input power would be recaptured in
the form of heat upon collision of the beam with the palladium
pipe.

Provision would be needed to prevent the escape of, and where
necessary to recapture, any deuterons which diffuse completely
through the Pd pipe wall. Prevention might be accomplished by a
thin coating, on the exterior of the Pd pipes outside the ion beam
impingement area, of some metal which inhibitS’» deuteron penetra-
tion. Any captured deuterium would be recombined with electrolyzed
oxygen to recreate more heavy water (thereby also gaining a small
additional increment of heat energy).

The thin-wall palladium pipe is/the 'key to the operation of
the triggered-fusion power generator. Physically it separates the
heavy water - the coclant fluid and,target-deuteron source - from
the high-voltage deuteron ion gun, beam, while simultaneously
facilitating diffusion of the heavy-water deuterons to the outer
pipe wall ion-beam impingement” area. The palladium also conducts
the generated heat away from. this-outer wall target area to the
interior coolant heavy~-water.. The palladium electrons, which
attenuate the energy of “both incident and fusion-generated
particles, prevent the possibility of a runaway chain reaction.
More controversially, .the.enhanced electron-screening postulated
for the palladium catalyzas the fusion reaction by enhancing the
guantum mechanlcal transmissivity (Coulomb barrier penetration
probablllty) and’ ‘also produces a greater collision cross
section? than ig found experimentally with gaseous or liquid Dzo.

Triggered=fusion would thus appear to offer a practical source
of electrical™pewer generation, whether or not it also explains
experimentally observed "cold" fusion.

2 Id., eqn. (19).
3 Id. egn. (12).
» Note: the screening radius, r,, may be and probably is

different for the deuteron/palladium collision cross section,
which controls the mean free path of the diffused deuterons
within the palladium, than for deuteron/deutercn collisions
which affects their fusion probability within the palladium.

2
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TRIGGERING "COLD" FUSION

by
George C. Sponsler?
Abstract

Theory demonstrates that "cold" fusion may be
conventional hot fusion initiated by, and sus-
tained by repeated, exogenous triggering. Once
so triggered, fusion chain reactions of limit-
ed duration may also be possible in deuterium-
saturated palladium. A single deuteron's
energy 1is analyzed as It 1is attenuated by
collisions with bound and free electrons in
such a palladium crystal, and the asso€iated
cumulative fusion probability eéestimated.
Probabilities of subsequent chain-reaction
fusion events are also derived.

I. Introduction

The thesis of this paper is that what has been called cold
fusion is really hot fusion in disguise. For this reason the word
"cold" in the title above is put 'in guotes. It is suggested that
the initiation of "cold" fusion requires a trigger, either natural
or artificial (the subject _of a-separate patent application),
externally impingent upon @/ palladium or similar metal matrix
saturated with deuterium., Su¢h a trigger might be a single (or
shower of) high-energy . cesmic ray(s), solar-wind or sun-spot
particle(s), radiation.from local radiocactive contaminants, or some
other energy source, which fuses with or energizes a deuteron
within the palladium, that, in the latter event, thereafter fuses
with yet another deuteron.

There have’ been a number of experiments which claim to have
demonstrated cold fusion; a review article by Storms! lists 76
"negative results" and 83 "positive results" by electrochemical
experimenters,y The principal problem with these reports is that
they cannot be reproduced. At best, these experiments demonstrate
that cold fusion, if it exists, must be a stochastic, that is
chance or random, process.

The key problem for conventional cold fusion theory is to
explain how it is possible for two thermal deuterons to overcome
(or quantum-mechanically to tunnel through) their mutual electro-
static Coulomb potential barrier, and thus come close enough to
fuse. Leggett & Baym? have shown that, in a solid in egquilibrium
at room temperature, Coulomb barrier penetration cannot be
sufficiently enhanced to explain ccld fusion rates inferred from
experiments by others®. It is the apparent impossibility of such

1 president, Law Mathematics and Technology Incorporated,
7804 01d Chester Road, Bethesda, Maryland, 20817-6280.
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barrier penetration which has persuaded the majority of the
scientific community - familiar as they are with high-temperature
compressive fusion inside stars and hydrogen bombs - to reject the
very idea of cold fusion.

Apparently the first cold fu51on theory was that of Paneth and
Peters, published in October 1926%, who also attempted to demon-
strate experimentally the conVer51en of hydrogen into helium, using
palladium as a catalyst. But their initial seeming success was
subsequently reversed when they discovered the observed helium most
probably had actually been a contaminant in their experiment.

John Tandberg, working in Stockholm and influenced by the
reports of Paneth and Peters, built an electrolytic cell using a
palladium electrode in an attempt to separate hydrogen from oxygen
in ordinary water.® Tandberg, in collaboration with Torsten
Wilner, later repeated his electrolysis experiment using heavy
water. And in the 1940s Tandberg and Wilner bombarded a deuterium-
saturated palladlum metal sheet with deuterons” = recording the
generation of 2He and neutrons. They may thuS'have inadvertently
triggered a deuterium fusion reaction.

Most recently, Brookhaven chemists claim-also to have induced
such fusion by bombarding a deuterium target' (composed of titanium
or zirconium deuteride, or of polydeuteroethylene) with heavy water
clusters containing from 25 to 1300 molecules, using beam energies
of between 200 kev and 325 kev.’ They theorized that the heat and
compression generated by the 1mpact cause pairs of deuterium atoms
to fuse, momentarily creating %Hé and releasing the binding energy.
The helium was then thought fo.disintegrate spontaneously along
either of the two more common-fusionh branches (c.f. Table 1 below).

The presentlg known hydrogen-isotope fusion reactions are
listed in Table 1 The .reaction byproducts reported by Tandberg
and Wilner correspond to the first so-called branch with an energy
release of 3.27 mev per reaction. (Note: 1.9x10 L of these

Table. 1+ Known Deuterium Fusion Reactions
with Hydrogen Isotopes
PRIMARY BRANCH ENERGY (E.) RCACTIONS/SEC
REACTION PRODUCTS RELEASE (MeV) | PER 1W OUTPUT
D+ D - *He + n Vi 1.90x10%?
D+ D - T + p 4.03 1.54x10%2
D+ D =~ ‘He + gamma 23.85 2.61x10t
T + D — %He + n 17.59 3.53x1011
P+ D= ‘He + gamma 5.49 1.13x10%12

reactions would be needed every second to produce only one watt of
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power!). A sixth reaction, T + p, is often added to Table 1, but
this reaction may only be intermediary between the reactions on
rows 2 and 3, above, as indicated by the sum of the released
binding energies of D + D - T + p (4.03 mev) and T + p - %He +
gamma (19.81 mev) compared with line 3's (23.85 mev) of Table 1.

Cold-fusion enthusiasts have proposed other, more exotic and
not as yet accepted, deuterium fusion reactions within palladium
which are not included in Table 1. For example, Akito Takahashi, a
professor of nuclear engineering at Osaka University in Japan, has
suggested a four-body nuclear reaction that produces no neutrons;
and Peter Hagelstein of MIT asserts that while neutrons are emitted
in cold-fusion reactions they are promptly absorbed by the
palladium lattice.?

The theory hereafter is restricted to the accepted deuterium
reactions of Table 1, with subsequent consideration of neutron-
initiated and D+’He reactions.

II. Theory

Consider a single cubic cell of fa_pure, face-centered
palladium crystal saturated with deuterium.’ The crystal lattice
constant or cell-width is almost exactly, 4 x 10~ cm in length.
There is one palladium atom at each corner, and there are assumed
to be f "free" electrons and (46 = f) "hound™ electrons, these
latter uniformly distributed within _a sphere of radius r centered
on each palladium nucleus. The prebability, P,,;, that a particle
incident on a cell penetrates one ©of the bound electrons' elght
segments w1th1n the cell (and-hence of any and all cells) is given
by {4/3)1r(r/a) while the\/probability, P,, that the particle
passes through the intervéning free electrons is given by (1I-Pp,).

Imagine the path.©of.the incident particle (hereafter taken to
be a deuteron) to bewa .series of random, broken line-segments
(rather 1like Brownian-motion, or the ricochets in a pin-ball
machine), making elastic collisions with the palladium crystal
atoms' nuclei and'with a total path length x. The incident particle
will lose energy .through successive collisions with both bound and
free electrons, the differential amount, dE/dx, being given by:

dE _ dE dE

1
dx i
where the subscripts b and f refer to "bound" and "free™ respec-
tively.

Jacksoni® derives the various differential energy loss

formulae needed to evaluate (1). Quantum_mechanlcs is only required
in the derivation of the Bethe formulall for the energy loss at
high (1 mev and greater) incident particle energy, E:

Ezx1lmev (2)

dr =921tppdzze‘z‘-le 4mE[y(E)]® _ 2E
ax ME MA(w,)  Mer|
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where p,; is the concentration of palladium crystal atoms per cc;
Z & M, are the atomic number and mass of the incident particle (in
the first instance, deuter1um), e & m are the electren charge and
mass; y(E) = [1+(E/Mzc )] is a relativistic correction term; and w,
is an average palladium-atom bound electron frequency (taken to be
552 ev or 8.83 x 10710 ergs, per Jackson's examplel?).

A classical, differential energy-loss formula is employed
(with correspondingly different electron concentrations) for both
bound and free electron collision losses at incident particle
energies, E, less then 1 mev, and alsc (for computational conve-
nience) as an approximation for (the smaller) free-electron
collisicon losses at higher energies. (As will be shown, this latter
use 1is permitted not only because incident-particle energy
attenuation is much greater by bound electrons than free electrons,
but the cumulative probability of collision and fusion of an
incident high-energy deuteron with an occluded .thermal deuteron
typically is 1less than 2% at energies greater”’ than the peak
deuteron barrier potential assumed hereafter to be about 327 kev
inside the palladium matrix).

This classical formula is derived from an.expression yielding
the energy transferred to a free electron during a Coulomb
collision, as a function of the so-called impact parameter (or
closest approach), b, given byl3:

Z*e'Mp, 1
mE
\ £2, M,ze? )
2mE

where Z refers to the‘incident particle.
The desired formula ‘for the free-electron differential energy
loss is obtained by integrating (3) from 0 to b,,,, as follows'%:

AE(Db) =

(3)

B
dE
L2l =2np, [ AE(D) bdb (4)
8| wznp. ]

where p, is the electron concentration (with e = b or f% for bound

or free electrons, respectively); and b_,, is given byl

-Y(E) |2E 5
B VB s 7 (5)

where w is a characteristic atomic frequency of motion, in
numerical calculations chosen so as to match the Bethe and free

4
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electron formulae (with e = b) at E = 1 mev (which yields a value
of abcut 1.4 kev for He).
Equation (4) is integrable in closed form, yielding:

2
dE| _ np,e'M,Z? [ 2D,y (E) mE (6)
dx mE ZM&E*

a

where subscript e is either f (for free) or b (for bound), as
before, and p, = fppy Or pp = (46-f)ppy (with the formulae f being
the number of free electrons). This formula is used in the
subsequent calculations for bound electrons when E £ 1 mev, and for
free electrons for all E.

To appreciate how rapidly the incident-particle enerqgy
attenuates along the path length of the incident particle within
the deuterium-saturated palladium crystal, it is oenly necessary to
integrate eqn. (1):

EC
1
x(E) = dE
!;P dE[ , 5 dE L7
e W

Here x(E) is the total distance along the (discontinuous) path
followed by an incident particle ofinitial (or "trigger") energy,
E,, to the point where the particle energy has attenuated to E. The
differential energy losses) dE/dx|, and dE/dx|,, are given by (2)
and (6) above for the warious energy ranges noted before.

With the aid of ‘a numerical personal computer program!®, the
graphs of figures (1) and (2) were computed for the energy ranges
shown (in ergs) for'.a hypothetical initial or trigger particle-
energy of 3 mev. «Bath graphs show, for example, that that energy
will have been attenuated to about 300 kev after traversing a total
distance of about’ 0.05 cm. from the particle's initial point of
entry into €he-palladium crystal (employing the various parametric
values previously noted). Assuming that "cold" fusion is initiated
by an exogenous trigger, it is apparent from these calculations
that such fusion must be ignited close to the surface of the
deuterjum-saturated palladium target or electrode.

e e e e e e R e R M e T o DN T M ] i e LN oL 1 T i e T o e R

Put figures (1) & (2) about here.
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The more important question, however, 1is: What 1is the
cumulative probability of fusion of an initial or trigger deuteron
with one or another of the thermal deuterons occluded in the

palladium? This question is answered indirectly by first asking
what is the D/D collision probability as a function of the incident

5
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particle's attenuating energy, and then multiplying that collision
probability, R(E), by the (potential-barrier) transmission
probability, T(E), to vyield the fusion probability density
function, P.(E). This latter function is then integrated over the
entire range of energies below the trigger-energy to determine the
desired cumulative probability of fusion.

Let Q0 be the probability that an incident particle does NOT
make a collision in the path length x. Between x and (x+dx), Q is
decreased by an amount egual to the probability that a collision
does occur within that incremental distance. But this amount is
equal to the probability that the particle reaches the point x
without collision, times the probability that if it is in this
region a collision does occur. This latter probability is simply
pqadx, so thatl? 4o = -Qpp0dx where pp, is the deuterium concentra-
tion. Since 4dQ/dx = (dQ/dE) (dE/dx), when expressed as a function of
E, dQ = -[Qpp0(E)]/[dE/dx]dE. Integration then yields:

B
EC’ ——— Y
2o dxb'+Pfdx'fI

where (1) above has been substituted for dE/dx, which in turn has
been recognized as intrinsicly’negative, being an attenuation.

The cumulative probability, R{E), that an incident particle
DOES make a collision by 'the point at which its energy has
attenuated to E is then _giVen by R(E) = 1 - Q(E), with Q expressed
as a function of E rather than x.

To evaluate the wintegral in (8) it is first necessary to
determine o(E). Followihg Bohm'®, the D/D scattering cross section
per unit solid angle for a screened Coulomb potential is given by:

2
aM Fet

9
(4p?sin?@/2+h2/r 2)? G

OB=

in which M, is the mass of the deuteron, 8 is the scattering angle,
» is Planck's constant divided by 2w, p={2mE)1/2 is the incident
deuteron'’s momentum expressed in terms of its kinetic energy, E5
and r, is the effective screening radius (taken here to be 4x1071
cm, corresponding to a maximum deuteron barrier potential of 327
kev at the edge of the nuclear well, according to the screened
Coulomb formula of equation 17 below).

The total D/D collision cross section, o(E), is obtained from
(2) by integrating over the entire solid angle, as follows:
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N i :IE- 16nM,2e!sinfdo (10)
| (8MpESin?0/2+%*/r?)*?

2

Equation (10} is integrable 1in closed form“ using the

following formula:

asing _ 2a
2d¢_ ¢
[bsinzgﬂz'] b[bcosz—z——b—c

(11)

which may be proved by direct differentiaticn. .Insertion of the
integration limits of (10) and simplification yields:

o

g(E) =
2

where a = lﬁﬂﬂbzed, B(E) = 8MyE, and p = (h/rs)z. Using this closed
expression for o(E) it is then easy to evaluate Q(E}, and from it
R(E), by numerical integration of (8).

o(E) as given by (12)-is, the effective D/D cross section
inside the palladium matrix, where it has been assumed that r, =
4x107*“ cm in order that the‘screened Coulomb potential at the edge
of the nuclear wells be 327 kev. To the extent this assumed
screening radius is ‘gorrect, it represents enhanced screening
caused by the palladium/matrix. Even with this screening radius,
according to (12) ,4.0(E = 300 kev) ~ 70 barns (c.f. figure 3), or
about 100 times the eXperimental D/D cross section of approximately
100 mb in the gaseous statel®. The cross section would be larger
in any metal, 'but the effect of enhanced screening in Pd reduces
the maximum. value of the deuteron Coulomb potential barrier and
increases the, transmissivity, T(E). The net effect of enhanced Pd
screening would be to increase the probability of D/D fusion. PUT
FIG. 3 ABOUT HERE.

Equation (12) also explains why deuterium (and hydrogen)
diffuse more easily within palladium than in other metals. If the
screening in palladium is substantially greater than within other
metals, for the same energy, according to (12), the cross section
should be reduced for smaller r.,, that is for increased screening
(whether it be D/D or D/Pd). The correspondingly smaller cross sec-
tion in the palladium would reflect itself in a greater mean free

2 With thanks to Bob Gautier of Mathsoft Inc. for his original
recognition therecof.
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path, which in turn would help explain the increased ease of
diffusion of deuterium (and hydrogen) inside the palladium matrix.

Figures (4) and (5) show the cumulative probability of
collision, R(E), between trigger deuterons of energies 3.27 mev and
327 kev, respectively, and a thermal deuteron occluded in a
deuterium-saturated palladium matrix. Fig. (3) demonstrates that,
during the interval that the incident deuteron energy has attenuat-
ed from 3.27 mev to 327 kev, the cumulative probability of
collision is less than 2%. Whereas fig. (4) shows that almost all
the cumulative collision probability accrues in the interval
between 327 kev and 16 kev; this is the critical attenuated energy
regime. It is energeticly wasteful, and almost useless, to employ
deuteron trigger energies greater than 300 to 400 kev to initiate

a D/D fusion reaction inside the palladium.
e e T e S T T e I P G MR e

 Put figures (4) & (5) about here,

The probability density distribution that'an incident deuteron
collides with another (thermal) deuteron.in the interval between E
and E+dE is obtained by differentiating the cumulative distribu-
tion, R(E), and hence is given by the negative derivative of Q(E).
If T(E) is the transmission probability that the incident particle
penetrates the potential barrier eof a thermal deuteron, then the
cumulative probability of fusion,), P,(E), in the interval between
the initial trigger energy, EJ, “and the attenuated energy, E, is
given by:

& E
P(B) € [£(E) dR(E) =—fr{s)[+°-'—f’i%@}d5 (13)
By E,

For incident-particle energies dgreater than the maximum
deuteron Coulomb.barrier potential (about 327 kev), the transmis-
sion probability, T(E>327 kev), is unity. In this regime the
cumulative prebability of fusion, as Q(E,) = 1, is given by:

327
P(E>327) = - f do = [1-Q(E>327)] (14)
E.

Note that for E,=3.27 mev, P(E=327 kev) = 0.018 for D/D fusion, and
is approximately the same value for other triggers of comparable

energies.
For trigger energies less than 327 kev it is necessary to
employ the full formula of egn. (13), which in turn requires

evaluation of the derivative with respect to E of Q given by:
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o Pp9 (E)Q(E)

dE dE dE (15)
rd x|, e,

P

The WKB approximation for the transmission probability, T(E),
of one deuteron penetrating a second deuteron by quantum mechanical
tunneling through a screened Coulomb barrier potential, V,(r), is
given by

I
T&Eexp[—%f,IZMDivbuEi drl (16)
IO

where the radius of the deuteron nucleus ‘is approximated by
O—4x10 cm, and r; is that (radial) sdistance at which the

potential, V,, equals the relative enexrgy, £, 'of the two deuterons,
(taken to be the kinetic energy of the ingident deuteron), i.e.

= [e?/r1] exXp(=r1/Ts),

assuming the screened potential ig.given by the Fermi-Thomas model:

Vymﬁ;exp{—r/rs} (17)

In point of fact“(17) represents the electrostatic field
experienced by a pesitive, singly-charged test particle resultlng
from another unit positlve charge located at the coordinate origin
and an equal negative charge distributed about it with denslty o
(the system a8, a.whole being electrically neutral) given by?

2 -ar

where a = 1/rg, i.e. the reciprocal of the screening radius.

This is a rather unlikely charge distribution for the electron
cloud surrounding an atomic nucleus: it does not allow for a
charge-free space between the atomic nucleus and the innermost
electron orbit; it represents an unbounded orbital electron charge
distribution extending ocutward from the center of the nucleus to
infinity; and there is no a' priori physical reason for the
negative exponential factor, {except the experimental fact that the
actual field diminishes rapidly).
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Although the Fermi-Thomas approximation will be used hereaf-
ter, it is interesting to derive the exact formula for the
electrostatic potential generated by an arbitrary (but spherically
symmetric) electron charge distribution. Such a formula is derived
in Appendix 1, where it is presented for the record as Egn. (2A).

Employing the Fermi-Thomas model, the WKB transmission
probability is easily calculable by numerical integration (via
personal computer), with results as presented in Figure (6) for
various incident deuteron energies in the critical range between 16
kev and 327 kev. We observe that the transmission probability is
essentially zero for smaller energies, which hereafter will

therefore be neglected.
= P S O S R T T e e e e T e — e e i PR TR

Put figure (6) about here.

If we take T(E>327 kev) = 1, then the cumulative fusion
probability, P,, for E,=3.27 mev exactly, and for other E . >1 mev
approximately, is given by:

16 kev
i i A g = 19
pe=0.018- [ T(E’)[dE]dE 0.356 (19)

327 kev

using the expressions for R(E}, T(E), and dQ/dE developed above.

The fact that the cumulative fusion probability eguals 0.356
for almost any trigger deuteron of energy greater than about 327
kev, in combination with the fact apparent from Table 1 that all
pessible D/D fusions produce at least 3.27 mev, means that a 327
kev deuteron trigger on.the average will yield an expected fusion
energy of at least, 3.27 x 0.356 = 1.16 mev.

But on reflectien it will be apparent that the cumulative
fusion probability, P, is actually the probability that there will
be one or more, fusions in a chain initiated by an initial trigger,
and there will-therefore be a greater expected total energy vield.

The first fusion may produce a subsequent second fusion, and
that in turn yet a third, and so on in a chain of possible
subsequent fusions. Thus there is a small but finite probability of
triggering a fusion chain reaction. Using a large number of
triggers simultaneously would have a correspondingly greater chance
of initiating multiple such chain reactions with correspondingly
greater energy releases. More about these possibilities will be
considered subsequently.

But first, one might be tempted to imagine that an initial (as
well as a succeeding) trigger, if not successful in producing a
fusion, might transfer by collision a significant fraction of its
kinetic energy to another deuteron that in turn might then produce
a fusion with yet another deuteron. But regrettably, the average
energy transferred by collision without fusion is insignificant.
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The mean energy transfer in such a collision is given by?2

_2ne’ b1 20
AE 5 ln[ mn(E)] (20)

where 8,;.(E) is the minimum angle for Coulomb scatterlng, deter-
mined by the shielding radius, r,, as given by

0. (B =2sin|—B (21)
21,2 E

Using eqn. (21) calculation discloses that the average energy loss
in a non-fusion D/D collision with a 327 kev trigger is only 2.042
x 1072° ergs; and it becomes progressively(smaller at higher
energies. Transfers of large quantities of energy by fusion-less
collisions of deuterons on the average may thus be neglected. It is
sufficient to consider only the deuteron=trigger energy loss, as
heretofore, by bound and free palladium‘electrons, and to restrict
consideration of D/D collisions to those producing fusions.

There are, however, a variety.of p0531b1e seoondary'quLons to
consider following an initial (D-+. D} fusion. In particular, there
may be subsequent e + D), qp.+D}, & (T + D} fusions; there
might even be (np + D} fusions« Most of these possibilities
eventually yield ‘He and gammas as byproducts; so any experimental
verification of these posgible nuclear reactions should search for
these end-products.

But the potential value of all these secondary reactions is
that they might lead &6, and be involved in, possible chain
reactions initiated by a deuteron trigger particle (which itself
may have been enexgized by some other kind of high energy natural
or artificial trigger mechanism). There are two possible (D + D)
chain reactions?

+3.27mev +18.4mev +5.49mev +18.4mev
D+D—F3He+D41+D*3H3+D49+D4etc. ol 2

‘He -y +?He

. 4 D s + D=+ DN+ D>+ atc. . .
' d +4He -y

In the preceding diagram, the ends of the individual fusion

reactions are noted by the vertical line segments, at the bottom of

each of which is shown the second product of that particular

reaction. The first product of each such reaction is then shown as
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interacting with another deuteron, thus continuing the particular
chain of fusion reactions.

Although these two chains both derive initially from the first
nuclear reaction of Table 1, a little thought will demonstrate the
same two chains will also develop from the second branch, D+D-+T+p.
As is apparent from Table 2, significant energies are released by
the alternating nuclear reactions of both pairs of chains.

Table 2: Selected Deuterium Fusion Reactions
PRIMARY BRANCH ENERGY (E_ )}
REACTION PRODUCTS RELEASE (MeV)
‘He + D - ‘He + P 18.4
n+0bD- T + gamma 6.26
T + D ‘He + n 17.59
p +D - 3He + gamma 5.49

Of the two pOSSlblE chains triggered by a D+D fusion reaction
(yielding either the IHe+n or p+I' branches, but both resulting in
the same two chains of alternating secondary nuclear reactlons as
noted previously), only that .one involving the alternating He+D
and p+D reactions would appear.to be likely in deuterium-saturated
palladium. The other chain .involves neutron fusion reactions. Since
the neutron cross section of palladium is some 10,000 times greater
than that of deuterium (7 Parns versus 0.5 millibarnes, respective-
ly 4) any neutrons released are far more likely to be absorbed by
the palladium nuclei) than by the deuterons, corresponding to a
comparably small-probability that the second chain reaction would
persist.

The guestion thus becomes, what are the probable lengths of
the more likely alternating JHe+D and p+D fusion reaction chains?

To answer this question it becomes necessary to calculate the
probability density distribution for the number of possible fusion
events in both chains diagramed on page 11. Let Pg(n) be the
probability that there are exactly n such fusions in one of the
chains. And let us first consider the chain beginning with the
branch d+d - JHe+n.

Egqn. (19) gives the cumulative probability of a d+d fusion
event as 0.356; let us designate this probability as P,;. By
substituting the proper values of mass, M,, and potential, V,, in
the formulae leading to egn. (19) (but assuming the same shielding
radius, r,, applies to all; it may be shown that the corresponding
probabilities for p+D and “He+D fusions are given, respectively, by

P, = 0.203 and P; = 0.295.
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It should be noted in passing that all fusions are considered
to involve at least one deuteron. The probabilities of fusion
reactions not involving a deuteron are negligible, as the concen-
trations of other potential fusion partners are extremely small
compared to the deuterium concentration within the palladium
matrix. Even if one were to operate a "cold" fusion generator at a
one megawatt power level (see discussion below), the concentration
of deuterium atoms in the palladium would still be some ten
thousand times greater than other possible fusion-generated
byproduct elements, as attested by column four of Table 1.

Whereas the probability, P,;, of a D+D fusion is 0.356, the
probability of a single such fusion with no subsequent chain
reaction fusions is given by Pg(1) = Pge [1-P;]- Similarly, the
probablllty that there are exactly two fu51ons in the chain is
given by P,(2) = Py Py '[I-P ]. By mathematical induction it is
easily proved that, 1n general

n (n-2)

Bimy=BpE o, * cl1-2], neven
An-1) (n-1}
=psP, ? R o n odd

{22)

The average number, 7, of fusdions in the chain initiated by a
single deuteron trigger is given by:

2: ‘P,(n) (23)

=1

This sum convergesqvery rapidly, and only the first four or five
terms are significant. Calculations show that, for the fusion chain
initiated by thé d+d = °He+n branch: Pe(l) = 0.251; P,(2) = 0.084;
P,(3) = 0.015; "Pyf4) = 0.005; and P,(5) = 0.0009. Figure 7 pictures
these probabhlilities for the first six possible fusions in the
chain. The corresponding expected number, 1, of fusions in the
chain so initiated is 0.6.

e P R e e P e R T = s
Put figure (7) about here.
: ,

The average number of fusions to be expected when the chain is
initiated by the d+d = T+p branch is calculated to be 0.365.

If we restrict ourselves to the JHe+n branch for the moment,
the average energy of all the fusions in the chain triggered by a
single deuteron is given by replacing n in the sum of egn. (23) by
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E(n}, where E(1) = 3.27 mev and E(n even} = 18.4 mev and E(n odd)
= 5.49 mev thereafter, as diagramed on page 11. Evaluating the
resulting sum, if we initiate the chain with a single 300 kev
deuteron, we may expect to realize about 2.6 mev of energy,
representing almost a 9-fold return on the initial trigger energy.
This expected return would have to be reduced by generator
efficiency, but the calculation demonstrates that triggered "cold"
fusion should be capable of producing surplus power.

In principle, it should be possible to feedback part of the
energy thus generated to permit continuing triggers. If there were
an overall 25% power generation efficiency, it would still be
possible to feedback 300 kev of energy per trigger deuteron and
have a residual 300 kev of net generated energy per trigger
remaining after feedback. The feedback loop could be controlled to
permit a gradual and safe build-up of power to substantial amounts.
Thus practical power generation with triggered "celd" fusion would
appear to be mathematically possible with the various assumptions
made heretofore.

ITI. Conclusion

In summary, “cold" fusion is tri%gered-hot fusion. Convention-
al cold fusion experimental results are readily explicable on
the assumption of exogenous triggering by cosmic rays (including
solar-wind and sun-spot particles), adjacent radiocactivity, or
other external or superficial /epergy sources. Electrochemical
experiments should be reviewed to _identify possible triggers. The
nonreproducibility of such experiments should then reflect the
stochastic or chance nature’ of the particular triggering. For
example, cosmic ray showers'of extended duration and of different
intensities could acceunt ‘for the variation in both duration and
intensity of the resulting triggered "cold" fusion.

The function of the palladium in such experiments is three-
feld: (1) its boundrand free electrons attenuate the energy of the
trigger and triggéred particles (that is, both initial and fusion-
generated) to, the range where their corresponding collision cross
section (enhanced  over that of gaseous deuterium) becomes large
enough to sustain fusion; (2) it facilitates the internal diffusion
of deuterium;“and, related but as yet unproved, (3) its enhanced
electron-screening improves the Coulomb-barrier transmission or
penetration probability.

Artificial triggering may permit the practical generation of
significant amounts of power, employing feedback both to supply the
required continuing triggering energy and to control the level of
power generation. Perhaps as much as half the total power thus
generated might be needed to continue the artificial triggering,
but the other half would be available for practical use.

The foregoing theory, supporting the concept of triggered
"cold" fusion, may be tested experimentally. If verified, it could
introduce a new era in power generation.
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Appendix I

ELECTROSTATIC POTENTIAL CF A SPHERICALLY-SYMMETRIC DISTRIBUTION
OF NEGATIVE CHARGE SURROUNDING AN EQUAL POSITIVE POINT CHARGE

Imagine an atom to be represented by a point nucleus of
positive charge, Ze, at the center of a spherical volume of equal
and opposite (i.e. negative) total charge, =-Ze, distributed
continuously about the nucleus in a possibly layered but spherical-
ly-symmetric cloud of charge density, p(s). The spherical electron
cloud may or may not be hollow, with outer radius, s,, and inner
radius, s;, (this latter possibly being zero).

The electrostatic potential of this idealized atcmic model may
easily be calculated by imagining the electron cloud to be composed
of concentric spherical shells of differential thickness, ds, each
of which contributes differentially to the total.spotential, V(r),
which may then be obtained by integrating over s.

Fig. 8 portrays one such
spherical shell. We calculate
the potential upon a unit
positive charge situated a g
distance, r, from the nucleus //g/
of the atom. In so doing we
must exercise care as to the
algebraic sign of the poten-
tial: outside the shell the P
sign is positive, indicatings=
the positive test charge
would be attracted toward the
center of the shell. But in- Fig. B Spherical 8hell Geometry
side the sign must be /hega-
tive, as the test positiwve charge would be attracted away from the
center.

As the net charge of the positive nucleus and of its surround-
ing equally charged but negative electron cloud is zero, we can
foresee that the.‘electrostatic potential outside the shell must
also be zereo, “in accord with the integral form of the divergence
theorem.

Inside a particular spherical shell the potential is twice the
Coulomb potential of an equal positive charge alone located at the
center of the shell. To prove this fact, consider a single
spherical shell of charge -Ze centered on an equal positive charge
located at the origin. As shown by Fig. 8, let r be the radial
distance from the positive charge, Ze, located at the center of the
spherical shell of radius s, whereon the charge density is given by
p = -Ze/4n52. If we consider a narrow circular ring of charge on
the shell (centered on the radius vector, r, drawn to a unit
positive test charge) of width s-d¢ and ring-radius s-sin¢ (where
¢ is the angle between r and the shell radius connecting the ring
with the positive charge at the origin), the potential seen by the
unit positive charge inside the shell is given by:
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V= zetls 1] 2 uddh 3 (13)
yré+s?-2rscosé¢

If we substitute x = cos¢ and simplify, it will be seen that
the term containing the integral is precisely equal to 1/r. Hence
the electrostatic potential inside the spherical electron shell is
indeed precisely twice the Coulomb field of the nucleus alone.

Qutside the shell the sign of the integral term must be
reversed. The integral is then equal to -1/r, and as predicted the
net electrostatic potential everywhere outside, given by eqgn. 1A,
is zero.

Consider next that the electron shell of fig. 8 possesses a
differential thickness, ds. If p(s) is the volumetric charge
density of the spherical shell located a distance s from the
centeré then the differential charge of the sheéll is given by
dg=4ns‘p(s)ds. The integral of this differential~charge over the
entire electron cloud is, of course, Ze, ‘and its potential
contribution follows the same sign convention as noted before. Thus
we see that the potential experienced by a unit positive charge,
distance r from the point nucleus, generated by the entire electron
cloud, centered upon the nucleus of equal but opposite charge, is
given by:

y

vir) = Ze{l 4u[fszp(s)ds fszp(s)ds]} (23)

1n which p has been normalizé&d by factoring-out the coefficient,
Ze?.

Egqn. 2A gives the électrostatic potential anywhere inside the
outer limit, s,, of the’electron cloud surrounding a nucleus of
equal but opposite .charge, Ze. For r2s, the potential is o0,
corresponding to total electronic screening.
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o No resfonse Necess '},:_,l

Sorge Cuilis ﬁpews()%

K'T:TORNEY AT LAW
7804 OLD CHESTER RCAD. BETHESDA, MARYLANMND 20817
TELEPHONE 301/320-3431

March 13, 1991

Dr. Edmond Storms

Los Alamos Nat'l Laboratory
Mailstop C-348

Los Alamos, NM 87543

Dear Ed:

As we discussed by telephone earlier this week, at a recent meeting Walt Polansky
suggested he might be receptive to a cost-sharing proposal from you and your colleagues there
at Los Alamos to test my Cold Fusion "screening" theory experimentally. By "cost-sharing” Walt
means that half the proposed expense would be covered by the Los Alamos Director's
discretionary funds with the other half supported by DOE"s Advanced Energy Projects Division.
Walt told me he recently discussed such a possibility, if somewhat indirectly, by telephone with
laboratory management at Los Alamos. Apparently.there is possible funding for such a proposal,
provided you prepared and supported it and thatthe proposal itself was well done.

' I previously had written Secretary Watkins about supporting the experiment. He in turn

S referred my letter to Dr. Polansky who informs nie that DOE, in accord with the ERAB Cold
Fusion Report, is "sympathetic toward-maodest support for carefully focused and cooperative
experiments within the present funding system. " By "modest” I believe a $330K proposal ($280K
for you and $50K for me), with'$165 coming from DOE headquarters would fill the bill.

Walt Polansky also encouraged me to enquire of you if Los Alamos might fund my
presentation of a seminar there on my new theory. Were you to do so we could better coordinate
my input to your proposal, ‘were you thereafter to decide to prepare one. Don't forget, George
Chambers and his colleagués at NRL (who have also reviewed my theory affirmatively) stand
ready to provide (under subcontract) encapsulated deuterium-impregnated palladium foils, should
vou so desire.

I was very encouraged by your report that experimenters elsewhere are acquiring evidence
which appears to support my two-phase screening theory. Hopefully we can propose and conduct
our own experiment which will both confirm the existence of the hypothesized "screening
regions" and also the possibility of directly initiating phase two fusion, as I have proposed in my
patent application.

Sincerely,

2
/‘-’;—’J}-—:—-""“———--

George C. Sponsler
\\ic: W. M. Polansky
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Mr. George C. Sponsler
7804 Cld Chester Road
Bethesda, Maryland 20817

Dear Mr. Sponsler

Your letter of January 14, 1991, to Admiral Watkins, Secretary of Energy,
regarding your cold fusion theory has been referred to me for reply.
Although technical details were not provided, you did estimate that
$150,000 would be needed to perform an éxperiment to test this theory.

The Department of Energy remains receptive, at a modest /scale and through
its regular funding process, to high-quality resedrch'proposals aimed at
understanding physical phenomena attributed to «cold fusion. If your
theory is based on sound, scientific principles and the proposed
experiment would be within the above policy onicold fusion research, then
you should submit a research proposal for| evaluation.

However, let me add a note of caution. “Our evaluation procedures for
research proposals include a comprehensive, technical peer review.

Before you proceed with the submission 6f a research proposal, I strongly
urge you to discuss the scientific and technical features of the
envisioned cold fusion experiment with a researcher from a local
university who has successfully secured funding on the basis of peer
reviewed proposals. An informal critique of your idea and its prospects
for funding from such a sou¥ce could be beneficial.

Please accept my best.wishes in your future endeavors.

Sincerely,

Walter M. Polansky, Acting Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16

ER-16:WMPolansky:Denise:3-3054:C:\wpdata\sponsler.wp:2-4-91
File Congressienal Lscanira

bec: ES/1, ER-622 ES#91-1054 ER#91-290 Due Date 2/1/91
ER-16 ER-11 ER-10 ER-61

0
WMPolansky LI ello \%S e¥ens Déayhew

2/ /91 2/4 /91 2e’s91 2/7//91



U.S. Department of Energy
Special Messenger Service

101330

Date and Time Requested 2/6/91 B:00AM
Organization E2~16
Number of Pieces 1
1. From: Sue Ellen Stottlemyer
To: Francis ﬁcran:, ER~622, 7A-140 Focreatal
2. From: 5
To: . Mﬂ_
3. From: : &‘ﬁvﬁ
To: . _ ﬂ‘%

4. From: 2 &

j £ ; &%

-
5. From: 4

Ko =

J'

Cnntact at Delivery Point: Frﬂtﬁﬁ{;“rnm TA-140 6-5229

Nameofﬂequestnrmd@“ Ellen Stottlemyer 3-5995

Messenger:

Remarks: @
S ES#91-1054

ER#91-290
Due Date: 2/1/91

NOTE;: Classified Materizl MAY NOT Be Moved Thru This System.
Return Completed Form (o Dispaicher Upon Completion of Run.



R

Department of Energy
Washington, DC 20585

FEB 6 1991

Mr. George C. Sponsler
7804 0ld Chester Road
Bethesda, Maryland 20817

Dear Mr. Sponsler

Your letter of January 14, 1991, to Admiral Watkins, Secretary of Energy,
regarding your cold fusion theory has been referred to me for reply.
Although technical details were not provided, you did estimate that
$150,000 would be needed to perform an experiment to test this theory.

The Department of Energy remains receptive, at a modest Bcale and through
its regular funding process, to high-quality research,proposals aimed at
understanding physical phenomena attributed tos cold'fusion. If your
theory 1s based on sound, scientific principles ‘and the proposed
experiment would be within the above policy on cold fusion research, then
you should submit a research proposal for evaluation.

However, let me add a note of caution.’ Our evaluation procedures for
research proposals include a comprehensiwve, technical peer review.

Before you proceed with the submission of a research proposal, 1 strongly
urge you to discuss the scientific/and technical features of the
envisioned cold fusion experiment with a researcher from a local
university who has successfully secured funding on the basis of peer
reviewed proposals., An informal critique of your idea and its prospects
for funding from such a sourgé could be beneficial.

Please accept my best wishes in your future endeavors.

Sincerely,

(VAP —T)‘,L_.j.ﬁ,

Walter M. Polansky, Acting Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16
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Genrge G. SPcmsler
7804 Old Chester Road
Bethesda. Malylﬂn& 20817

January 14, 1991

Hon. James D. Watkins

Secretary, U.S. Department of
Energy, 7A-257

1000 Independence Avenue, S.W.

Washington, D.C. 20585

Dear Mr. Secretary:

During the past year I have been working on & theory to explain cold
fusion. My theory has been favorably reviewed by scientists at Los Alamos
and the Naval Research Laboratory, and I have applied for a related patent.
The theory hypothesizes the existence of.@ particular physical phenomenon
which is subject to a definitive experimént.

Regrettably, because of budgetary limitations, J have been unable to
secure funding te conduct that experiment. Dr. Walter Polansky, DOE's acting
director of cold fusion projects, tells me that the needed money probably could
be made available, if a guarantee-could be made of a probable successful
result. Of course such a guarantee is impossible, given the uncertain nature of
all R&D experiments. But -the hypothesis would appear to explain the
ambiguities encountered by other experimenters.

The probable benefits would more than outweigh the risk of experi-
mental failure. Could'you make available from your discretionary funds the
$150,000 needed to permit the Naval Research Laboratory and me to
undertake the needed experiment?

To iutroduce myself T would refer vou to my biographv in Who's
Wheo: Should you wish a personal reference, I would suggest Senator Simon,
whom'] assisted several years ago as a Congressional Fellow.

Sincerely yours,

George C. Sponsler

cc: Senator 34 ot 3t W12 33
Dr. Polansky & - =




f 4 wﬁ‘;jﬂ) GF

ROUTING AND TRANSMITTAL SLIP Date: 01/17/91
TO: INITIALS DATE
1. Don Stevens, ER-10

2. Lou lanniello, ER-11

|
I
I
|
|
3. [
1
|
I
I

&

3.
| Action | | File | Note and Return
| Approval | | For Clearance | Per Conversation
| As Requested | | For Correction | Prepare Reply
| Circulate | X|] For Your Information | See Me
| Comment | | Investigate | Signature
| Coordination | | Justify | 3

REMARKS o

& 4

RE: Attached letter fq W\ N
. 9 o

% -

I told Mr, Sponsler funding for this research would be "difficult, but
not impossible," and encouraged him tg, collaborate with LANL.

I also mentioned that, in the ab{._g‘.éffi&’% of reproducible experimental
results that show “some effect,qgf{?vﬁtbé%retical investigation on this
controversial subject may be ﬁe\i%d “d4s a 'fishing expedition.'”
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|
| |__G-349
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7804 Old Chester Road
Bethesda, M.:.:_»}rldnd 20817

January 14, 1991

Hon, James D. Watkins
Secretary, U.S. Department of

- Energy, 7A-257
1000 Independence Avenue, S. W,
Washington, D.C. 20585

Dear Mr. Secretary:

During the past year I have been working on a theory to ‘explain cold
fusion. My theory has been favorably reviewed by scientists at'Los Alamos
and the Naval Research Laboratory, and I have applied for.a related patent.
The theory hypothesizes the existence of a particular. physical phenomenon
which is subject to a definitive experiment.

Regrettably, because of budgetary limitations, I have been unable to
secure funding to conduct that experiment. Dr, Walter Polansky, DOE's acting
director of cold fusion projects, tells me thatthe needed money probably could
be made available, if a guarantee could. be made of a probable successful
result. Of course such a guarantee is impossible, given the uncertain nature of
all R&D experiments. But the hypothesis would appear to explain the
ambiguities encountered by other experimenters.

The probable benefits would more than outweigh the risk of experi-
mental failure. Could you make available from your discretionary funds the
$150,000 needed to permit the Naval Research Laboratory and me to
undertake the needed experiment?

To introduce myself I would refer you to my biography in Who's
Who. Should you wish a personal reference, I would suggest Senator Simon,
whom I assisted several years ago as a Congressional Fellow.

Sincerely yours,

e P A

George C. Sponsler

e

\ cc: Senator Simon
Dr. Polansky
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COLD FUSION THEQRY
by
George C. Sponsler’

"l say not that it is, but that it seems to be; as it now

seems to me to seem to be.”
Hubert Alyea, former Professor of

Chemistry, Princeton University

It is well known that the local electrostatic potential, V, of a perfect crystal
lattice, to a first approximation (as seen by an absorbed deuterium atom), is spherically
symmetric about the center of each palladium.atem and roughly resembles a shieided

Coulomb potential®:

- (1,
V=z"szeexp(—r/rD) (1)

where Z, (=1) and Z, (=46} are the atomic numbers of deuterium and palladium,
respectively; r is the radial'distance from the center of a particular palladium atom; r,
the {radial) screening parameter; and e the electronic charge.

The total electrostatic potential resulting from all the atoms in the lattice is just
the sum of the potentials caused by each (jth} atom:

V=Ej Vir-r,) (2)

In a perfect crystal Vis periodic, in the sense that it is unchanged if r is displaced by

any integral multiple of the basic lattice vectors.
In considering cold fusion | shall be more concerned with individual deuterium

! president, Law Mathematics and Technology Incorporated,
7804 0ld Chester Road, Bethesda, Maryland, USA, 20817.

2 Bohm, D., Quantum Theory, Prentice-Hall, N.Y¥. (1951)
pPp. 240, 519,




atoms absorbed within a palladium matrix, rather than with the crystal lattice per se.
More particularly, | shall focus upon the mutual scattering of diffused deuterium atoms
within the palladium, each with a screened Coulomb potential given by the following:

Vf%_iexp(—:/ro) (3)

_e_tﬂ_s_ As wull be shown Iater, thls screemng reduces the average scattermg Cross
section, and correspondingly increases the mean free path of hydrogen and deuterium
absorbed within the palladium, explaining the ease of diffusion therein which so
characterizes their behavior.

| further hypothesize that in a very few places these screening regions are so

intense th fectively, th mpletel ncel mb repulsion barriers of an
oms which ha I rein. This hypothesized effective
cancellation of the deuterium Coulomb barrier may actually be accomplished by one
or both of two mechanisms: (1) an almost total reduction of the barrier accomplished,
presumably, by a concentration of outer-orbit palladium screening electrons; or {2) by
a partial such reduction accompanied by the-existence or appearance of quantum
resonances which enhance the probability of . pénetration of the remnant barrier.

Within these latter few regions,.if the concentration of the absorbed deuterium
is high enough, two deuterium atoms/may meet by chance and fuse, thus explaining
the uncertain cold fusion behavigr abserved experimentally.

The energy released’ by that fusion may then initiate a subsequent chain
reaction of further fusions, provided the diffused deuterium density is again sufficiently
great. | imagine this chain reaction as ceasing spontaneously after the deuterium
density falls below a critical or threshold value. | thus envision the entire cold fusion
process as occufring in two consecutive regimes: {l), an initial, perhaps prolonged,
quiescent regime terminated by a chance or stochastic fusion event {which may also
be triggered, as'discussed later) within one of the screened regions; followed by, {l1),
a self-terminating chain reaction regime.

That the screening of the electrostatic Coulomb potential by the more intense
hypothesized regions, {which permit the spontaneous fusion of two absorbed
deuterium atoms that terminates the first regime, regardless of whether either or both
of the two suggested mechanisms actually exists), must be practically total is easily
demonstrated mathematically by considering the quantum tunneling through a
rectangular potential barrier of height V, and width a. The probability that an incident
deuterium atom of energy £ penetrates such a barrier, according to Rojansky?, is given

3 Rojansky, V., Introductory Quantum Mechanics, Prentice-Hall,
N.Y. 1950, p.216.



Vesinh?a/ (2m,/%?) (V,-E) (4)

] e 8
4E(V,-E)

TE= {1 +

in which the penetration probability is given by the transmission coefficient, 7; m, is
the mass of the deuterium atom; and A4 is Planck's constant divided by 2x.

If we evaluate eqn. 4 for representative values of the various parameters {(e.g.
V,=4.5x10° ergs, £=6x10"* ergs, corresponding to 15° C or room temperature) and
ask what is the transmission probability, T,, for narrow potential barriers, we find that,
ifa=10" cm, or only 1 fermi, the corresponding 7,=.002. In other words, the effect
of the presumed shielding must almost be to remove completely th lomb repulsion
between the two fusing deuterium atoms! Figure 1, below, graphs the square-well
transmission probability on a semi-log scale for a range of potential barrier widths, a,,
between 107° and 10" centimeters {where T.£,is T, in MathCAD symbolism) at 0°
C.

Once a single fusion event is initiated,
if there is a sufficient density of deuterium 1P T
within the palladium, some of the energy i
released may be transferred to other deuteri- | 1.E R .
um atoms nearby. Their resulting excited " P 4 i
energy may permit them to fuse thereafter R ;
by quantum tunneling, even in the absence AR
of screening. But such subsequent fusion 8 RS
might also, indeed may necessarily, 'be 13‘1‘3 b " -
mediated by {and while within), the other
!ess intgnse, but far more numerous, screen- Figure 1: Transmission Proba-
ing regions. If a sufficient amount of the pijity
energy released by a fusion event is trans-
ferred at each stage to-yet other deuterium
atoms, causing them to fuse in turn, the resuiting chain reaction would be maintained
as long as the deuterjum density within the palladium were sufficiently high. When this
"threshold™ became greater than the residual deuterium density, the chair reaction
would stop.

The chain reaction of regime Il might also be effected by the type of fusion
reaction actually encountered therein. | presume the initial fusion event, terminating
regime |, must necessarily be a deuteron-deuteron reaction. But the by-products of
that reaction may include a proton or a neutron which in turn, by some unknown
reaction, might then further react with other absorbed deuterium atoms to produce the
needed chain reaction. But the thermal chain seems more likely, with the reaction by-
products, whatever they may be, serving to transmit the binding energy released by
the fusion to the subsequent reactions,

What might these hypothesized screening regions actually be? Classically, were
it possible for n electrons to be held closely together with a single proton, the resulting




e

net (negative} electrostatic field would be that of {n-7) electrons; the {positive} proton
field would be screened out by the electrons. Quantum mechanically, the situation is
far more complex. But | hypothesize that some such phenomenon is just what takes
place within the palladium, permitting the cold fusion of two deuterium atoms which
by chance find themselves in close proximity to each other within such a screening
region. Indeed, an imbalanced electron cloud concentration might even result in such
a screened region actually attracting to itself a second thermal deuteron nucleus,
thereby enhancing the probability of its fusion (by quantum tunneling) with a first
deuteron nucleus allready contained therein.

There are various possible physical explanations for these hypothesized regions.
They might simply be heretofore unrecognized characteristics of the palladium crystal.

A recent issue of Science* tells of "Clusters”, small groups of atoms which
display unusual solid state properties. "In bulk materials, electrons can move freely in
any direction, but in clusters they are confined to a space that is only a few atom
widths across."® Clusters, or some similar palladium crystal imperfection, may explain
the screening of deuterium by palladium. Palladium does demeonstrate cluster behavior
{indeed, a photo in the same article shows "Patchwork, Palladium, an electron
micrograph reveals tiny grains in cluster-assembled®].” Such clusters might be spread
throughout the palladium lattice, each containing.one or more regions in which the
constrained palladium electron "cloud" screens the Coulomb charge of any deuterium
atom which finds itself in such regions. The "constraint” effected by the cluster might
concentrate the electrons in the vicinity of‘the'deuterium nucleus, thereby effecting
cancellation, which is not observed at such Close quarters in "normal” nuclear
screening where the electron orbits are far removed from the screened nucleus which
holds them in orbit. Of course, these clusters may not be responsible for the
hypothesized regions which might.also result from unknown properties of, or
impurities within, the palladium‘crystal .

Cold Fusion Probability:

Regime | :

During a brief interval of time, ét, the (differential}) probability, P, of a single
cold fusion event,within a particular screened region is equal to the probability that
two deuterium_ atoms ‘collide within a screened region (that is, at a point where the
deuterium Coulomb barrier pot=ntial is effectively negated by the palladium electrons)
as given by equation 5, in which p, is the deuterium particle density (number of atoms
per cc} within the palladium; ¢ is the mutual scattering cross section of the deuterium
atoms within the palladium {where the subscript, r,~0 means the value thereof as the

4 nclusters: Strange Morsels of Matter", Science, Vol. 248, 8
June 1%90, p. 1186.

5 14.

Td at 1187.
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Pe = _pdoro—uax
Where
_ lénmielr t (53
UIa*U - 1'!4

screening radius, r,, approaches zero, i.e. complete screening)’; m, is the mass of a
single deuterium atom; e is the electron charge in esu; 3 is Planck’'s constant divided
by 2rn: and éx is the average length of an arbitrary deuterium atom trajectory
intercepted by the region wherein the screened potential is effectively zero.

As we do not know the shape of the region we cannot calculate éx (as we
could, for example, were the screened region spherical and if we also knew the value
of r,). But we can estimate that éx probably is less than the diameter of a palladium
atom {~10%cm) but greater than the diameter of a palladium nueleus {~107"?cm), with
the smaller value being more likely.

The probability, P, that one or more spontaneous ¢old fusion events occur
within a total velume of palladium, V,, is given by:

P, =1 -[1 - AR (6)

where p, is the screened-region density {number of regions per cc} within the
palladium.

To approximate the time-dependence ofithe probabilities ,P,and P,, | assume the
particle density {or concentration} of the deuterium absorbed within the palladiumrises
exponentially from an initial zero value, approaching the deuterium concentration, p,,,
in the surrounding electrolyte.asymptotically, in accord with:

P4 = Pasll — €t (7)

where t, is the relaxation time-constant characteristic of the build-up of absorbed
deuterium within the palladium.

It is impartant t0 realize that neither P, nor P, are cumulative probabilities;
rather, they are'both differential probabilities of collision (and hence of fusion in a
completely screened region) of two deuterium atoms within some brief interval of
time, say 4t. Their apparent time dependence merely reflects the assumed growth of
concentration of the absorbed deuterium within the palladium,

Nevertheless, formulae 5 & 6 are still highly instructive. Figure 2 illustrates the
time dependence of n,, P, and P, (where, once again, MathCAD has introduced the
dummy array subscript /) for certain assumed values of the associated parameters
{namely: r=10"cm; p,=10% per cc; 6x=10""cm; V,=10° cc; and p,=10 per cc}):

7 Taken from Bohm, op cit, egn. 35, p.537, (multiplied by an
additional 4m sterradians, representing integration over
the full solid-angle sphere).

o
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Figure 2: Illustrative Time Dependence for Assumed Parameters

The third graph shows that the overall probability, p,, that at least one fusion will
occur somewhere in the volume, V,, approaches unity slowly andasymptotically, with
a 50/50 chance about eleven hours after initiation of electrolysis {for the assumed
parameters). Such behavior is typical of experimental results, It implies that the actual
concentration of "total” screening regions is small, comparable to the assumed value
(i.e., a few per cc), but that a cold fusion ewent ‘eventually will occur, if the
experimenters are patient {again characteristic of actual experiments), and if one of
the relatively scarce "total™ screening-regions happens to be present in the volume.

Indeed, the equations are very sensitive'tg the values of all the parameters, the
examples given here are only illustrative.

| have noted previously that the hypothesized palladium screening regions may
also account for {or at least contribute to} the experimentally observed ease with
which hydrogen (and deuterium) diffus€s through palladium. The explanation is simply
that the overall effect of all the sereening regions is to increase the average mean free
path of the hydrogen absorbed within the palladium. {The seeming tautology arises
because the mean free path of the hydrogen within the palladium differs at points
within and without of the screening regions, which are also, presumably, of differing
strengths). \

in terms of the hydrogen {or deuterium) particle density, g, and of the {angular)
scattering cross section, o, the mean free path, /, is given by:

l=i ‘3)

POqg

where, according to Bohm?:

8 Bohm, op cit, p. 537, ean. (35).

6



am? (Z,Z,) %et
Og = . {9}
{ap?sin?Q/2+%%/r 2)?

in which m is the mass of the hydrogen {or deuterium} atom, Z, is the atomic number
of the hydrogen (or deuterium) atom , Z; is the atomic number of palladium , e is the
electronic charge in esu, £1 is the scattering angle, 3 is Planck’s constant divided by
2x, and p =(2mE_}" is the hydrogen (or deuterium} momentum in terms of its energy,
E,, and r, is the effective radius of a screening region.

From (9} we observe that the angular scattering cross section increases with
the squares of both the mass and the atomic number of the diffusing particte, which
explains why only hydrogen and deuterium diffuse with such relative ease through -
and, by this same mathematical model, are capable of fusing within - palladium. We
also note (as previously discussed with regard to equation 5, above) that as r,~0 the
craoss section rapidly approaches zero, with a correspondingly increasing mean free
path, showing that the effect of the screening regions is 1o facilitate the diffusion of
hydrogen {or deuterium) through the palladium.

Regime ||

The second regime is introduced by a spaontaneaus fusion event within some
{(effectively total} screening region, marking the end of the preceding regime |. A chain
reaction of succeeding fusions will follow, if sufficient enerqy is transferred between
successive fusions to maintain a continuing reaction, {or if some other as yet
unidentified nuclear reaction produces a chain reaction via its fusion by-products). That
is to say, to sustain the regime Il chain-reaction sufficient energy must be transferred
at each successive stage to permit the ‘deuterium atoms of the succeeding fusion
eventis} to penetrate their mutual Coulomb electrostatic repulsion barriers. By now

rtially screening th rrierpotential between pairs of deuterium atoms fortuitousl
located within them, the hypotheSized screening regions, may reduce the repulsion
potential sufficiently to permit mutual penetration and fusion by the excited deuterium.

For this reason, itis.more likely that a chain reaction could be initiated among
deuterium atoms absorbed within palladium more easily {or perhaps at all} than would
be possible, say, in a deuterium gas.

The screening r2gions are thus seen to facilitate both the initia! spontaneous
fusion ending regime [ (via a comparatively rare total screening region} as well as the
chain reactions of regime il {via the more common partial screening regions).

The binding energy which is released by each fusion event is the source of the
subsequent energy needed to continue the chain reaction. It's magnitude depends
upon the particular nuclear reaction involved. But even with quantum mechanical
tunneling, a substantial fraction of the peak Coulomb repulsion potential (typically on
the order of 45x10° ergs or about 28 mev, since 1 mev = 1.59x10° erg} would be
required to maintain the chain reaction during regime |l. {For comparison, such
tunneling permits alpha particle emission from Uranium with energies on the order of
6.6x10° ergs). The excess energy released would appear as heat and could be
extracted for electrical power generation.




Born® gives a table of artificial nuclear transformations which shows that,
conventionally, when deuterium bombards deuterium, the products are either tritium,
T, and a proton, H, or ,He” and a neutron, n. Cold fusion experimenters claim to have
found both neutrons and tritium, which indicates these are the actual reactions
involved.™

About 4 mev would be released by either of the two permitted fusion reactions.
As with the alpha particle emission comparison, 4 mev might be enough to permit
quantum tunneling, and subsequent fusion, of pairs of deuterium atoms even gutside
a screening region {with, as noted above, presumably a greater probability within a
screening region}. The resulting fusion would release another 4 mev {with a total 8
mev thereafter available) which would permit continuation, and spreading, of the chain
reaction until the deuterium concentration fell below the hypothesized required
threshold level.

Although it has not been observed, | suggest that at thermal energies He® might
also be produced by the initial {regime I} fusion event. Because the energy of the
parents of a fusion must be greater (by the binding energy) than the sum of the
daughters' energy’’, it follows that two deuterium atoms, at near thermal energy
thecretically could fuse into a single helium atom {but the latter without externally
supplied excitation energy could not decay spontaneously into two deuterium
daughters). About 22.3 mev would be released by this hypothetical reaction, an
amount which would substantially increase the probability of initiating or sustaining
a subsequent chain reaction, especially if intervening collisions were to dissipate some
of the energy before a succeeding fusion event:

The critical parameter for continuation‘of the chain reaction is the density or
concentration of the screening regions within the palladium: if the regions are too
widely separated, the fusion energy will dissipate {through collisions with the
palladium lattice) to the peaint.where insufficient energy remains to initiate fusion
anywhere {except by chance thermal collision within some total screening region, i.e.
a return to regime l}.

I model this seeond regime mathematically {if inaccurately, since | employ
classical rather than quantum mechanics) as follows.

The classicaleqguation for diffusion {read conduction) of heat in a homogenous,
isotropic solid is.given by'%:
where ¥ is the Laplacian operator, p is the density of the solid, ¢ its specific heat, and
K its thermal conductivity. In our application, the "solid" is the palladium crystal.

® Born, M., Atomic Physics, 4th Ed, Hafner Pub. Co., N.Y.
1946, p. 69.

10 According to Born, hydrogen and deuterium do not interact.
11 «.f. Scientific American, March, 1990, p.59.

12 carslaw, H. S. and Jaeger, J. C., (1950), Conduction of
Heat in Solids, Oxford, Clarendon Press, chapter 1, §6.

8
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| assume regime | is terminated by a single spontaneous stochastic fusion
reaction between two arbitrary deuterium atoms, resulting in the release of the
corresponding binding energy, B, at a single point within the palladium lattice. |
postulate (3/2)kv, = B, v, being the initial temperature at the point where the fusion
occurs and k being Boltzman's constant. | further assume local spherical symmetry,
in which case the Laplacian is a function only of the radius, r, drawn from the initial
point of fusion. The heat conduction equation then becomes:

2
dv K[dv+2 dV] (11)

dt dr? r dr

where ¥ = K/pc.
As Lord Kelvin first proposed, the solution of eqn. 11 far such an instantaneous

point source is given by":
v= B e—:*;‘ut {(12)
8pc(mnkt)3/?

This equation satisfies the requirements far a:Dirac 8 function, as it should for an
instantaneous point source.

Using equation (12), figure'3
illustrates how the average temperature 17
builds to a peak {after 6x10"'?seconds), | 6-18 :
and then drops off to a near zero‘value 7
(after about 10°"° sec) at a point 10°cm | y
from the initial fusion event:

Neglecting the/unlikely possibility
of transformation preducts of the initial 8
fusion event initiating subsequent fu- =
sions {e.g., by v, ,n", ,H', or ;He® some- -17 t -15
how reacting with ,D°), whether or not a 18 i 16
chain reaction of subsequent fusions will
follow this initial, spontaneous event will
be determined by: the concentration of
the deuterium diffused within the palladium; the transfer of the released binding
energy to nearby deuterium atoms in sufficient amount to permit fusion outside a
screening region by quantum tunneling; or by transferring sufficient energy to another
pair of deuterium atoms fortuitously located within a nearby screening region; or by

-
P
o

Figure 3: Temperature vs. Time

13 14, at 218.



the chance diffusion of another pair of deuterium atoms into the very region in which
the initial fusion event occurred.

Such energy transfer could be effected by collision of a fusion by-product with
another deuterium atom, or perhaps even by a phonon transmitted to the subsequent
deuterium atom through the palladium lattice. But the classic heat conduction equation
makes no such distinction, contenting itself with calculation of average temperatures.

To the extent the classical heat conduction equation is applicable, insufficient
heat would seem to diffuse to just the next atom (much less screening region)} to
permit a chain reaction. But the binding energy released at fusion actually appears in
the form of the kinetic energy of the by-products, not as a classical heat wave. Those
particles, in turn, must travel at least as far as the nearest palladium lattice atom
{~10* cm); hence, the average path must be somewhat greater, and a chain reaction
should be possible on the quantum scale, if the deuterium concentration is sufficiently
great.

The regime | release of the {(comparatively enormous amount of) fusion energy
might destroy the initial screening region itself. If other'sCreening regions were
required to maintain the resulting chain reaction, the released binding energy would
have to be transmitted to other deuterium atoms in an adjacent region. But if quantum
tunneling were the chain reaction mechanism, then the.energy would only need to be
transmitted to nearby deuterium atoms not necessarily located within a screening
region. Thus, particularly as the density of deuterium is presumably greater than the
density of regions, this fact would seem to argue in favor of quantum tunneling,
without the need of other screening regions, as the mechanism by which the
presumed chain reaction is maintained.

Proposed experiment:

But all such speculation is premature until it is known whether or not the
hypothesized screening regians actually exist. | propose to search for them experimen-
tally, using a molecular beam'to,make a sophisticated measurement of the angular
scattering cross section given by equation 9 above.

As r, in (9) approaches infinity (i.e., when there is no shielding) the cross
section becomes that of the (classical} Rutherford scattering taw:

__(Z,Zpe%)?
- EF - Q (13)
16 Ezsm‘E

As Bohm'™ points out, the complete agreement between the two for all angles of
scattering is a special property of the Coulomb law of force; the classical and quantum
results disagree for an arbitrary force law. To demonstrate the existence of the
hypothesized screening regions, we need only study the deviations of the experimental
cross section from the Rutherford law.

In general appearance, as shown by figure 4 (which assumes r,=10"%cm and

4 op cit, p. 538
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£ =3mev), the cross section for a shield-
ed Coulomb force, as a function of the

scattering angle, £, and as is characteris- _13
tic of the classical Rutherford cross sec- |5+ 1B -
tion, rises steeply with decreasing Q2 until
the two terms of the denominator in |
equation (9) become approximately equal |0 () d
at some particular value, 4, (in fig. 4 at d
about 5x10” radians, or about 0.03
degrees). For yet smaller angies the in- %,
crease in magnitude of the scattering 7]

cross section is comparatively small’, -4 Q .
Thus Q, may be regarded as a sort of

minimum angle, below which Rutherford 18 19
scattering ceases, as a result of shield- Figure 4: Deuterium Cross Section
ing, and shielding becomes predominant. per ynit solid angle.

The particular value of 2, depends upon

both the relative momentum of the scattering particlés and.upon the effective shielding
radius, r,, in accord with the following expression:

Q =2sin™ (W/3pr,) (14)

We can use (14} to gain an idea as to-the magnitude of r, at which shielding
becomes effective, namely, by evaluating-(14) for several values of r,, to see with
what 2, they correspond. Thus chogsing r, to be 107, 10®, and 10° cm, we see the
corresponding £, are 0.017,.0.172, and 2.057 radians, respectively, for thermal
energies near ¥ C.

To this point | have implieitly assumed that the screening regions were each
centered upon some palladium atom. This assumption may not be valid; the regions
might result from interaction of the absorbed deuterium atoms with the palladium
electron cloud in seme as yet unknown manner. Indeed, intuitively, it would appear
far more likely“that the hypothesized screening regions would result from local
concentrations ofthe palladium crystal lattice electron cloud, relatively far removed
from the palladium nuclei.

it would be most difficult with only a personal computer to calculate the
interaction of two deuterium atoms with the palladium electron cloud. This cloud is
actually the density distribution of the electrons, which is obtained by multiplying the
wave function, | ¢|?, for a definite quantum state by the charge, e, of the electron.’
A super computer might even be required to define the wave function in the related
multidimensional phase space. However, the hypothesized screening regions should

15 Bohm, op cit, p. 538
16 Born, op cit, at 141.
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be amenable to experimental verification by probing the palladium crystal with an
opposing pair of hydrogen or deuterium molecular beams.
Experimental pr re:

| propose to test the foregoing cold fusion theory by searching for the
hypothesized screening regions on which the theory is based. If the regions exist, the
theory is substantiated; if not, not. The experiment would be definitive,

The experimental approach | propose is to study the scattering of, first one and
thereafter two opposing, monoenergetic beam(s) of hydrogen or deuterium. | would
use single beams first to locate, and then to study scattering from, screening regions
centered on palladium crystal nuclei. To determine the existence of other regions not
so associated (e.g. created by or located within concentrated electron clouds), two
colliding beams would be employed. | would measure the angular scattering cross
section of the hypothesized regions for a variety of beam energies, foil thicknesses
(typically 5x10*° cm), impact locations, and palladium crystal compositions. (By
compositions | mean to imply a study of palladium foils_fabricated by different
procedures and manufacturers, giving emphasis to those with high cluster concen-
tration and to batches from which palladium rods have beenidrawn which are believed
by others to have exhibited cold fusion). Skilled experimenters and sophisticated
apparatus would be demanded (such as may be available at the California Institute of
Technology). \

The use of hydrogen beams alone should be adequate to substantiate the
existence, vel non, of the hypothesized screéning regions. But the additional use of
a pair of colliding deuterium beams would bettertest the hypothesis, and might even
lead to a rare cold fusion event when the paircollided within a correspondingly rare,
"total"™ screening region. The pair of deuterium beams could also be used to test the
triggering of the regime Il chain reaetion.

The proposed experimentis complicated by the fact that neither the density nor
the size of the hypothesized Screening regions is known. But the latter is probably
small: on the order of atomic dimensions, say something in the range 107 to 10® cm.
And the number of total screening regions is probably quite small. These facts in turn
demand that the incident molecular beam(s} be well defined, that is, of narrow
geometrical cross section, and that a large number of palladium foils be tested. High
accuracy would, bé required of the angular measurement of the scattering cross
section as the incident beam({s) scanned across the palladium foil target.

Crystallographic studies should also be undertaken to assure that the crystal
structure of the palladium foils duplicates that of the palladium rods, especially those
which purportedly have demonstrated cold fusion in work by others.

Power reactor applications:

if the proposed experiment demonstrates the existence of the hypothesized
screening regions, application of this cold fusion theory to the design of a practical
electric power reactor is obvious. The key is to trigger the initial fusion event which
terminates regime |. Two methods present themselves: (1) metallurgy, by increasing
the number of "total” screening regions within the palladium; and (2) artificial ignition,
by bombarding the deuterium absorbed within the palladium with high-energy

12



deuterium atoms from outside the palladium. This latter appears more promising.

Various engineering approaches to artificial ignition present themselves. For
example, the palladium - immersed in a saturated deuterium electrolyte - might be
fabricated into long, hollow rods centered on electrically-charged wires which,
energized by a high-voltage pulse, would accelerate the deuterium ions between the
central wire and surrounding palladium, causing them to bombard the palladium
cylinder. These bombarding ions would have a higher probability of penetrating the
Coulomb potential barriers of the absorbed deuterium atoms located in the "partial”
(and far more numerous) screening regions, there initiating the fusion ¢chain reaction
of regime I, bypassing regime | altogether. If the electrolytes within and without of
the palladium cylinders were separate - with the internal being charged by deuterium
which diffused through the palladium from that outside - the deuterium concentration
in the electrolyte separating the central wire from the surrounding cylinder could be
sensed electronically, and the voltage pulse automatically applied when the concen-
tration had reached a sufficient, predetermined level.

Once regime Il has been triggered, the engineering problems differ. Now we
must prevent melting, while utilizing the heat generated“for electric power, and
maintain or replace the concentration of the absorbéd deuterium. The latter problem
would seem easily solved by using multiple palladium (say) rods independently
cantrolled and immersed in a common electrolytic bath.

Other alternatives, derived from the theary, are possible. The foregoing have
been offered only to illustrate the possibilities. The key to all is the proposed
experiment to determine the existence of the hypothesized screening regions. If they
are found, the rest will follow.

DO NOT
OPY
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