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CETI Demonstrates 1,300 Watt Cold Fusion Reactor OQH ' "
Produces 1000 to 4000 Times Input -”"' f’ LA Qo\

Last week at the Power-Gen ‘95 Americas power industry trade show in Anaheim
(December 5-7, 1995), a l-kilowatt cold fusion reactor was demonstrated by
Clean Energy Technologies, Inc. (CETI) of Dallas Texas. The cathode is
composed of thousands of 1 mm diameter co-polymer beads with a flash coat of
copper and multiple layers of electrolytically deposited thin film nickel and
palladium. CETI holds three U.S. patents on the beads, with additional patents
pending. During the demonstration, between 0.1 and 1.5 watts of electricity
was input, and the cell output 450 to 1,300 watts of heat< In April 1995, at
the Fifth International Conference on Cold Fusion (ICCF5%), CETI demonstrated a
cell with input of 0.14 watts and a peak excess of 245 watts, a ratio of 1:18.
In October 1995, at the 16th biannual Symposium on Fusion Engineering (SOFE
*95) the University of Illinois showed a CETI cell with 0.06 watts input and 5
watts peak output, a ratio of 1:83. Ratios at/Power-Gen ranged from 1:1000 to
1:4000.

The ICCF5 and Power-Gen calorimeters were designed'and constructed by Dennis
Cravens. The SOFE '95 calorimeter was constructed by George Miley’s group at
ﬁniversity of Illinois.

The Power-Gen cell and calorimeter are much larger than CETI's previous cold
fusion demonstration devices. The €ell is 10 cm long, 2.5 cm in diameter,
containing roughly 40 ml of beadss Previous cells had about 1 ml of beads. The
cell itself is wrapped in opaque foam plastic because the cell geometry has
been improved and the improvements are not yet covered by patent applications.
Other components in the calorimeter are made of clear Lucite plastic.
(Photographs of the device ctan be seen on the World Wide Web address below.)

The flow calorimeter reservoir holde 2.5 liters and the flow rate is set
between 1.0 and 1.5 liters per minute. A control cell is mounted parallel to
the hot cell. The flow to both cells is regulated with precision valves. The
reservoir and pump consist of a Magnum 220 aquarium pump with a micron filter
attachment, with an additional Lucite cylinder built on top of the pump unit
to hold a cocling coil, gas trap, and a 3.5 watt computer cooling fan. Water
is circulated by a magnetic impeller pump, driven by a 50-watt motor mounted
underneath. Static in-line mixers ensure mixing. (These are plastic objects
about an inch long with vanes to stir the flow.) A few weeks before the
conference, Cravens decided to increase the flow rate in order to keep the
temperature below 50 degrees C. The new flow rates exceeded the capacity of
his flowmeters. He was not able to procure a bigger flowmeter in time for the
conference, so no flowmeter was installed. Flow was measured by turning
stopcocks to redirect fluid from the cell outlet tube into a graduated
cyﬁﬂnder for 15 seconds. This test was performed many times, and the flow rate
v ot observed to change measurably, except when it was dellberately

mysted between runs. The water hose from the pump is coiled in an air cooled
pox on top of the reservoir. Air is drawn through the box by the cooling fan.
The pump, cooling fan and DC power supplies electrolysis all have one common
AC cord, which is monitored by a Radio Shack analog AC voltmeter and a
multimeter. Total power consumption by all components is B85 watts.
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The Delta T temperatures and reservoir temperatures are measured with K-Type
thermocouples, with Omega Model HH22 Microprocessor Thermometers. Power is
mQred with Metex M 3800 series multimeters.

T irst test was marred by a malfunction in the control cell. The control
cell consisted of tin plated shot, arranged as an electrochemical cathode, in
* the same configuration as the smaller CETI thin film beads. During tests at
the lab leading up to the conference, this produced no excess heat, as
expected. However, during the first test at one point produced a Delta T
temperature as high as 2.6 deg C. Cravens suspected that the flow was blocked
and the cell short circuited. Later that evening he confirmed both suspicions.
When he opened the cell he found that some of shot had corroded after weeks of
electrolysis in warm water. The tin plating had peeled off. When they set up
the cell in the afternoon, they made the flow rate in the control cell 300 ml
per minute, the same as the live cell. Later on, the flow slowed down and the
cell was shorted out by loose tin and debris and power consumption went up. In
retrospect, this was a poor choice of materials for the control cell. The
control cell was replaced with a joule heater for the remainder of the
conference, which raised the water temperature the normal, expected amount.

Later on, in subsequent tests, I was able to observe the'machine closely, and
to make direct measurements of its performance with my own instruments. I
tested the flow rate on the cold fusion cell sideiseveral times. As noted
above, I did not see any measurable variation</except when the flow was
deliberately changed from 1,300 ml to 1,000 ml per minute by closing the
valves, I checked the thermocouple readings in the reservoir, inlet and outlet
with two thermistors and a thermometer. They.agreed closely with the
thermocouple readings. The reservoir temperature can be taken by removing the
G ‘ng loop section on top and insertimgthe thermistor probe directly into
ti, water. Measuring inlet and outlet temperature required a little more
ingenuity. I confirmed the outlet thermocouple reading by taking a 250 ml
sample of water from the outlet pipe during a flow test and immediately
measuring the temperature before the sample cooled significantly. I confirmed
the cold fusion inlet temperature by turning off the control side joule heater
and taking a 250 ml sample from the control outlet pipe.

Here is some sample data:
Test 1, December 4, two hours
INPUT POWER

Measured AC: 0.7 A * 120 V
Electrolysis: 0.18 A * 8 V

B4 W
1.4 W

OUTPUT POWER

Flow rate 1200 ml/minute (300 ml/15 seconds)
Delta T Temperature 16 to 17 deg C

1200 ml * 16 deg C * 4.2 = 80,640 j/min = 1,344 W

Test 2, December 5, afternoon, 30 minutes.

IN®ST POWER
v red AC: 0.7 A * 140 V 98 W
b"-& * . 9 =

rolysis: 0.02 A 3 v 0.1 W
OUTPUT POWER
Flow rate 1000 ml/min (250 ml/15 seconds)

Delta T Temperature 6.7 deg C
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1000 ml * 6.7 * 4.2 = 28,140 j/min = 469 W

CETI plans to follow up on this with demonstrations of prototype consumer

p cts, including larger cells for space heating and heat engines. They are
Qng to develop these devices as rapidly as they can. They estimate that it
w take six months to one year to make suitable prototypes. CETI is now
engaged in joint R&D projects with five corporate and university strategic
partners, including the University of Illinois and the University of Missouri.
All five have independently verified the excess heat. The University of
Illinois group has fabricated beads from scratch using a sputtering techmique
rather than electrolytic deposition. They have observed excess heat from their
own beads as well as beads provided to them by CETI.

Akira Kawasaki and I took many photographs of the calorimeter. I scanned four
of them, and John Logajan uploaded them in his home page:

WWW URL = http://www.skypoint.com/members/jlogajan

-~ Jed Rothwell
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Mr. Jed Rothwell e, 9. Dby
2060 Peachtree Industrial Court ooy :

Suite 312-F .
Chamblee, Georgia 30341 aﬂvﬁ \S S

Dear Mr. Rothwell: u b\*"?‘

The Department of Energy has been asked to respond to your letter, with
several enclosures, to President Bush dated January 10, 1992, that expressed
concern about cold fusion research in the United States. Your letter and
information on cold fusion have been reviewed. We have been aware of the
activities you referenced including the effort to establish a $10 million per
year research program on cold fusion.

We believe that the appropriate mechanism for establishing the feasibility of
a new, or unexpected, scientific result is for the proponent to submit it to
the collective judgement of peers. This mechanism can be activated in several
ways, such as technical presentations at scientific conferences and
publications of results in prestigious, peer-reviewed journals. This is a
thorough, but time-consuming process. However, all major scientific advances
have been subjected to, and have survived, this scrutiny.

The November 1989 report of the cold fusion panel recommended against any
special Department of Energy fumding for the investigation of phenomena
attributed to cold fusion. ~However, the panel was sympathetic toward modest
support for carefully focussed and cooperative experiments within the present
funding system. The Department of Energy accepted the report and its
recommendations. We have. been monitoring the cold fusion research area since
the issuance of that report and betieve that its recommendations are still
valid. We continue to be available to review any research proposal of
interest to the Department.

Sincerely,

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

cc:

Ms. Sally Kelley

Director of Agency Liaison
The White House
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Relay-version: . “Ws - V6.0-3 14/03/90 VAX/VMS V5.5; site physc1.byu.edu
Path: physc1.byu.edul yvax.byu.edulhamblin.math.byu.edulsol.ctr.columbia.edut

Newsgroups: sci.physics.fusion
Subject: Polansky not responsible? .

Message-1D: <9 00943_72240.1256_EHL69- 1aCompuServe . COM>
ub-gate.UB.com! compuserve.coml 72240.1256>
. %01:05:57 GMT
eply-To: Jed Rothwell <ub-gate.UB.com!compuserve.coml72240.1256>

Sender: scott@zorch.SF-Bay.ORG (Scott Hazen Mueller)
OIi'ganizz;ion: Sci.physics.fusion/Mail Gateway .
Lines:

Vo >INTERNET:fusioﬁzorch.sf-boy.org

Via deep back channels, someone told me that in his impression, Dr. Polansky
does not enjoy implementing the DoE’s CF E:licy. My contact says that he
feels Polansky is under pressure, and he been forced to do things against his
better judgement. That may be true; a bureaucrat has to follow orders, after
all. My contact said the policy is formed by Adm. Watkins (Bush appointee)
and Dr. Happer (who will probably stay).

I have no personal relationship with any of these people. Obviously, the
letters they send me contain no detailed explanation. 1 send them
translations of official MITI statements, scientific papers, newspaper
clippings, a list of corporations in the NHEP, invitations to conferences and
meetings, and so on. They send me the sort of empty, bureaucratic claptrap I
quoted earlier. I can only judge the man by his actions and words. It may
well be that he is only following orders -- that’s how the Government works,
after all. If he disagrees with the policy, I am confident that someday,
during a Congressional Investigation, he will have a chance to explain his
actions, reveal his CYA file, and to point the finger at someone else.

Because [ don’t have access to his CYA file, I want to repeat that it is my
*impression* that he is a hatchet man: | said "as far as I can see...," and |
meant exactly that. I cannot follow his every move. If he is just some poor
bureaucrat doing his job, I’m sorry for him.

1 have seldom named specific names, because there is always the danger that 1
might finger some low level flunky. Top bureaucrats often find ways to. escape
responsibility. There is a good example of the danger of "naming names™ in a

© widely read Japanese magazine. This magazine quoted a specific name of a

o L ptai.

person at MIT, and said the fellow was the culprit who dumied up the
infamous 1989 CF fraud. They fingered the wrong guy!

In this case, however, I posted Polansky’s name specifically to warn off my
Gentle Readers, because a couple of them asked me about submitting a proposal
to him. That can be a negative career move. Until we see‘a hint of sanity in
Washington, I advise everyone in the CF business to keep a low.profile. If
you must submit a proposal, don’t use the phrases “cold fusion," “fusion,"
"nuclear," or “excess heat," don’t mention the Japanese program, and keep
everything low key. He is definitely the guy to go to, if.you send it to
anyone else, your proposal will wander around the bureaucracy for a couple of
months until they figure out you mean “cold fusion" then they will send it to
him, and he will deep-six it.

- Jed

zaphod.mps.chio-state.edul sdd.hp.com!decwr1pacbel L .coml tandemiUB.com! zorch! fusion

Cold gt
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Relay-Version: Wn.  as - V6.0-3 14/03/90 VAX/VMS V5.5; site physcl.bru.ech
Path: physci.byu.edul yvax.byy. edulhambl in.math.byu.edul sol .ctr.columbia, edul
zaphod.mps . oh{o-state, edul sdd.hp.coml decwrl Ipacbel L .com! tandem! UB . comi zorch| fusion
Wewsgroups: sci.physics.fusion

Subject: Not a tea ptrt¥

Message-1D: <930201185411_72240.1256_EHL54-18CompuSerye, COM>

From: Jed Rothwell <ub-gate.UB.comlcompuserve.coml 72240.1256>

Date: Tue, 2 'Feb 1993°01:05:49 GMT .

Reply-To: Jed Rothwell <ub-gete.US.com!compuserve.coml72240.1256>

Sender: scott@zorch.SF-Bay.ORG (Scott Hazen Mueller)

Organization: Sci.physics.fusion/Mail Gateway

Lines: 47

To: »INTERMNET: fusiondzorch.sf-bay.org
Steven Jones remarks:

Jed Rothuwell’s repeated bad-mouthing of the U.S. Department of Energy and Dr.
Walter Polansky (by name) is {ll-founded and in poor taste. [ wonder if Mr.
Rothwell can document his accusations which seem slanderous...®

I am not a fool. I do not say things like that in public if I do not have
witnesses, dates, places and times. Besides, his actions are well documented.
As Gm:lxum said to Polansky the other day, “a bureaucrat can run, but he
can’t A

" myour vicious sniping at the man behind his beck fs in very poor taste. Shame

on you."

Don’t be ridiculous Steve, 1 have faxed him far worse. 1 have also written to
hiz boss, ard his boss’s boss. 1 never attack anyone behind his back. mz
should [? 1 am out for blood. 1 intend to get him, along with Huizenga, Park,
Parker, Maddox, Piel, Taubes and meny others. | don’t hide that fact, I
advertise it, in order to bait them into doing foolish things. They have
obliged me on seversl cccasions. This is dead serious power politics, these
people are playing for keeps, and so am 1.

They screwed up in 1989, and misjudged CF. They made a dreadful mistake which
might ceuse irreparable harm to the nation and to science. Later, rather then
admit they made a mistake, in their hubris they lashed out and hurt pecple,
and corrupted the scientific process. They will not get away with it forever.
Irresponaible, foolish people in authority who meke dreadful mistakes must be
replaced. They must be forced to take responsibility for their statements and
actions, A free sociaty demands no less. : )

I am sincerely delighted to hear that the DoE supported CF at BYU up until
December 31, 1991. As far as | know, you people never succeaded in getting
any heat, which ia & real shame. To be honest, [ would not recommend the DoE
give you any more money, because after all, lots of other pepple-have gotten
heat -- and heat is what matters. Heat first, neutrons lster. As far as I am
concerned, if you don’t have heat at BYU, you have failed, and I would not
Went to see any more government money going to failures. You have not learned
how to enhance the reaction, and others have, so they should get the funding.
Good intentions and should nat be funded, only positive, outstanding results.
The government should not pay people to build a rplanes that cannot get off

" the ground; computers that do not get the right answer; telephones that don’t

connect; or CF experiments that do not generate heat.

- Jed



Path: physci.  edul jonesse

" From: jonessedphysci.byu.edu - 5

Newsgroups: sci.physica, fusion

Subject: Re: Rothwell I
Message- 1D: <1993Feb19.151902.420aphysc] .byu. edur

Date:$19: Feb 937 15:19:01 -0700

pDistribution: warld

organization: Brigham Young University

Lines: &0 1

Speaking for myself, I would hete to see Jed Rothwell leave the net
entirely. | stromly object to his vituperative attacks on Walter
Polansky, Dieter Britz, Frank Close and others. 5 )
gut while potentially (ibelous attacks should =
certainly curtailad, I find that Jed represents the "xs-heat®
community end shows us what these guys are thinking. Who else does
this for this net so thoroughly?

I think his gems are amazing, but revealing and. often anusing:
“Jones, Juizenga, Ilorrlion. Cloge »- believe theory overrules facts. ™

e conclusive sxperiment can and WUST overrule the entire existing

database, no matter how certain or long established it way be. ... .

a million, willfon preavious experiments showed that EsMc2. So what?

Everr single one of them was wrong. Period. It does not work in metal
lattices under slectrolysis, and Einstein was flat out wrong.® {in his
response to my challenge reparding missing nuclear ash products, 21 Dec. 1992)

wiyo® are the one are the one who wants to throw away old data, not mel
*You* are the one who wants to overthrow Einstein.® (shortly after above, to
me)

‘"You must stop looking for neutrons, because t'hev are not there, ...

Hobody at MIT] or the MHEP gives a damn about neutrons. They do not

care whether CF is nuclear energy, .zero point energy, or green cheese,

Fhey know it yields megajoules of heat from each tiny bit of fuel, and they
know the fuel is water, and that is ALL they care ebout. PERIOD.® (26 Jan 53)

These are fairly harmlegs., And [ find other *true believers' have such

notions in thelr heads. From a sociological and historicsl point of view,
I think we should welcome such input so that we can learn what these guys
are thinking and doing. Scientifically, we can make our own discernments.

Peace,
Steven Jorws
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Relay-Version: Ws = V6.0-3 14/03/90 VAX/VMS V5.5: site physci.byu.edu

Path: physc.byu.cuul yvax.byu.edul hambl in.math.byu.edulsol .ctr.columbia.edul spool .mu.euul agatel ames!pacbel L. com! tandem! zorchi fusion
Newsgroups: sci.physics.fusion i
Subject: Discretionaz S| ing

Message-1D: <930126163947_72240.1256_EHL56- 1aCompuServe.COM>

From: Jed Rothwell <ub-gate.UB.com!compuserve.com!72240.1256>

Date: Wed, ¥27:Jan 1993 04:31:22 GMT

Reply-To: Jed Rothwell <ub-gate.UB.com!compuserve.com!72240.1256>

Sender: scottazorch.SF-Bay.ORG (Scott Hazen Mueller) :

Ot"gani z;; ion: Sci.physics.fusion/Mail Gateway

Lines:

To: >INTERNET:fusion@zorch.sf-bay.org

Rusty Perrin and J. A. Carr have questioned whether the DoE has any legal
authority to conduct CF experiments in the first place, without authorization
from Congress. This is a reasonable question. | have discussed it with
Members of Congress and with officials in the DoE, and as I understand it,
the rules are as follows:

1. The DoE has various discretiomr¥ funds, both at headquarters and at the
individual research institutions, like LANL. These represent only a small
fraction of the total DoE budget (I do not know what percent). In 1989, many
CFie)itperinents were performed using these funds. (Far too many, in my °
opinion.) . ;

2. Congress does not micromanage on this level. The DoE could not perform CF
experiments costing $100 million, but they certainly could perform scattered
work amounting to a few hundred thousand, or even a few million, as long as
eac: experiment did not exceed the authorized discretionary limit of the
worker.

3. br. Walter Polansky, Director of the Division of Advanced Energy Projects,
has told me and many other people that his Department does have the authority
to fund CF work. He said that the 1989 DoE panel, headed by Huizenga, "was
sympathetic towards modest support for carefully focussed and cooperative
experiments within the present funding system. The Deg:rtment of Energz
accepted the report and its recommendations. We have been monitoring the cold
fusion research area since the issuance of that report and betieve its
recommendations are still valid. We continue to be available to review any
research proposal of interest to the Department." :

That’s what the man says, but actually, as far as 1 can tell, Polansky is a
hatchet man who goes around shutting down CF experiments, overrjding other
people’s spending authority, and cutting everything including your telephone
if you try anything related to CF. So, if you are thinking of submitting a
proposal, | suggest you steer clear of the man.

Under normal circumstances, if a scientist at LANL, Fermilab or some other

DoE lab had some level of discretionary spending authority, and he or she

wished to, he could conduct experiments relating to energy. As long as the

experiments stayed within the allowed budget, there would be no problem.

Certainly, if he could show that his Japanese colleagues were spending 10’s

of millions on the subject, nobody would object to a few simple replications

of the Japanese work costing $10 or $20 thousand. Nothing about CF is normal, ; )
so these customs do not apply. .

“Discretionary" is a loose term, subject to definition and revision. There is
no such thing as perfectly 100% discretionary money, in any institution. No
DoE honcho would get away with funding a study of orgasmic energy sources.
The closest thing I can think of to a real Discretionary Fund is the 5
million Yen Japanese professors get just for showing up at work: when I
attended a National University, I took a nice day trip or two, and used a lot
of “discretionary” video and computer equipment for purposes not directly
related to the Department’s work. Also, we had several pet chickens and a
large turtle, whose sustenance came out that funding I believe.
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In most institu%s®S, however, discretionary expenditures that get too far
away from the subject would be reviewsd and ¢ensured. Projects which are too

wild and flakey, Like ESP spoon bending energy in the DoE, or faith-healing at .

HIH would get anyone into trouble, which seems reasonable to me.
Unfortunately, anything remotely related to CF falls in this category: too
flakey and weird to be allowed. Research institution heads and other people
with discretionary authorization have been explicitly ordered *not* to sperd
anymoney or allow any experiments in CF. The ostensible reason is thst it is
too far beyond the pale, too "pathological." This may, in fact, be one of the
reasons it iz banned, but 1 believe the main reason it that the people who
are fighting against it know that {f it succeeds, their reputations will go
down in flames; and also because the hot fusion program, and many other
energ{ programs, will be rapidlr terminated. People engaged in a turf war
find it easy to convince themselves that their opponents are flakes.

= Jed
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Lou- 1 received the following package of information on cold fusion late

There is no need to return this package.

You may be most interested in the-letter {unsigned) fro
o Frank Murray.

CorY
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Walter M. Polansky, ER-16
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Cold Fusion Research Advocates
2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341
Phone: 404-451-9890 Fax: 404-458-2404
March 26, 1992
Mr. Walter M. Polansky, Director
Division of Advanced Energy Projects
Department of Energy
Washington, DC 20585
Dear Mr. Polansky,

Here is some recent information from Japan regarding-old fusion, including an
article from the Japanese edition of Scientific American.

Sincerely,

lorbelf

d Rothwell



Cold Fusion Research Advocates
2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341

Phone: 404-451-9890 Fax: 404-458-2404
March 9, 1992

The following article appeared in the Japanese edition of Scientific American. The
title of this magazine sometimes causes confusion; the cover of says "Scientific American"
in English and "Nikkei Science" in Japanese. This magazine includes every article from the
U.S. edition, translated into Japanese, plus some material unique to Japan. The March, 1992
edition carried this two page description of Takahashi’s work on pages 54 and 55, in the
“Information" section, which covers current events and fast breaking news.

Information

Cold fusion experiment yields stable heat reaction

"It’s a real reaction." "No, it is all experimental error” - the debate about cold fusion
goes on. Now, Prof. Akito Takahashi, of the Osaka.University Engineering Department has
successfully produced a stable cold fusion heat reaction that continued for over a month.
Using the now familiar method of electrolysizing heavy water with a hydrogen-absorbing
palladium cathode, he reports measuring peak heat outputs several dozen times larger than
the electrical input.

Prof. Takahashi’s electrolysis device consists of a cathode made of a highly pure
palladium plate 2.5 cm square by ¥'mm thick; the anode is 0.5 mm platinum wire wrapped
in a coil one centimeter from the face of the cathode. Both electrodes are submerged in
heavy water. :

The current flowing between the electrodes is cycled every six hours. During the first
six hours, 0.25 A (low current) is input; during the next six hour segment 4.2 A (high
current) is input, and then the cycle is repeated. The experiment began last year on
December 15; the heat reaction began about a week into the experiment. The reaction
continues as of this writing, at the beginning of February. A peculiar phenomenon has also
been noted; the heat output fluctuates in a periodic fashion with each cycle.

The strength of the heat was 50 - 70 W during the low current input, and 200 - 250
W during high current input. During the low period, the output heat energy was several
dozen times greater than the electric energy used in electrolysis; during high input, it was 2
to 3 times greater. Subtracting input energy used in electrolysis from the output heat energy
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left a positive balance averaging about 100 W. Total energy output for the first month was
said to exceed 200 megajoules,

The power density was extremely large; depending on how you measure it, power
density per cubic centimeter of the palladium cathode was as much as ten times greater than
the power density of a fission reactor fuel rod.

A 4 Body Reaction?

Prof. Takahashi proposes a new theory to explain the experimental results, which
indicate that a nuclear reaction is occurring in the palladium lattice. According to his theory,
3 and 4 body fusion reactions occur inside the lattice, even though, under the normal density
of deuterons packed into the lattice such reactions would be exceedingly rare.

A palladium lattice is a 6 sided face-centered cubic structure.-A palladium atom sits
in the center of each face, and at each vertex. With this structure, the area between each
vertex and the area in the very center of the lattice is called the O site. As deuterons are
forced into the lattice by electrolysis they occupy the O sites first. Each cube also contains
8 T sites; when all the O sites are full, the deuterons begin to occupy the T sites. When the
deuterons occupy the T sites, they create deeper potential wells than with the O sites.

At this stage, when the deuterons undergo vibrational excitation from the electric
current the deuterons in the O site, at a certain probability level, the deuterons begin falling
into the T sites. With this lattice structure, there are four O sites around each T site, so if
the deuterons in the O sites fall smoothly into the T sites, a maximum of 5 deuterons can
concentrate in each T site. Takahashi, postulates that in the instant this happens, the
deuterons undergo fusion.

A great deal of supporting evidence

According to the proposed theory, the O sites fill up with deuterons when the loading
ratio of deuterons to.palladium atoms exceeds 0.85. At this point, the deuterons begin
entering the T sites, and fusion begins. It has been noted that tritium, which is thought to
be a fusion product, starts to be generated after the deuterons pass this level of saturation.
This was seen again in the present experiment.

Also, from experiments at SRI in the U.S., and elsewhere, it has been observed that
excess heat appears in many cases when the level of saturation goes over 0.9. Takahashi’s
theory explains this, conjecturing that at the higher loading ratio, more of the 3 and 4 body
reactions begin, which output more heat than the tritium producing reactions.

Asst, Prof. Tadahiko Mizuno, of Hokkaido University, Nuclear Engineering Dept., has

verified that under electrolysis, the palladium lattice has been loaded with deuterons at a
ratio as high as 1.4. He has that verified that even after all O sites in the lattice are filled,

"
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Cold Fusion Research Advocates
2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341

Phone: 404-451-9890 Fax: 404-458-2404
March 3, 1992

From: Yomiuri Shimbun
03/02/92

[no byline]
Translation by Jed Rothwell

Low Temperature Fusion

Will Tt Boom Again?
[Photo caption] Prof. Akito Takahashi

[Figure captions] Cold Fusion Experiment Uses Electrolysis
Direct current
Cooling water
2.5 cm square palladium plate (cathode)
Heavy water
Insulator
Thermometer
Platinum (anode)

The report of massive heat from cold fusion experiment by Dr. Akito Takahashi,
Osaka University (Dept-—of Nuclear Engineering) is causing major repercussions. He
reported that an electrolysis experiment output excess heat for over two and a half months.
If this data is correct, the "dream of cold fusion energy,” which had deflated, will once again
boom. What is amazing is that this large amount of heat can still not be explained. The
guestion is: what is going on here?

Thousands of times more heat than a chemical reaction
Osaka U. Lack of neutrons, the mystery deepens
The data was presented at an international symposium held last month in Nagoya.

In this experiment heavy water is electrolysized with a palladium cathode. The object is to
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pack the deuterons into the palladium, creating a condition in which fusion is more likely
to occur.

According to the professor, the heat began shortly after the experiment commenced,
about the middle of December, last year.

The total amount of heat averaged out over the volume of palladium came to roughly
200 watts per cubic centimeter. This is said to be about twice as much as the input energy
from electrolysis.

Massive heat output has been reported from the U.S. by two teams: the originators
of cold fusion at Utah U., and the team at Stanford Research, which recently suffered an
accidental explosion; however, this is the first time that massive heat has been reported in
Japan. Many comments were heard from the audience like, "it is too much for me to believe
all at once" and "if true, this is amazing."

Even after the Nagoya meeting, researchers say that heat output continues as before.
They say at present, "we could not turn off the experiment even'we if wanted to." [It is stuck
Ilon’“]

What is weird about this experiment is that neutrons, which would be powerful proof
that a nuclear reaction is occurring, are only seen.in very small numbers. With ordinary
heavy hydrogen fusion, neutrons etcetera are generated in equivalent proportion to the heat.
But in this case, number of neutrons detecied is only about one ten trillionth of the number
theory would lead one to expect. What ¢ould be happening?

One school of thought is‘that the excess heat may not be caused by fusion, but by a
chemical reaction. But this theory cannot explain the data from this experiment, since the
total amount of heat is several thousands of times greater than any conceivable chemical
reaction could generate.

Given this, Prof, Takahashi proposes that a new, previously unknown type of fusion
reaction is occurring.

The professor looked at various possible kinds of fusion that do not create neutrons
or tritium. As a result, he realized that his experimental results indicate that the main form
of fusion that is occurring is "four body fusion," wherein four heavy hydrogen atoms fuse to
form two helium atoms.

Most theorists reject his bold conjecture, skeptically claiming, "it violates common
sense."”

Up until now, whenever results have been completely at odds with theory, the
reliability of the measurements have been called into question. In fact, in this case as well,

M



some people have objected to the method of measuring heat in this experiment, saying it is
too rough [broad, sketchy]. Another problem is that a control experiment with ordinary
(light) water was not done.

However, some of the experts voiced this opinion: "the method of measuring heat
[calorimetry] is simple, but by the same token, you can also say it is very difficult to make
a mistake when you do it this way. Furthermore, it is very difficult to argue with a results like
this, with twice as much energy output as input."

In any case, other teams will need to replicate the experiment in order to establish
the true nature of the heat. Recent research has shown that it is necessary to drive the ratio
of deuterons to palladium atoms to a level of 0.9 or above in order make conditions
favorable for the heat reaction to occur. This fact has major implications in cold fusion
research, which has heretofore been conducted by groping in the“dark [as it were]. It
appears that this experiment succeeded because steps werg-taken to increase the
permeability of the palladium, allowing more deuterons to be loaded into the palladium.

The influence of Prof. Takahashi’s experiment already appears to be far reaching, as
several groups here and overseas have rushed to inquire about the details, and dozens of
groups are reportedly already trying to replicate.

It may be that the mystery of the excess heat will be solved sooner than anyone
expects.
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Cold Fusion Research Advocates
2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341

Phone: 404-451-9890 Fax: 404-458-2404
March 18, 1992

Mr. Frank Murray
Energy Subcommittee

U.S. House of Representatives
Washington, DC 20515

Tel: 202-225-8056
Fax: 202-225-2021

Dear Mr. Murray,

Attached is an article from this morning’s Wall Street Journal about EPRI’s cold
fusion research program.

Here is some news from Japan:

Last night I had a long talk with the science journalist Fujio Nakano. In March 1992,
Nakano published another article about cold fusion in Japan’s largest magazine,
Bungeishunju, in which he stated publicly that the Japanese research thinktank "Technova"
is supporting Pons and Fleischmann in France. I asked him about that, and he said that the
president of Technova, Yoshihiro Kyotani, decided to go completely public and reveal the
research. Kyotani used to be a top researcher at Japan Railroads (the national railroad
system).

Technova is\a somewhat shadowy R&D organization. Like EPRI, it controls
enormous capital.resources, nobody knows how much. I believe it is connected with Toyota,
as well as Japan Railroads. It does research, information gathering, management consulting;
it forms new industrial policies, management systems, and promotes technology transfer
between Japan and other countries. The board of directors includes several famous people:
Japan’s top architect, a famous former foreign minister, and several distingushed European
and American scientists. For more information, I suggest you contact Technova directly:

Tel: 03-3508-2280
Fax: 03-3508-7578



Nakano has the impression that if you fax them on letterhead and ask for information
on their cold fusion research and company background, they will give it to you. He says they
have decided to go completely public.

Nakano said that since the January 27th meeting, "things have been hopping." The
power companies and big corporations are rushing to jump on the cold fusion bandwagon,
fearing that Technova will get a lead on them. Dr. Mizuno, of Hokkaido University, wrote
to me on March 3, saying that circumstances within Japan improved immediately after the
ISEM meeting; interest picked up a great deal. He said, "10 big companies are starting a
fund for cold fusion researchers in Japan." Before January, over 100 researchers were
working on cold fusion in the National University laboratories, but they did not attract much
attention. Now, they are in the limelight and in demand; corporations and science writers
are rushing to ask their advice and publish their technical papers.

I asked Nakano, "how about the skeptics in Japan, is there still resistance at Tokyo
University and elsewhere?" He said, "there are no more skeptics, Everyone now believes it
is real. The only question is, has Takahashi developed a simple; reliable way to create a
sustained, high output reaction. We will find out in a couple of weeks, as the replications roll
in."

After I talked to Nakano, I called the editor and'one of the staff writers of the Nikkei
Superconductor technical newsletter. I asked the same question: what are the skeptics
saying? Both the editor and the writer responded at once: "the skeptical resistance has
collapsed. There are no skeptics. We have not heard a peep out of Arima since last summer
when he said he is too old to shave his head, and he said he guessed he is not a real
physicist anymore." [Arima is the President of Tokyc University, In April 1989 he said, "if
cold fusion is as easy to get as they say, I'will quit physics, shave my head, and become a
buddhist monk." Finally, last summer, he admitted he was wrong, but he does not want to
make a clear public statement, beécause he would lose face.]

The Nikkei people just published another column from me, and they asked me for
additional news. I find_ it ironic that I cannot get any American newspaper or magazine,
except Business Week; 10 publish anything about cold fusion in Japan, whereas the Japanese
Nikkei (equivalent-to the Wall Street Journal) calls me every few weeks, and publishes all
the news about U.S, research that I give them! It is the same old story, we pay no attention
to what happens in Japan, whereas they watch us with an eagle eye. You would think that
since Japan has taken away our entire consumer electronics market, our RAM chip market,
and at least a third of our automobile market, that somebody would be interesting in hearing
what they are doing in the energy business. Alas, few journalists will touch news about cold
fusion.

[ should add, I find it very odd that Members Of Congress are not alarmed and

mystified to hear that Dr. Ikegami, a well-know nuclear physicist and the head of a major
high-tech research program, has offered to come over and testify before the Committee. He

-3 <



wants to warn us that Japan is about to take the lead in yet another critical technology.
When was the last time a high government official in Japan offered to give you detailed
information about a top priority program, and to warn you that the program might hurt the
U.S. economy if you do not fund similar research here? This seems to me to be a wholly
unprecedented circumstance. I would say you have an alarm bell clanging in your ears, and
if you ignore it much longer, it will lead to grave political and economic consequences for
you and for the nation.

I asked Nakano and others: "Who is behind Technova exactly? How much money do
they have?" and "what is MITI going to do?" They gave me the usual run-around, "we can’t
talk about that yet, give us a couple more months." Other people have told me that the
MITI cold fusion industrial development program will start in April, 1992, which is the
beginning of the Japanese fiscal yeatr.

Sincerely,

Jed Rothwell
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Electric Power Research Institute to Pay
$12 Million More to Study ‘Cold Fusion’

By Jemry E. Bisvop
Staff Reporter of Tur WaLl STREFT JuLRNAL

The utility-supported Electric Power
Research Institute said it will spend an-
other $12 million to investigate “cold fu-
sion” because of promising experimental
results.

EPRI, which has put about §2 million
into “‘cold fusion' experiments, continues
to be the only source in the U.8. of funds
for the highly controversial research. It is
investing the additional funds because of a
key experiment's 'favorabie results in pro-
ducing heat,” said EPRI project manager
Thomas O. Passell.

The U.S8. Department of Energy
dropped all such support in late 1989 and
the State of Utah, which spent §5 millioh on
such research at the University of Utah,
ended its support last year. :

The key experiment, at SRI Interna-
tional in Palo Alto, Calif., was involved in
an explosion this past Jan. 2 that killed one
scientist and injured two others. Mr. Pas-
sell declined to discuss the explosion pend-
ing the report of an investigation. He gaid,
however, that EPRI's decision to continue
funding the SRI experiment was made in
December before the explosion, but wasn't
announced at the time.

SRI International is a nonprofit inde-
pendent contract research and consulting
think tank that was spun off from Stanford
University several years ago. EPRI, which
is supported almost wholly by the electric
utility industry, spends about $400 million &
year on electricity-related research and

development,
: The SRI experiment, under:the direc-

the experiment has produced one to two
watts of heat, which is as much as 10%
maore power coming out of the experiment
than is being put into it electrically.

Dr. McKubre and his eclleapues have
repeated the experiment “perhaps 10 times
with varying degrees of success," Mr. Pas-
sell said. ““What the excess heat is due to
we don't know, but we're holding out the
possibility it is a nuclear reaction of some
sort although not the usual kind™ that sci-
entists see when heavy hydrogen atoms
fuse at sun-like temperatures, he said.

An EPRI spokeswoman noted that the
institute carefully avoids the term “cold
fusion,” but instead uses the phrase *‘po-
tential nuclear phenomena in deuterated
metals.” “Deuterated metals” pefers to

" the fact that the experiments involve satu-

rating meials, particularly palladium, with
nuclei of deuterium, or “heavy hydrogen,”
atoms.

The $12 million pledged'by, EPRI would
be dispensed over three'years or.as long as
the research peinted foward.some kind of
new energy source. ‘'Butif we discover at
any time that [#hé source of the heat] isn't
nuclear in nature then we can stop” fund-
ing the research,"Mr. Passell explained.

A-final report on the SRI accident in
January lsn't expected for several more
weeks and officials at both EPRI and SRI
decline to speculate on what caused it. But
reports circulating among "cold fusion”
résearchers suggest the cause wasn't nu-
clear but rather a build-up of the oxygen
and hydrogen gases that went undetected
when a pressure gauge failed.

tion of Michae] C.H. McKubre, is an at- = '~

tempt to replicate the highly controversial.

claims made at the University of Utah in
early 1989 by American chemist B. Stanley
Pons and his British colleague, Martin
Fieischmann. They claimed that a simple
table-top electrolysis experiment, in which
a paHadium rod encircled by a platinum
wire was immersed in “heavy'’ water, pro-
duced more energy as heat than was put
into it electrically. They asserted that the
heat was coming from energy released by
the fusion of "heavy" hydrogen atoms in-
side the palladium rod.

For three years, nuclear physicists
have charged that the two chemists were
grossly mistaken, that the lack of nuclear
radiation was clear evidence that fusion
lidn't occur and that their measurements
f "“excess” heat were in error,

In the SRI experiment, the amount of

* excess heat produced “wasn't a lot but it

was definite,” Mr, Passell said. He said
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Cold Fusion Research Advocates
2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341

Phone: 404-451-9890 Fax: 404-458-2404
February 12, 1992

Mr. Walter M. Polansky, Director
Division of Advanced Energy Projects
Department of Energy

Washington, DC 20585

Regarding: Your letter of February 10; copy attached
Dear Mr. Polansky,

In your letter, you state that, “the cold fusion panel was sympathetic towards modest
support for... experiments.” I am in communication with every top cold fusion scientist in the
world, and to the best of my knowledge the Department of Energy does not sponsor any
research in cold fusion, at any laboratory. If I am incorrect, please supply me with names
and telephone numbers of researchers working:iri this area.

You also say, "we believe that the‘.appropriate mechanism for establishing the
feasibility of... a scientific result is for the proponent to submit it to the collective judgement
of peers." That is exactly what has happened in Japan, That is why the Japanese government
spent at least $15 million on cold fusion last year; that is wh}' Toyota has given Pons &
Fleischmann carte blanche development resources; and that is why the top researchers in
Japan expect that MITI will begin full scale mdustnal development of cold fusion zhis year.
If you have any doubt about-this, call me and I will immediately put you in touch with
leaders of the Japanese development programs. These leaders have volunteered to testify
before Congress, where they will spell out the scientific facts they believe proves the
existence of cold fusion'beyond any reasonable doubt.

I enclose various documents that prove what I have written here. Please contact me
if you require any additional information.

Sincerely

Jed) Ratlued!

Jed Rothwell

cc:

Ms. Sally Kelly, Director of Agency Liaison, The White House

Congressman George E. Brown, Chairman of the Space, Science & Technology Committee
Congressman Dick Swett, member of the Space, Science & Technology Committee

Dr. Hideo Ikegami, Director of Cold Fusion program, National Institute for (hot) Fusion
Science, Japan




Department of Energy
Washington, DC 20585

February 10, 1992

Mr. Jed Rothwell

2060 Peachtree Industrial Court
Suite 312-F

Chamblee, Georgia 30341

Dear Mr. Rothwell:

The Department of Energy has been asked to respond to your letter, with
several enclosures, to President Bush dated January 10, 1992, that expressed
concern about cold fusion research in the United States. Your letter and
information on cold fusion have been reviewed. We have been aware of the
activities you referenced including the effort to establish”a $10 million per
year research program on cold fusion.

We believe that the appropriate mechanism for establishing the feasibility of
a new, or unexpected, scientific result is for.the proponent to submit it to
the collective judgement of peers. This mechanism can be activated in several
ways, such as technical presentations at scientific conferences and
publications of results in prestigious, peer-reviewed journals. This is a
thorough, but time-consuming process. However, all major scientific advances
have been subjected to, and have survivéd; this scrutiny.

The November 1989 report of the coldyfusion panel recommended against any
special Department of Energy funding for the investigation of phenomena
attributed to cold fusion. However, the panel was sympathetic toward modest
support for carefully focussed. and cooperative experiments within the present
funding system. The Department of Energy accepted the report and its
recommendations. We have been'monitoring the cold fusion research area since
the issuance of that report and believe that its recommendations are still
valid. We continue to-be available to review any research proposal of
interest to the Department.

Sincerely,

2 oM. MU,

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

cc:

Ms. Sally Kelley

Director of Agency Liaison
The White House
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A Petition

Submitted to the Science, Space and Technology Committee,
The House of Representatives, Washington, D.C.

We, the undersigned scientists, engineers, and interested citizens, respectfully request
that the House Committee on Science, Space, and Technology, hold intensive hearings on
the topic of the new physical phenomenon that is referred to generally as cold fusion. The
purpose of these hearings, which in depth and breadth should go far beyond the hearing of
the Committee that occurred in April 1989, should be to assess the enormous body of
scientific evidence that has accumulated and confinues to accumulate since that time, both
in U.S. and foreign laboratories, public and private. These hearings should occur as soon
as possible, because the lack of funding in the United States is seriously blocking research.

We are convinced that a new physical phenomenon of potentially enormous scientific
and technological significance has been discovered and verified = even though its precise
physical mechanism is not fully understood at present, a typieal circumstance in science. We
believe that it will be imperative for the Congress to recommend immediate, significant
funding for cold fusion research and development’ This research has been substantially
hampered in the United States by the negative and presently untenable conclusions of the
ERAB "Cold Fusion Research" report that was performed for the Department of Energy
in 1989. We recommend that the Committee éxamine and formally reject the conclusions
of that report. We also advocate that the Committee recommend adequate funding for cold
fusion research in the United States at an.iitial-annual rate of not less than $10 million.

Signed
Name:
(Please sign;.then print name)
Affiliation:
(For identification purposes only, does not indicate support of the petition by
the organization)
Date:

Please return to: Cold Fusion Research Advocates
2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341
Phone: 404-451-9890 Fax: 404-458-2404
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Cold Fusion Research Advocates
2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341

Phone: 404-451-9890 Fax: 404-458-2404
January 25, 1992
The Cold Fusion Petition has been signed by over 300 people, including:

Nobel Laureate in Physics Dr. Julian Schwinger

Dr. Arthur C. Clarke, noted science author, and Chancellor, Internat. Space Univ.

M.LT. senior scientists Drs. Kolm, Labitt, Rafuse and Dr. Covert, who served on the
Challenger Investigation.

Dr. Hawkins of Smithsonian and Boston U. (retired)

Noted hot fusion scientist Dr. Frederick Mayer

Dr. Fritz Will

Dr. Gerald S. Hawkins, D.Sc., Smithsonian (Ret.) Prof.” Astronomy, Boston U. (Ret)
Scientists from Los Alamos, Oak Ridge, Naval Weapons, Center at China Lake, Naval
Research Laboratory, Naval Ocean Systems Center, Texas A&M, U. Hawaii, Tufts, Univ.
of Utah, Rockwell, Dow, Seimens, U.S. Army, Smiths Aerospace, Motorola, and many other
university and corporate research laboratories.

Dr. Ikegami, head of Japan’s largest program at the National Institute

Dr. Srinivasan, head of India’s major program

Dr. Iyengar, Chairman, Atomic Energy Commission, Government of India

Dr. Subbiah Arunachalam, Editor, Indian Journal of Technology, New Delhi, India

Dr. Xing Zhong Li, Dir. Fusion Power Prog, Tsinghua U., Bejing, China

Dr. V.A. Tsarev, Lebedev Physical Institute, Academy of Sci., Russia

Many of the top workers from Italy



Petition signed by 336 people as of February 10, 1992
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Radoslav Adzic

D. P. Agarwal

Joyce L. Alms
Richard L. Amruso
George Andermann
John J. Antal

George Anthony
Spallone Antonio
John Appleby
Subbiah Arunachalam
Edith E. Attenhofer
Srinath Balachandran
Marcello Baldo
Thomas D. Barnard
Robert W, Bass
David R. Bean

C. A. Bennett
Christopher Bentley

. William J. Bernt

. Alan Berrick

. Robert A. Birmingham
. John O'M. Bockris
. Tullio Bressani

. Glen Brickey

. Seva Brodsky

. Allen O. Brosius

. Herbert A. Bruzel
. Romulus V. Bueur
. Michael A. Burke
. Forrest C. Burns

. Ben Bush

Robert T. Bush

. Kant W. Campbell
. Dean W. Carver

Milton A. Chace, P.E.
Chun-Ching Chien

. Scott R. Chubb
. Talbot A. Chubb

P. L. Cignini
Arthur C Clarke, CBE

Institute of Electrochemistry, ICTM, Yugoslavia

Vice President, Leach and Garner Technology

Nova Resources Group, Inc.

Project Engineer, Smiths Aerospace, Inc.

Dept. of Chemistry, University of Hawaii

Physicist, U.S. Dept. of the Army (Retired)

Physicist

INFN - LNF, Franscati, Italy

Texas A&M University

Editor, Indian Journal of Technology, New Delhi, India
Technical Librarian, Smiths Aerospace, Inc.

Engineer, Energy Investment

INFN - Catania, Italy

Dow Corning Corp. + Research Engineer

Registered Patent Agent 29, 130

Metropolitan State College of Denver

University of North Carolina - Ashville

Computer Consultant

Director.of Research, Magnetic Power, Inc.

Magnetiec Power, Inc.

R&D Technician, Smiths Aerospace, Inc.

Texas A&M University

Dep. De Fisica Sperimenatale, U. Torino, Italy
Manager of Software/CAE Design, Smiths Aerospace, Inc.
Electrical Engineer, Graduate Student, Northeastern U.
Fusion Information Center

Mechanical Designer, Smiths Aerospace, Inc.

Institute of Chemistry, University of Uppsala, Sweden
Consulting Software Engineer

Retired Nuclear Chemist

Naval Weapons Center, China Lake, CA

Professor of Physics, California State Polytechnic Univ
Senior Programmer

Fusion Information Center

Chace & Associates Engineering

Texas A&M University

Private Citizen; Naval Research Laboratory

Research Systems Inc, Fellow of American Physics Soc.
CNR-CTCAT, Dept Chemistry, Univ. "La Spaienza," Italy
Noted Science Author, Chancellor, Internat. Space Univ.
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Ms. Clair F. Coleman
Mr. Neil J. Condosta
Mr. William Connors
Mr. Frank M. Costanza
Dr. Eugene E. Covert
Mr. Roger Craddock
Dr. Dennis Cravens

Mr, Henry P. Dart III, Atty
Dr., Celani De Francesco
Dr. David W. DeBerry
Mr. Jesse J. Dean

Mr. John D. Deith

Mr. Emilo Del Giudice
Mr. Michael Di Marco, P.E.
Mr. Louis Dick

Mr. Lee Dilley

Mr. Lawrence Dodson
Dr. Xavier Domenech
Mr. A. M. Dougill

Mr. Douglas Drake

Mr. Jerome Drexler, D.Sc. Hon.
Mr. Lee John Droege
Mr. Thomas F. Droege
Dr. Robert D. Eagleton
Mr. James H Elkins

Mr. Paul D. Epstein

Dr. Samuel Faile

Dr. Avard F. Fairbanks
Dr. John J. Farrell

Mr. D. J. Fazioli

Dr. Al Fermelia

Mr, Mark Ferris

Mr. Harvey Fiala

Mr. Mark Fletcher

Mr. Fred B. Folsom

Dr. Harold L. Fox

Mr. Alfred J. Gartman, Jr.
Mr. Russ George

Mr. Jose Giner

Ms. Judith Gluck

Dr. Peter Gluck

Mr. Mark Goldes

Dr. Alfred D. Goldsmith
Mr. Daniele Gozzi

Fusion/Energy Advisory Council

Project Engineer Group Leader, Smiths Aerospace, Inc.
Principal Materials Engineer - Aerospace

Engineer, Smiths Aerospace, Inc.

ML.LT., Prof. of Aeronautics and Astronautics

Project Engineer, Smiths Aerospace, Inc.

Physicist

Attorney, geologist

Instituto Nazionale Fisca Nuleare, Italy

Radian Corp., Austin, TX

Config. Management Specialist, Smiths Aerospace, Inc.
QMI

Instituto Nationale Fisca Nucleare, Italy

1984, 88 & 90, Congressional Dem. Prim. Candidate
CERN (Geneva) and Milano University

Comdisco Systems, Inc.

Design Engineer, Smiths Aerospace, Inc.

Universitat Autonoma Bareelona, Spain

Group Leader, Smiths ‘Aerospace, Inc.

KMS Fusion (contraector)

Inventor, industrialist

President, Snowflake Mtg, Ltd.

Fermilab

California State Polytechnic University

Consulting Engineer

Epstein And Fass Associates

Cold Fusion Products

Electrical Eng. & Physicist, Fusion Information Center
Franklin and Marshall College

Mgr, Mechanical Engrg, Smiths Aerospace, Inc.

Nova Resources Group, Inc.

Electric Tech., Metrology Lab, Smiths Aerospace, Inc.
Rockwell International

Engineer, Smiths Aerospace, Inc.

Mechanical Engineer, Smiths Aerospace, Inc.

Fusion Information Center

Engineer, Mat’] Analyst, Smiths Aerospace, Inc.
Research, Inc.

Giner, Inc.

Chemist, Inst. of Isotopic & Molecular Tech, Romania
Institute of Isotopic & Molecular Technolgy, Romania
Mapgnetic Power, Inc.

Physicist

Dpt. of Chemistry, Univ. "La Sapienza”, Rome, Italy
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Dr. Barry Green
Mr. Paul F. Green

Mr. Tom Green

Mr. Alfred A. Gugelmann
Dr. Lin Guang Hai

Ms. Kathy Haigh

Dr. Maurice B. Hall

Mr. Roger P. Ham

Dr. Peter H. Handel

Mr. Grant B. Harris

Mr. Frank Hasiwar

Dr. Gerald S. Hawkins, D.Sc.
Col. Meredith E. Hendricks
Dr. Dalibor Hodko

Mr. Stuart Hollander

Dr. Heinrich Hora

Mr. William M. Horton

Dr. Hideo Ikegami

Mr. Paul William Isidisin
Dr. P. K. Iyengar

Mr. Neil R. Jacob

Dr. King-Tsai Jeng

Dr. Shang-Xian Jin

Mr. Dennis A. Jones

Dr. Walter Juda

Mr. Charles Kaminski

Mr. Enloe W. Kay

Mr. Kevin Kelleher

Dr. John Kenny

Dr. Norbert J. Kertamus
Dr. Boris M. Khudenko, P.E.
Mr. James A. Kidd, Jr.,.P.E.
Dr. Scott Kimbrough

Mr. James B, Klay, Jr.

Dr. Henry H. Kolm

Mr. Roland Kolter

Mr. Melvin Labitt

Dr. Kerry Scott Lane, M.D.
Mr, Al Leedahl

Dr. Jiaquan Li

Dr. Xing Zhong Li

Dr. Bor Yann Liaw

Dr. Bruce Liebert

Dr. Charles W. Lindenmeier

Physicist

Director of Engineering, Smiths Aerospace, Inc.
Manager Technical Publications, Smiths Aerospace
Lic phil nat (Physics), Thalwil, Switzerland

Texas A&M University

Engineering Admin. Asst., Smiths Aerospace, Inc.
National Bureau of Standards, Retired

Science columnist, Executive Intelligence Review
University of Missouri, St. Louis

Workframe, Inc.

Mathematician, Rio Hondo, CA

Smithsonian (Ret.) Prof. Astronomy, Boston U. (Ret)
U.S. Army, Retired

Texas A&M University

Computer Consultant

CERN, Switzerland

Logistics Section Leader, Smiths Aerospace, Inc.
National Institute for Fusion Science, Nagoya, Japan
Civil Engineer, Bayonne New Jersey

Chairman, Atomic Energy Commission, Gov. of India
Senior Design Engineer, Smiths Aerospace, Inc.
Texas A&M University

Graduate School, Chinese Academy of Science
Software Engineer, Smiths Aerospace, Inc.
Electrochemist, Chairman of Board, Prototech Co.
Coneerned citizen

Sr.Reliability Engineer, Smiths Aerospace, Inc.
Research Engineer, Smiths Aerospace, Inc.

Prof. of Physics, Bradley University, Peoria, IL
Southern California Edison

Khudenko Engineering, Inc.

Private citizen; 1J.S. Army Materials Technology Lab.
University of Utah

Design Assurance Group Leader, Smiths Aerospace, Inc.
M.LT. Senior Scientist (emeritus}, Lecturer

Physicist

M.IT.

Applied Fusionetics

Engineering Design Concepts

Asst, Research Prof., Southwestern Inst Physics, China
Dir. Fusion Power Prog, Tsinghua U.,, Bejing, China
University of Hawaii at Manoa

Associate Professor, University of Hawaii

Siemens Nuclear Power Corp.
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Boguslan Lipinski
Angel] L. Lozano
Eugene F. Mallove
Alfred S. Marotta
John Marshall III
Juan Martinez
Alex Matassa
Gregory L. Matloff
T. Matsumoto
Frederick Mayer
Neil McCanney
Harold D. McKee
J. Rand McNally, Jr.
Ravi Kumar Meruva
E. A. Mettenet
Melvin Miles
Laddy M. Miller
Ljiljana Minevski
Zoran Minevski
Tadahiko Mizuno
Richard S. Moog
John W. Moore
Oliver J. Murphy
T. S. Murthy
Dean S. Musgrave
He Muzhi

Thomas Najarian
Fujio Nakano
Ronald Newman
Ken-ichiro Ota
Eric H. Ottewitte
David A. Paddock
Evelina Palibroda:
Stephen J. Pike
Deane H. Platt

William J. Pollard, P.E.

Richard D. Powell
Giuliano Preparata
Lee Pritchard
Louis G. Puls, Jr.

Lawrence G. Quintana

Robert P, Rafuse
M. Ragheb
Evan Ragland

Tufts University, Boston, MA

Northrop

M.LT., Engineer and author

Physicist, U.S. Army Materials Technology Lab. (Ret.)
Surface Solutions, Inc.

Design Engineer, Smiths Aerospace, Inc.

Chemist, H.B. Fuller Co.

Long Island University / City University of New York
Hokkaido University, Japan

Mayer Applied Research, Inc.

Principle Development Engineer, Smiths Aerospace, Inc.
Software Engineer, Smiths Aerospace, Inc.

Fusion Energy Consultant

Texas A&M University

Consultant, Utah Fusion/Energy ‘Advisory Council
Naval Weapons Center

Group Leader, Smiths Aerospace, Inc.

Texas A&M University .

Texas A&M University:

Faculty of Engineering, Hokkaido University, Japan
Franklin and Marshall College

New Business Development Manager, Dupont R&D
Lynntech, Inc.

Dir. Isotape Group (Retired) & Consultant, BARC, India
Directory Ultrafibre, Inc.

Texas A&M University

Physician

Journalist author, Japan

BBN Software Products

Yokohama National University, Japan

Idaho Naticnal Engineering Laboratory

Engineer

Instutute of Isotopic & Molecular Technology, Romania
Nova Resources Group, Inc.

Systems Analyst

Pollard Engineering Company

Lab Technician, Smiths Aerospace, Inc.

Universita’ Di Milano, Italy

Oakland University

Museion Research Corp.

Los Alamos National Laboratory

M.LT. Lincoln Laboratory

University of Illinois at Urbana - Champaign
Engineer
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Dr. Raj K. Rajamani

Mr. Chip Ransford

Mr. Michael J. Ravnitzky
Dr. John R. Reitz

Dr. Abdu Reyimjan

Mzr. Clayton R. Robert
Mr. Stephan A. Roen
Mr. Richard G. Rohde
Mr. Charles Ross

Mr. Andrew E. Rothovius
Mr. Jed Rothwell

Mr. Donald E. Rykken
Dr. Carlos Sanchez

Dr. Gary Sandquist

Mr. William J. Sauber
Dr. Franco Scaramuzzi
Mr. Karl Scheucher

Mr. Karl F. Scheucher
Dr. Glen Schoessow

Dr. Julian Schwinger

Dr. Charles D. Scott

Mr. Cliff J. Scribner

Ms. Carole Seffrin

Dr, Nobuo Shimazu

Dr. V. K. Shrikhande

Dr. Massoud Simnad

Dr. M. Srinivasan

Dr. Supramaniam Srinivasan
Mr. George A. Stage

Dr. Michael R. Staker, P.E.
Dr. Frank Stenger

Mr. Mark L. Stevens

Dr. Edmund K. Storms
Mr. Roger Paul Stout, P.E.
Mr. Veni Sumaria

Dr. Mitchell R, Swartz
Dr. A. Takahashi

Dr. Carol Talcott-Storms
Dr. Donald C. Taylor

Dr. Charles Tennakoon
Mr. Doug Tennant

Mr. Daniel H. Thompson
Mz E. C. Tibbals

Mr. Christopher P. Tinsley

University of Utah

Nova Resources Group, Inc.

Concerned citizen, Alliant Techsystems, Inc.
Independent consultant

Texas A&M University

Systems Analyst, Quantum Mechanics

Patent Attorney

Staff Programmer, State of California

Kansas City Power & Light Co.

Columnist, Peterborough (NH) Transcript
Cold Fusion Research Advocates

Perfection Dental Labaratory, Inc.

Universidad Autonoma, Madrid, Spain
University of Utah

President, Aquari Corp.

ENEA, Frascati, Italy

Retiree from TRW - R&D Engineer

Modtech Corp.

University of Florida

Nobel Laureate in Physics, UCLA

Chemical Engineer

Motorola, Iné.-Mechanical Engineer

Secretary, Smiths Aerospace, Inc.

Physicist, NTT LSI Laboratories, Japan
Neutron Physics Division, BARC, India
University of California in San Diego

Head, Neutron Physics Division, BARC, Bombay, India
Center for Electrochem. & Hydrogen Resrch, Texas A&M
Orion Research

Private citizen; U.S. Army Materials Technology Lab.
Dept. of Computer Science, University of Utah
M.L.T. Lincoln Laboratory

Los Alamos National Laboratory

Motorola Inc. Advanced Packaging Design
Sumaria Systems, Inc.

Jet Technology

Osaka University, Dept. of Nuclear Engineering
Los Alamos National Laboratory

President, SRM Corporation, Denver, CO
Texas A&M University

Program Manager, Smiths Aerospace, Inc.
Motorola, Inc.

Vaughn Precision Products, Inc.

Computer Engineer

.



Mr. Kent Tolley

Dr. Massimo Tomelini
Dr. Marcello Truzzi

Dr1. V.A. Tsarev

Dr. Han S. Uhm

Dr. G. R. Valenzuela

Dr. Stanley H. Vegors, Jr.
Dr. Gopala Venkateswaran
Mr. James D. Vera

Mr. J. 1. Waisman

Ms. Laura R. Walker

Dr. Fritz G. Will

Mr, Steven E. Windner
Mr. Joe K. Winner

Dr. Michael Wixom

Mr. Larry Wolf

Mr. She-Sheng Xue

Mr. Don Yansen

Mr. Frank Yashar

Dr. Jerry Zenger

Dr. Sheng-Bai Zhu

Ms. Charlotte Zimmerman
Dr. Dorel Zugravescu

Dr. Paul G.H. Zugravescu

96 Concerned Citizens -

. Riehara L. Albert

. A. Amokrane

Marie Claire Amokrane
. John G. Bailey

Robert W, Barton

. Mchamed N. Baterdouk
Ken Berian

Arlene C. Berry

Terry Burnsed

. Ray Busch

. Michele R. Capps
Charles Carrol

Ms. Eloise E. Carrol

Mr. Robert L. Carroll

Ms. Lillian Chodorow

Ms. Shirley Palmer Collier
Mr. Wm. H Conboy

SEEESSESSFRSE

Rockwell International

Dept. Chemistry, Univ. di Roma, Italy

Dept. of Sociology; Eastern Michigan University
Lebedev Physical Institute, Academy of Sc., Russia
Naval Surface Warfare Center

Naval Research Laboratory, Washington, DC

Physics Department, Idaho State University

Applied Chemistry Div., BARC, Bombay, India
Engineer

Consultant, Southern California Edison

Engineer, Smiths Aerospace, Inc.

University of Utah

R&D, Smiths Aerospace, Inc.

Manager of Fuel Syst. Design, Smiths Aerospace, Inc.
KMS Fusion 1984 - 1991

R&D Lab, Smiths Aerospace,Inc.

Instituto Nationale Fisca.Nucleare, Italy

Crossroads Technology

Digital Instruments - Santa Barbara, CA

Univ. of Utah, Engineering Experiment Station
Texas Tech University

Los Alamos National Laboratory

Director Inst. of Geodynamics; Memb. Romanian Acdmy
General Mgr, Chiminform Data, S.A., Bucharest Romania

Configuration Management Clerk, Smiths Aerospace, Inc.
Executive Manager

Concerned citizen

Schiller Institute

Robert W. Barton & Associates

Concerned citizen and college student at WPC, NJ
Concerned citizen

Marketing Manager

City Stage Ensemble

Concerned citizen

Smiths Aerospace, Inc.

Teacher, Belpre High School

Corning Glass Works

Carroll Research

Champaign for Internat. Diplomacy; Gray Panthers
Concerned citizen

Mktg V.P. {Ret.), Shelter Insurance Co.
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Ms.
Ms,
Mr.
Mr.
Mr.
Ms.
Mr.
. John Devlin

. Gordon Erickson

. Charles A. Evans

. Judith B. Evered

. Paul D. Fairchild

. Eliza McCormick Feld
. Bonnie K. Fiala

. James Fiala

. John E. Fiala

. Kathy Fiala

. Peter E. Fiala

. Harriet Fine
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Joseph P. Conrad
Isabel S. Courtney
Sheila M. Cronin
Stephen R. Daisy
Terence E. Dalton
Den’alh Damron
Eileen Danahy
Hal Davis

Ronald Flores

. Vernon Fogg

Betty Fortson

. Donald L. Fredley
. Brent Frye

Thomas J. Gilmore

. Jeremiah Hallaren

Majorie Mazel Hecht
Lyn Hendred
Evelyn Hermanstyne

. Dan Hiester

. Dorothy B. Holland-Kaupp
Mr.
. William F. Jackson

. Vannessa Johnson

. Debra King

. Edwin A. Klinkhammer
. Mary Krah

. Doris J. Langlois

. David A. Lewis

. Ruth Lippmann

. Elizabeth L. Lozano

Dennis J. Ingalls

Ernest G. Martin, Jr.
Lynn W. McCanney

President, Cactus Communications

Southern Connecticut State University ISIS Program
Southern Connecticut State University ISIS Program
Retired teacher (Latin & English) State of Mass.
Musician

Student, CSU

Denver Museum of Natural History

Concerned citizen; Mktg Mgr, ISI

Prudential Financial Services

Concerned citizen, Tampa FL.

Manager, University of Utah Research Park
Women’s International League for Peace and Freedom
Private citizen

Mass. Bar Association

Science Teacher

Registered nurse

Continental Airlines

College Student

College student

Concerned citizen

Business Consultant - Private Citizen

Concerned citizen

Concerned citizen

Eden Bam Industries

Cone¢erned citizen

Retired Chairman of Philosophy, Gonzaga University
Concerned citizen

Managing Editor, 21st Century Science & Technology
Concerned citizen

Concerned citizen

Theatre producer - director

Women’s International League for Peace and Freedom
International Caucus of Labor Committees

Art Director, Smiths Aerospace, Inc.

Concerned citizen, Public Service Co. of Colorado
Concerned citizen

Southern Connecticut State University ISIS Program
Smiths Aerospace, Inc.

Concerned citizen

Concerned citizen

Concerned citizen

Concerned citizen

Attorney at Law, Gulfport MS

School Teacher
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Ms. Pamela H. Meares Teacher

Ms. Katie Minor Teacher

Mr. David D. Moon Concerned citizen; former H.S. science teacher
Mr. Cris Moore Concerned citizen; student, Univ. of Maryland
Ms. Dianne P. Moore Concerned citizen

Mr. John J. Moore Lindly & Co., Inc.

Ms. Lisabeth Moore Concerned citizen; student, Univ. of Delaware
Mr. Guy Murchie Author and former airline navigator

Ms. Marie J. Murchie Retired social researcher, Brandeis University
Mr. David M. Nadeau President, Super Steak Sub Shoppe, Inc.

Ms. Silvana Neal Musician

Mr. Nicklos J. Plehn II Student, University of Michigan

Ms. Paulette Pope Vice President, TDC, Inc.

Mr. Anu Pugalia Student

Ms. Miriam Rakieten Concerned citizen

Mr. Emil B. Rechsteiner Concerned citizen

Mr. Eddie Russell President, Country Eastern Music Assoc.

Ms. Ruth L. Sanchez Teacher

Mr. Daryl Sattui C.E.O,, V. Sattui'Winery

Mr. Reinhard Scheil Psychiatric social worker

Mr. Leo W, Seal, Ir. Concerned citizen

Mr. Jerry Shapiro Concerned citizén

Mr. Jon Shapiro Concerned citizen

Ms. Mollie Shapiro Concerned citizen

Mr. Joe Simmons Architect

Mr. W, Evan Sloane M.IT. Management Alumnus (Johns Hopkins Undergrad)
Mr. James Philip Sperry Concerned citizen, Student, Tampa, FL

Mr. Frank N. Stempfer - Eden Barn Industries

Mr. Thomas E. Stolper Author

Mr. David A. Sutherland Concerned citizen

Mr. H.L. Thornton Concerned citizen

Ms. M. Jeanne Thornton Concerned citizen

Ms. Donna Unck University of Utah Research Park

Ms. Theo S. Vaughey Museum Trustee

Ms. Carol White 21st Century Science & Technology Magazine



Cold Fusion Research Advocates
2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341

Phone: 404-451-9890 Fax: 404-458-2404
January 29, 1992
Recent News From Japan

On Jan. 27, the top cold fusion researchers gathered in Nagoya for the ISEM IEEE
meeting, to hear the latest exciting news. Dr. Tkegami of the National Institute for Fusion
Science chaired this meeting. Featured speakers include Dr. Srinivasan of BARC, India, and
Dr. Takahashi of Osaka National University, Department Of Nucleat Engineering.

The press covered the meeting enthusiastically and in depth, particularly the Nikkei,
Japan’s equivalent to the Wall Street Journal

I have talked to several people in the last fewweeks. They were all busily preparing
their presentations. NTT (Japanese equivalent to Bell Labs) continues to get good heat
results with gas loading. Dr. Mizuno at Hokkaido and Dr, Takahashi at Osaka have had
spectacular results. Takahashi’s device is a 1 mm thick X 35 mm X 35 mm palladium plate.
On Jan. 17th he told me he was is inputting 30 watts ‘of electricity and outputting 90 to 100
watts of heat. The reaction had continued for.18 days, outputting more than 100 megajoules
of excess energy. By Jan. 27th, the day of the meeting, his average excess had climbed to 150
watts, and the device had output more than 200 megajoules of heat. This is thousands of
times more heat than any chemical reaction could possibly produce.

Until this year, the generous support for cold fusion research offered by the Japanese
government has come from Ministry of Education, through the National University
Laboratories. Every major National University now has a group researching cold fusion.
Support for cold fusion work at Japan’s eminent hot fusion laboratory in Nagoya (Ikegami's
group at NIFS) eomes from both the Government and from a consortium of power
companies. [kegami“has also been in charge of allocating special funds from NIFS to
researchers at other National Universities.

The total amount spent per anum in the National Universities is impossible to
compute accurately, because most of the money come from discretionary funds under control
of University Departments. Estimates are that within the National Universities, Japan spent
around $11 million on salary and overhead, and about $4 million on equipment during 1991,
but that amount is expected to increase considerably in 1992. This is a stark contrast to the
U.S.,, where no Federal or State money was allocated for cold fusion research in 1991, and
none is available now.

This year, many top researchers are confident that MITI will begin playing a role as
well, as cold fusion begins to leave the experimental laboratory environment and enter full
scale industrial development.

- Jed Rothwell



Cold Fusion Research Advocates
2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341

Phone: 404-451-9890 Fax: 404-458-2404

February 6, 1992

From: Nikkei Shimbun
01/28/92
[no byline]
Translation by Jed Rothwell

Excess Heat, 150 Watts Average
Stable Heat Generating Reaction is Achieved

Neutron Emissions Detected

Osaka University Cold Fusion Experifaent

On Jan. 27, during an international Symposium in Nagoya, Professor Akito Takahashi,
of the Department of Nuclear Engineering, Osaka University revealed that he has achieved
stable heat generation in a foom-témperature (cold) fusion experiment. During the
experiment which began in December, and ran for about one month, he got an average of
150 watts excess heat. Professor Takahashi says he considers it very likely that this excess
heat is being caused by cold fusion. But other experts have not abandoned their cautious
skepticism. These other experts give Takahashi high marks for the experiment which shows,
for the first time, the connection between neutron emissions and excess heat, and offers a
theoretical examination of the mechanism which might explain why fusion occurs.

The experimental results were revealed in the International Meeting Hall during the
“International Symposium on Nonlinear Phenomena in Electromagnetic Fields."

The electrolysis device used in the experiment had a one millimeter thick, pure
palladium plate as cathode. The anode was platinum wire wrapped in a coil around the
cathode. The entire apparatus was submerged in heavy water and electrolyzed. The amount
of electricity flowing between the anode and the cathode varied in six hours cycles from a
low input of 0.25 amperes to a high input of 4.2 amperes.

As a result, around December 20th of last year the experiment began to cutput
excess heat. During the low, 0.25 ampere runs, total heat was between 50 and 70 watts;



during the high 4.2 ampere runs, total heat was between 200 and 250 watts, During the low
run, 1.25 watts of electricity used in electrolysis; during the high run 90 to 100 watts were
used. Thus, the excess heat was several tens of times larger than the input during the low
run.

The average excess including both low and high runs was 2 to 3 times the input.
Subtracting the input electricity leaves a total average of 150 watts excess heat output. The
total amount of heat put out during the entire experiment amounted to 200 megajoules.

The total heat output per cubic centimeter of palladium in this experiment was more
than 10 times higher than the heat output per cubic centimeter of a fuel rod in a nuclear
reactor.

The group has also detected neutrons, which are the most positive proof of a fusion
reaction, by using the most accurate type of instrument, a liquid scintillator. In this study, for
the first time, the researchers clearly determined that the number of neutrons declines as
the strength of the reaction increases. The researchers also praoved the replicablity of the
experiment by changing out the cathode midway through the experiment, and restarting the
experiment without difficulty.

A Surprising Amount of Heat Is Output
A discussion by Hideo Fkegami of the National Institute for Fusion Science:

This is the first instance in which the connection between the number of neutrons and
the heat has been so clearly shown. Dr.-Takahashi’s theory to explain these results is
audacious but interesting. I am very surprised to see that the heat ocutput is several tens of
times larger than the electricabdnput. 1 cannot imagine how this could be a chemical
reaction. But we still have to determine the mechanism, before we can declare once and for
all that this is a fusion reaction.
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New method for inducing anomalous nuclear effects in deuter-
ated palladium system

Eiichi YAMAGUCHI and Takashi NISHIOKA

NTT Basic Research La.bora,tories, Musashino-shi, Tokyo 180, Japan

Abstract

We report recent progress of our new technique for inducing anomalous effects in
Pd:D (Pd:H) systems. This “in vacuo” method enables us to detect the charged particles
emission and to perform the mass spectroscopy of released gases\simultaneously. With
100 % reproducibility in obtaining the excess heat evolutioni, explosive gas release and
rapid plastic deformation, we have found that these phenomena are induced by D (H)
transport due to the temperature and strain gradients. We have also observed gigantic
charged particles emission from Pd:D, where the maximum energy was approximately
3 MeV. The occurence of the cha.rged partmles burst was strongly correlated to the
excess heat evolution and gas release.

1. INTRODUCTION

Two years ago, we presented a'new technique for inducing anomalous nuclear effects
in solid systems [1,2]. The key factor+of this method is to form hetero-structures by
placing thin film oxides on a surface’of deuteron-loaded palladium (Pd:D) plate. The
oxides prowde the surface barriers for ionic transport of deuterons in vacuum.

By using this techniquéjwe observed gigantic neutron bursts of (1-2)x10°® n/s, ex-
plosive gas release, uniform biaxial plastic deformation of all three sa.mpl&s and excess
heat evolution, at the sametime, from Mn-0O/Pd:D/Au systems set in a vacuum cham-
ber. We also observ.ed the latter three phenomena by applying this method to Pd:H
systems having the same heterostructures. This gave the first evidence for the fact that
the excess heat production is not caused by D-D reactions.

The advantage of this “in vacuo” method is to enable us, in situ, to detect the
charged particles emission, to perform the mass spectroscopy of released gases, and to
investigate the atomistic nature by various electronic spectroscopies. The purpose of
the present work is to report recent resuits of the simultaneous detection of charged
particle spectroscopy and the mass analysis of released gases as a function of time, as
well as excess enthalpy analysis.

‘2, EXP ERIMENT

In the present work, samples with surface—bamers were prepared by the following
procedure; first, thin filim Mn-O (th:ckness--QDU ) was deposited on one surface of
3.0x3.0cm? Pd pla.tes (thickness=1.0 mm or 2.0 mm) with an electron beam evaporator.
Next, the samples were placed in a vacuum chamber, and annealed at 300—400°C for
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Fig. 1: Schematic diagram of the experimental set-up.

more than 18 hours under vacuum. After loading
D, gas up to ~ 400 Torr in the chamber, the sam-
ples were cooled down by 3°C/min to room tem-
perature. They were then left continuously in the
D, atmosphere for more than 40 hours. Finally,
just after evacuating the chamber, Au film approx-
imately 2000A thick was deposited in situ on the
opposite Pd surface at ~ 10~° Torr.

Measurement setup is schematically shown-in
Fig. 1. It contains two independent systems
of charged particle detectors, mass spectrométers
{Spectramass: Selectorr) and *He neutron:detec-
tors (Aloca Ltd: TPS-451S). Each charged par-
ticle detection system consists of a5i-85D (de-
pletion layer thickness=300pm); a pre-amplifier
(EG&G ORTEC: 142), an ampiifier (EG&G OR-
TEC: 575A) and a multi-channel analyzer for the
pulse height analysis. Progammed electric current
was introduced by a current generator (HP6032A),
where a tungsten needle was used as an electrode
for the Au-coated surface. Several thermocouple
gauges were used to measure the temperatures, and
a strain gauge was put on Au-coated surface to
measure the deformation of the sample.

3. EXCESS HEAT

Typical data for the strain at Au surface, the
voltage, the temperatures and pressures are shown
as a function of time, i, in Fig. 2(a), where the
constant current of DC 5A 4 AC 2A (50 Hz) was
injected at { > 0, and the data was taken at every
2 seconds. As shown in this figure, the increase in
temperatures and the subsequent increase in pres-
sures were observed at about 50 min after the start
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of the electric current injection. A sudden biaxial (a)
plastic deformation of the sample occurred within 8
2 seconds while the suface temperature was rapidly
increased. In this experiment, neither charged par-
ticles emission nor neutron emission were detected.
Figure 2(a) also shows that the circuit resis-
tance was slightly increased around the peak in
temperatures, due to the accumulation of D atoms
at surface. This may result in overestimating the
amount of excess heat production. To avoid such
overestimation, we also performed the similar ex- 2t
periment by using a constant voliage mode. The
results are shown in Fig. 2(b), where the constant
voltage of 0.6 V was applied seriesly to two samples
of Mn-O/Pd:D/Au (see the inset of Fig. 2(b)). It is R, T, W N
clearly shown in this figure that the same increase 0 200 400 600
in temperature occured for each sample. Since this B i
constant voltage mode allows us to underestimate (b)
the excess heat, we can conclude that this temper-
ature increase is really due to the excess heat gen- #2%° o
eration. The generated excess heat was 0.5-1.0 W o 2% & i 3-8 f
and it lasted more than 50 min at every run. Tox 1

180¢ Au E
The result shown in Fig. 2(b) also reveals that p&
& 3

the hydrogen transport is not caused by electron
150

ENERGY / MeV
-~
T
1

TEMPERATURE
"
o Qo
L=

migration but by the temperature gradient, To
confirm it, we performed the following experiment.
We removed the current injection apparatusin the
setup shown in Fig. 1. Instead, we just heated Au
surface of the samples up to 1302C: The tempera-
ture of oxide surface was kept at 80~00°C. After 170
min heating, the sudden biaxial plastic deformation e —
occured, and, at the same time, the temperature of s o prore e
the samples became incréased. This result strongly TIME / min.
suggests that the temperature gradient gives rise to
a main effect on D/H transport. Fig. 3: Observed time evolution
of (a} energy spectrum for charged
particles and (b) temperatures and

4. CHARGED PARTICLES EMISSION pressures.

ool P3 x 100 _.

50 P, .

PREZSURE / 107 Torr

With low reproducibility, we detected charged particles emission. One remarkable
example is shown in Fig. 3. The time evolution of the observed energy spectrum and
that of temperatures, pressures and strains are shown in Fig. 3(a) and 3(b). In this
experiment, we set two samples with thicknesses 2.0 mm and 1.0 mm, and started to
inject a electric current of DC 5A+AC 2A (50 Hz) at ¢ = 0. As shown in this figure,
the first apparent burst of charged particles emission occured when ¢ = 131 — 142 min.
Figures 4(a)~(e) shows the time resolved energy spectra from t = 131 min to 182 min.
As shown in these figures, the maximum energy of emitted particles is almost equal to
3 MeV. Here, note that the energy was calibrated before and just after the experiment by
using *!Am (5.442 MeV; 5.484 MeV) and ***Cm (5.763 MeV; 5.805 MeV). Therefore,
it is most likely that nuclear reaction d + d — p(3.02 MeV) + £(1.01 MeV) occured in
this time region. However, further investigations are necessary to identify the produced



charged particles by using AE — F detector.

It is also shown in Fig. 3 that this first burst
was strongly correlated to the increase in temper-
ature and pressure. Furthermore, all other bursts
of charged particles emission at ¢ = 213 — 233 min,
t = 395 —416 min, and ¢ = 476 — 507 min were also
correlated to the excess heat production. There-
fore, it is expected that the D-D reaction in palla-
dium was caused and/or triggered by the internally
accumulated strain in Pd. However, neutron emis-
sion was not observed in this experiment. It there-
fore suggests that the p + ¢t channel was strongly
enhanced in this system. Just after this run, we
performed the experiment with the same condition
by using Pd:H samples. No charged particles emis-
sion was detected.

5. CONCLUSION

We have reproted recent progress of a new “in
vacuo” technique for inducing anomalous effects in

Pd:D (Pd:H) systems. In performing this method,

we have found the optimal sample preparation con-"

dition to realize the 100 % reproducibility in ob-
taining the excess heat evolution, explosive gas re-
lease and rapid plastic deformation.

It has also been found that these phenomena
are induced by D (H) transport dueto the temper-
ature gradients, The following fact has suggested
that the excess heat was not preduced by nuclear
reactions; namely, the same phenomena of excess
heat generation ete. was easily occured both on
Pd:H systems and on Pd:D system even without
detecting charged particles emission.

Nevertheless, we have observed gigantic charged
particles emission. The energy spectra has shown
that the maximum energy was approximately
3 MeV. The occurence of the burst was strongly
correlated to the excess heat evolution and explo-
sive gas release. Therefore, it is expected that the
accumulated strain induces both D-D nuclear reac-
tion and excess heat production in Pd:D systems.
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COLD FUSION
John O'M. Bockris

Chemistry Department, Texas A&M University
‘College Statiom, TX 77843-3255

A meéora.ndum hasﬂ_ been written on the present state of cold fusion research
as of October, 1991, by Professor Heinz Gerischer.

The significance of this mamo:l.;anglum arises /from Profezfsor Geris-;.zhar's
status.  He is widely ‘reco;nized. to be the ".Léa?ling ﬁhys‘ical ‘electrochemlist in
Europe and would vie for the title on a still wider basis. Apart from his long
term involvement in electrochemistry ixa is well known as a physical chemist 1of
© the hiéhast standing and was, until. 1988, the Direct.:or of the Max Planck
Institute for Physical Chemi_stry An Berlin,
| A -still further significance m;y ﬁa attaché@ to Professor Geriscllmr's
memorandum“because he has been, sinde March .1989, a dedicated oppoﬁent of cold
fusion, taking the pos:l.tion (!iore ‘pronounced, even, in Germany, Prance and
England perhaps, tha.n in the Urd.ted StaEes) l:hat the work of ?1eischmnn and
Pons a.nd. the atmouncement of Maxrch, 1989, was due to poor measurements.

Indeed, I can witness the :Eact that until the Como Conference of July 1991,'.
Professor _Geriécher maintained a negative opinion of the field which he confided
to me at the beginning of the Conference.

My translation of his memorandum follows.



MEMORANDUM ON THE PRESENT STATE OF KNOWLEDGE ON COLD FUSION

H. GERISCHER, FRITZ HARBER INSTITUTE DER MAX PLANCK,

Gesellschaft, Faraday Weg 4-6 D-1000, Berlin 33

Concerning the origin of this memorandum: Between the 30th of June and the
4th of July, there took place in Como, Italy, the Second Annual Conference about
Cold Fusion. This had been organized by Italian groups, principally from the
Universities of Turin and Milan. The joint chairmen of the conference were
Professor T. Bressani (Turin) and Professor G. Preparata {(Milan).

At the end of May I was invited to attend £his, conference as a gkepfical
observer and found that I was down on the program for the last day of the
conference as giving a lecture on the pros.and cons of the field. There were
about 60 lecturers at the meeting in groups from the U.S5.A., Italy, Japan, China,
Soviet Union, and various smaller countriés which all gave their results. Two
comprehensive reviews had beén already sent to me in manuscript form, - one of
them has already appeared (1) and the other will shortly appear. On the basis

of these two reviews Ll was able to prepare myself somewhat for the conference.

il

THE INDICATIONS OF OCCURRENCE OF NUCLEAR PROCESSES IN METAL-DEUTERIUM ALLOYS

In spite of my earlier conclusion, - and that of the majority of
scientists, - that the phenomena reported by Fleischmann and Pons in 1989 (3)
depended either on measurement errors or were of chemical origin, there is now
undoubtedly overwhelming indications that nuclear processes take place in the
metal alloys. The early publications were so full of errors in measurement
technique and in the Interpretation that the euphoria to which the discovery gave

rise was rapidly replaced by disappointment when it turned out that the



laboratories with the best equipment could not reproduce the results. Only very
few groups found similar effects, but even these groups could not find
reproducibility in their own laboratory. Furthermore the supposition that a
fusion of two deuterium atoms could take place in a solid body such as PdD, or
TiD, was contradictory to all theories cltf nuclear reactions, In par;ticular the
observed (or maintained) heat effects bore no relationship to the tiny amounts
of nuclear products which had been found by a few authors. The main search here
went towards neutrons and tritium because according to fusion of two D* nuclei
in hot plasmas, the following two reactions would occur with about the same
probability.
DY + D* >- n (2.45 MeV) + ®He (0.82 Her
D* + D* >- H' (3.02 MeV) + °H (1.01 MeV)

l*iow, the sensitivity of instruments-for detecting neutrons is particularly
good and therefore the majority of the measurements concentrated on experiments
which would give rise to such™detection. This was particularly true in
experiments which were carried out at low tempera.tu::’es from palladiﬁm which had
been previously loaded with deuterium. In the electrochemical loading of
palladium by cathodi€ jevelution of deuterium either from an alkaline or acid
electrolyte in D30. (predominantly with t:-hs electrolyte LiOD) from time to time
a tritium enrichment would be found which was considerably higher than éould
arise from differences expected for separation factors during the discharge of
D,0 from an electrolyte containing DTO. The occasional observation of neutrons
with intensities which were decisively above the background, and with tritium
smounts in the electrolyte which were certainly an indication for the occurrence
for nuclear processes is very significant, but the amounts were so small that the
heat observed could not be explained by their occurrence. Correspondi';lgly, it

has been found that the neutron production is sporadic and occurs in bursts. The



same occurs for the tritium enrichment and also for the heat production.

The occurreilce of such happenings could not in any way be foreseen on the
basis of previous knowledge. Correspondingly, the authors of the papers admitted
that the reported positive results were only occasionally obtained, and that many
experiments ran through without any observable nuclear consequences at all, -
facts which lent further doubt as to the reality of the effects.

As far as the interpretation of the nuclear reactions goes it has been
suggested (4,5) that a reaction occurs which plays no part at all in the hot
plasmas namely:

D + D > “He (0.076 MeV) + v (23.77 MeV) (Equation 3)

The gamme radiation which should occur according to this reaction 1is,
however, not observed. However, very recently there have been reports about the
observation of helium in electrolytically evelved d.-;-uterium .from a LiOD/D,0
solution in cells with palladium (electrodes. In these experiments heat
pfoduction was also calorimetrically ‘observed. The amount of *He was indeed in
the right order of magnit-ude according to equation three altﬁough the agreement
was not quantitative. On the other hand, corresponding water blank experiments

using LiOH/H,0 showed neither any heat excesses nor any helium in the evolved

hydrogen gas. ) :
AN EVALUATION OF THE RESULTS OBSERVED 30 FAR

Although there are many discrepancies in the reports which are at hand, and
although there are many open questions, there now lie before us several
indications that fusion reactions do occur between deuterides in metals. This
gives rise to a new situation. It is entirely an open question whether such
processes could be used as the source of energy but this, of course, can only be

decided if the processes which have been revealed in the work discussed here are



researched and given a theoretical basis. 1In any case I consider it absolutely
necessary that these pﬁennmena are systematically researched and the conditions
for their reproducibility cleared up. That a nuclear reaction can be stimulated
by interaction with a solid lattice and made to take another path from that which
it would take In the plasma, is an entirely unexpected discovery with possibly
wide ranging consequences. It demands confirmation and further experimental
evaluation. In the following a number of experimental and theoretical questions

are raised which are at the present time entirely open.
EXPERIMENTAL PROBLEMS

The overwhelming problem is the lack of reproducibility in the results. .
The anomalous phenomena in palladium and titanium can only be seen after very
long times of loading, usually after sever&lIWeeks. In the loading_there is a
phase change in which the alpha phase is changed to the beta phase and this
- involves a change in lattice constants which gives rise to a volume increase of
about 15%. The microcrystailihe structure of the solid saem; to play an
important role here. " “However, the structure of the solid is not yet
characterized. The lattice structure seems to be an important part of the
conditions necessary for the setting upfhf the anomalous effects.-

In the electrochemical experiments the characteristics of the surface in
the charging of the metal with deuterium plays a great role. These effects in
the electrochemical experiments are greater than those in loading from the gas
phase. The reason for this is probably the increased activity of deuterium atoms
which occur in the first step of loading according to the reaction:

DO + e >- Dyg + OH {Equation 4)

The slower the following reactions (5 and 6) are, - these lead to molecular

deuterium, - the greater is the activity of the absorbed D atoms on the surface:



Dy +Dya > -~ Dy (Equation 5)
Dy + D0 + € > = D, + OD (Equation 6)

The activity of adsorbed atoms determines the loading of the metal lattice
with D atoms which go from the surface to the interior of the lattice. In Ithis
way one can build up a sﬁper-saturation of the 1att1;:e with D-atoms and this
super saturation increases with the surface activity of the adsorbed D. If one
tried to reach super saturation in the metal by increasing the pressure in the
gas phase, enormous pressure-s would be necessary.

In the lilterature is reported that extremely long times'of electrolysis are
necessary before phenomens are observed and these can give rise to the deposition
of impurities on the surface of the electrode.” ‘This gives ri.se: :Ln. turn to a
change of the overpotential in the current.—potential curve (7). and also in the
analysis of the surface composition which will ce;rtainly take place on long term
electrolysis (8). Such absorbance /Can.give rise to an inhi'-biti.on of the
recombination wvelocity of the atoms to deuterium of the surface atoms to the
molecular product In reactions(5 snd 6. In this way the activity of adsorbed
hydrogen can be increased.On the other hand, if the Inhibition affects reaction
4 then the reverse, effect occurs, In fact,. it is possible to think of an
acceleration of reactions 5 and 6 by the fmpurities. Thus, it has been shown for
palladium cathodes that these contain platinum which ocbviously arises by the
partial dissolution of the anode. It is known that if oxygen is evolved at high
rates upon an anode there is certainly the danger of anodic dissolution.
Correspondingly it is known that platinum deposition on palladium increases the
recombination and therefore decreases the activity of adsorbad D,

Apart from the observation of neutrons, proof of the presence of the
nuclear products, %H, %He, and *He are difficult to observe because many of the

experiments are carried out in open systems the evolved gases seldom being



collected. The consumed D,0 has to be replaced. In this way one builds up
impurities in the electrolyte in the cell and the products in the gas phase are
lost. Only very few experiments are carried out in closed systems in which the
D, is converted to D,0 on a catalyst and re-introduced into the electfolyte
(9,10) or.alternatively, the D; wh:i..ch is evolved is oxidized balcl-c to D0 (or D)
(11).

The latter process corresponds to the anodic process in a hydrogen oxygen
fuel cell. In such experiments the reaction products build up“in the electrolyte
or in the gas volumes which are collected. This has so far;only been used for
tritium analysis.

The calorimetric measurements have been g.reatly‘ improved. In tht; op-e.n
cells there are still difficulties concernirg the loss of heat along with the
evolved gases. Closed cells do not have this difficulty ‘b-ut: they are much larger
in volime and are less sensitive to the measurement of heat. In general there
exists in all electrochemical gells the problem that the energy input of the cell
is large (large current densities) and must be carefully measured in order to set.
up a clear and sure energy balance. The uptake of energy wvaries with the cell
resistance and the overpotentials of the electrode. The excess energy in most
of the experiments which have been describe¥ so far is considerably less than the
energy which 1is being used for the electrolysis. A typical excess heat
measurement amounts to 10-20% of the energy put into the electrolysis over
several hours. A few measurements have given 100% and more.! A few
measurements do give 100% of heat and even more but are perhaps somewhat

doubtful. On the other hand, there were plenty of indications at the conference

Note added by JOMB: At a recent meeting at the Southern California Edison
Company, Robert Bush of Pamona University in California revealed measurements on
very thin films which when calculated to a per cc measurement of heat give about
1 kw per cc.



that some authors were withholding their. results because of patent
consideratic:ns.2

The experimental problems in the measurement of gas loading is much less
well known to me and I do not wish to comment upon it. It is noteworthj that
neutron production which exceeds the background intensity can only be obtained

by warming up these samples which have been charged at very low temperatures.
THEORETICAL PROBLEMS

The most decisive problem is the question: How can a $o0lid body influence
the course of nuclear processes?? Thus; the point is, '+ how can the screening
of the repulsive forces between the two atomic. nuclei be achieved so that
successful tunne}ling can occur? The second guestion is, how can the channels
be altered so that they go in the direction of rgactiﬁn 3 and thus allow a ratio
of 10%-10° for the predominance of tritium 6Ver neutrons (compare the expected
1:1 ratic of nuclear chemistry.in hot plasmas).(2)

A further riddle is the absence of hard gamma radiﬁtion.which should occur
corresponding to reaction(d., How can this gigantic energy of this reaction be
diffused over the solid body without emitting radiation (although weak x-rays
have been seen on a photographic plate)fb’lZ). >

There are various attempts at theoretical interpretation (1), and some of
these are really quite far out. It has even been suggested that an unknown

elementary particle is a catalyst in these processes (13). Without sufficient

’Note added by JOMB: In particular Mike McKubre and his group at SRI have
been reporting 250-450% heat for some months. The rumor is that this is an
understatement. EPRI has decided to continue to build a practical plant for the
production of energy from cold fusion which should be completed by 1997.

SNote added by JOMB: On the other hand, the well accepted Mossbauer effect
surely is already an example of the effect of a lattice upon a nuclear process.



material to overview the theoretical contributions I will not make any further

comments on these theories.

WHAT SHALL BE DONE?

The works which have been so far reported are works which concern
individual questions. Attempts are being made to re-produce experiments and to
modify the technique. A systematic characterization of the electrochemical and
experimental conditions has not yet been carried out. As the largest efft‘acts are
being observed wunder these electrochemical coﬁditions it 'is necessary to
concentrate upon the electrochemical experiments.

Fleischmann and Pons reported in thg meetiﬁg in Como concerning their
experiments with palladium alloys (probably with silver) and maintain that they
had been able reproducibly to observe large. excess heats. No details of the

experimental arrangements were given because of their wish to maintain patent

conditions.*

There is also evidenge that the composition of the electrolyte plays a
considerable part in the occurrence of-the anomalous effects. It is absolutely
essential to research the connection between overpotential, hydrogen content, and
surface characteristies of palladiu:_:'t or ‘pilladium alleys in a systematic way.
This could be probably carried out with light hydrogen. Beginning with the
hypothesis that a very high loading of D in metals is necessary for fusion
because in this respect to loading, H and D hardly differ from each other. Ome
could then come back later to the experiments with D,0 and with the knowledge of
what has given rise to the high loading with hydrogen. In this respect it is

necessary to have a method which allows a rapid measurement of the amount of

“The experiments of Fleischmann and Pons are being carried out in Nice with
support of a Japanese group, connected to Toyotel.



hydrogen in the palladium. Here resistance methods are probably the best.
Parallel to the information obtained in these measurements it would be necessary
to build calorimeters which have requisite controls and work in an enclosed
manner so that heat production and nuclear products can also be obsefvedfﬁith a
minimum amount of amﬁiguicy. ‘The decisive proof'of the rising of excess heat by
nuclear reactions will, of course, be the occurrence of the corresponding amount
of *He. 1If this can be cOnfirmed, further steps for the optimization of the
energy vield can be ca%ried out.

These goals require the cooperation of scientists frem various fields. One
needs electrochemists, metal scientists, particularly those with knowledge of
metal hydrides, engineers for the-building of cells and th; cémputerization aof
data, persons with experience in calorimetry,_mass spectroscopy, and one needs
nuclear physicists for the radiation maasﬁxements. A team of this kind should
be in position to clear up the basic situation fairly quickly. Of course, the
first thing is to confirm the facts. The fact that, in the Republic of Germany
this work has been inhibited is no/more justified. It could later on be regarded
as a very unfortunate gap in German research when compared with the present

activity in other countries and particularly in Japan.
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Arthur C Clarke, car

*LLESLIE'S HOUSE", 25 BARNESPLACE, COLOMBO Y, SRELANKA.
Telephone 941- 699757, 694255, Cellicl: 444055  Fax: 941- 696730  Cuble "UNDERSEA COLOMBO*

Dr Eugens F Mallove 9 Jan 1992
171 Woodhill-Hocksett Road
Bow, New Hampshire 03304

Dear Genhe,

Thanks for your letter of 31 December. By an odd
coincidence see this fax I’ve just sent to my-agent.

You mdy not know, but I’ve been interested in ‘cold-
fusion’ for a long time, partly because ¢f my connection
with Luie Alvarez: I plugged it in Qﬂz_ggz i

I‘ve not had time to read all the documentation which you
sent, but of course, will be doing 8o - meanwhlile here’s
the petition duly signed (I think this is the first time
I’ve ever signed onel)

Incidentally, I wonder if Jim Fletcher’s death has had any
affect on the controversys

My guess is:

1. There’s a 90% probability that gomething odd
is going on

2. There’s ‘a 10% probability it will be of no
practical importance - it seems too good to
hope for!

Of course, I’ll be delighted to be proved
wrong on (2).

Meanwhile, all good wishes,

el

Dr arthur C Clarke, CBE

encls Petition
Fax to DHA
Ego 91 & letter to Maddox



Arthur C Clarke, cse

"LESLIE'S HOLSE®, 25 BARNES PLACE, COLOMRBO?, SRILANKA,
Telephoner 941- 699757, 694255, Celleek: 444055 Fux: 941- 698730 Cable "UNDERSEA COLOMBO"

Mr John Maddox 5 Jan 1992
Editor - Nature

4 Little Esszex Street

London WC2R 3LF

I"Whﬂhh s b

Daar Johnh,

Dr Eugene Mallove has just sent me a whole pile of
literature on the ‘cold~fusion’ furer: It now
seems very probable that something anomalous is
happening though I doubt if it will be of any
practical value. However, the implications are

sc anormous that even a very long shot should be
investigated.

I hope Nature will give the matter full coverage -
but don’t send my friend Randi to make tests - he

and I are currently plotting the exposure of a
famous pious fraud....

All good wishes,

Dr Arthur C Clarke, CBE

Chancellor: International Space Unliversity

cc Dr Eugene Mallove



DEPARTMENT OF THE NAVY

NAVAL WEAPONS CENTER
CHINA LAKE, CALIFGRNIA B3BBE-S00!

N REPLY REFER TO.

5 December 1891

An Open Letter 1o Fellow Scientists

Nature is a prestigious international journal that has played a leading role in many
imporiant scientific developments since it was first published in 1869. However, their
treatment of the recent cold fusion controversy has been somewhat less than fair.
Science is always concerned with the search for truth and the exposure of errors,
Although the scientific method will eventually lead to the resolution of the cold fusion
controversy, it is now clear that this anomalous effect cannot be readily dismissed as
experimental error. The publication of apparent errors and incorrect conclusions,
however, such as in the two papers by N. Lewis et al.; cartainly hinders the quest for
truth about this phenomena. A more careful and unbiased review and evaluation is
needed for submitted papers on both sides of the ¢ald fusion controversy. | hope that
Nature will honor its long tradition in seeking scientific truths and correcting errors by
publishing my enclosed letter.

MW)elirmin H Wlao
DR. MELVIN H. MILES



DEPARTMENT OF THE NAVY

NAVAL WEAPDONS CENTER
CHINA LAKE. CALIFORMNIA $3555- 80

3910
3853/508
- 5 Dec 91

John Maddox, Editor
Nature

4 Little Essex Street

London, WC2R 3LF

Great Britain

Dear Sir:

Two publications by N. Lewis et al.1.2 were a major factor in turning the sclentific and
public opinion against cold fuslon. Ignoring any debate about cold fusion, there are
apparently major flaws in the calorimetric experiments reported by N. Lewis et al. that
have been brought to my attention by Dr. V. Noninski. For falrness and accuracy,
these errors by Lewis and co-workers need to be presented to the scientific
community.

The fundamental error in the calorimetric experiments of N. Lewis et al.1.2 was the
variation of both the electrolysis and resistor powar while maintaining a constant total
power. This error can readily be seen by the following simple algebraic notation:

P = Pg) 4+ Px (when Pr=0)
Py=Pg # Py + Py (when Pr #0)

where Py is tha total power, Pg; Is the elactrolysis power, P is the resistor power, and
Pyx Is the excass power (if any). Thus

-PT 'P P P '|'P P

If the cell temparature is kept constant, APt = 0, hence

Py - Py =Pz, + Py - P

The experimental observation by N. Lewis et al. that P [+ P - Pg) = 0 can only prove
that Px - P, = APx = 0, i.8., the excess power (if any) d'd not change significantly with
the change in Pg) (current density). It definitely does not follow that Px or Py is zero.
Contrary to the claims of the authors!.2, a study of this nature is completely incapable
of proving that no anomalous power was produced.

P :'2.

iN REPLY REFER TO!

il



The increasing heating coefficients (h.c.) reported by N. Lewis et al.! from 14.0 to
15.9°C/W (Table 3) suggest an excess enthalpy effect of over 13% in D2O/LIOD. The
heating coefficient can be expressed as

= ATy + ATx
h.c. PT

where AT, is the Joule heat contribution to the cell temperature change produced by
Pg + P and ATy is the cell temperature change due to any excass powar (Px). In HzO
or early stages of D20 experiments, Py = 0, thus ATx = 0 and the true heating
coefficient is obtained. [f excess powaer is present, ATy >0, hence a larger heating
coefficient is obtained. This error is due to the neglect of the unknown amount of Py
and using only Pg + PR to determina the total power. Recalibrations with the load-
resistor method used by Lewis et al.1.2 would not be valid when an unknown amount
of anomalous power is present. If heating coefficlents in\Hz0/LiOH are used (Table
3)! where no anomalous power Is expected, then an even larger excess enthalpy Is
suggested for the D20/LIOD studies. The largest amount of excess power from Table
31is 1.1 W/cm? at 140 mA/em2, This is in excellent agreement with rasults reported by
M. Fleischmann et al.3.

A closer examination of Table 2 of Science? and Table 3 of Nature! shows that the
sum of Pg + PR required 1o malntain a constant cell temperature in D20/LIOD is always
greater for the experiment at the lower current density. Although this effect is small, it
is consistent with the presence of an anomalous power that increases with current
density as reported by M. Fleischmann et al.3.

Possible calorimetric-errors due to D2-02 recombination or to the rate and/or form of
gas evolution proposed by N. Lewis ot al.12 are simply not valid. Many recent
studies* have shown that Dz-O, recombination is insignificant for flooded Pt and Pd
electrodes as used In the Lewis experiments. Recent studies in our iaboratory show
essentially the same cell temperature versus applied heating power relationship for
electrolysls power as found for resistor power where no gas evolution occurs. Gas
evolution, therefore, does not significantly affect the heat transfer coefficients in
electrochemical calorimetric ceolls as suggested by N. Lewis!2.



Finally, the 1 p.p.m. detection limit for helium measurements in the effluent gases
reported by N. Lewis et al.1 is far too insensitive to measure the 4He yield from the

2H + 2H — 4He + 23.8 MeV fusion reaction. Assuming an excess power of 1 W/cm3
(Pd volume was 0.31 cm3) would yield cnly 0.043 p.p.m. of 4He in the effiuent gas for
the N. Lewis study at 64 mA/cm2. The detection of 4He in the effluent gases from cells
producing excess powser has bean reported for cold fusion studies using more
sensitive methods.5.

Sincerely,

WMelimnn H Ylaa.

DR. MELVIN H, MILES

Chemistry Division, Research Department
Naval Weapons Center

China Lake, CA 93555, USA

1. N. S. Lewis, et al., Nature, 340, 525 (1989)

2. G. M. Migkelly, et al,, Science, 246, 793 (1989)

3. M. Fleischmann, et al., J. Electroanal, Chem., 287, 293 {1980)
4. E. Storms, Fusion Technol. 20, 433 (1991)

5. B. F. Bush, et al., J. Electroanal. Chem., 304, 271 (1981)
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3810
3853/505
3 Dec 91

Dr. Vesco Noninski
16 Hickory Hill Lane
Framingham, MA 01701

Dear Dr. Noninski,

| have carefully studied the two papers by N. Lewis, et al. (Nafure, Vol. 340, pp. 525-
530, 1989 and Science, Vol. 246, pp. 793-796, 1989) along with your unpublished
paper and agree completely with your conclusions. Flaws in the method used by
N. Lewis make his experiments fundamentally incapable of proving whether excess
power was or was not produced. Furthermore, the experimental data presented by
N. Lewis yields strong indications that excess power was produced contrary to the
conclusions of the authors.

The arguments you present regarding the experiments by N..L.ewis would be more
readily understood if expressed in simple algebraic. notation as follows:

PT = PEI + Px {Whﬂl’l PR = 0}

Pi=P, 4P 4P (when Pr = 0)

where Pt is the total power, Pg;is the electrolysis power, Py Is the resistor power, and
Pyx is the excess power (if any).. Thus

APy = Ppe Py =Py~ P - P+ Py - Py

It APy =0 then the cell temperature would remain constant and

Py Fx =Py + PPy

The experimental observation of P'EI + P;l - Pg,2 0 can only prove that P, - P; =0,
i.8., the excess power (it any) did not change significantly with the change in Pg,
(current density). This study absolutaly does not prove that no excess power was
present. It is a fundamental mistake in cold fusion experiments tc vary both the
electrolysis power and resistor power while maintaining a constant total power.



The following diagram shows this very clearly:

7~ 7 Fr=Pr
Py P,

x______-_-____:_x_:- Thus PX-PK.P'EI+PH'PEI
PEI Pg + Pp

~ .

Furthermore, the heating coefficient (h.c.) can be expressed as

g LT

where AT, is the Joule heat temperature change due 10 Pg).+Pr and ATy is the
temparature change due to any excess power (Py). In HaO or early stages of DoO
experiments, Px = 0, hence ATx = 0 and the true haating coefficient is obtained. When

exgess power Is present, ATx>0, hence a largaph.c: is obtained. This error results
from the neglect of Py and the use of only the electrolysis and resistor power in
determining Py in the calibration. The increasing-h.c. in Table 3 (N. Lewis) from 14.0
to 15.9 suggests an excess heat affect of ovar 13% in D20.

Finally, the 1 p.p.m, limit for 4He detection in the effluent gases reported by Lewis

would not be sensitive enough to measure the 4He yield from 2H + 2H —» 4He +
23.8 MaV even when an excess power of 1 W/cm3 is present. Therefore, the 4He
measuraments by N. Lewis-also prove nothing.

These two papers by N. Lewis et al. were a major factor in turning the scientific and
public opinion against cold fusion, hence these major flaws need to be exposed.

Sincerely,

Wialwern H. YW l0a,

DR. MELVIN H, MILES



1137 National Press Building
i Washington, D.C. 20045
Telephone (202) 737-2355

In reply please guote:
NO857 DL/LB

May 3, 1891

Dear Dr. Noninski,

I enclose at last some brief comments on your letter from Dr Nathan
Lewis, to whom I sent it for advice. He once again disputes your
arguments (for essentially the same reasons as our independent
reviewer did some time ago), and I am sorry to say-that we cannot
change our earlier decision not to publish your letter in Nature.

The objections to your argument are that a heat excess independent

of applied current is contrived, and ceratinly not what proponents

of cold fusion have suggested, and in additien that such a form of
heat excess is contradicted by some, if not all, of Lewis'

experiments as well as by many other negative results from efforts

to duplicate cold fusion. It is no~good proposing an unorthodox

explanation for Lewis' results if that explanation jis directly

ruled out by, for example, the results from Harwell - unless you

intend to produce a different-version of cold fusion for every

xperiment that has been performed.

The only way that I know . to.canvince the scientific world that cold
fusion 1is real would be te show how to reproduce the effect
reliably and reproducibly, ©vercoming all doubts about measurements
errors and contaminations. Even if your contrived attempt to
explain Lewis' results were right, it would persuade no one that
cold fusion should be taken seriously.

I am sorry that we must persist in our negative opinicon of your
work, but it seems clear by now that you are not pursuing a useful
path. I can see no likelihood that Nature would wish to publish

your work as long as you persist in such & narrow enterprise-
against one part of Lewils' work.

Sincere

|

Dr David Lindley -
Associate Editor ' — N

O

Publhed by Macmillan Magances Lid. 4 Linle Esses Street, Longon WE2R 3UF, England



While it is true that our open system measurements wara not sensitive tc
any current-density independent excess heat (as clearly stated in our orignial
Nature manuscript), Pons and Fleischmann clsariy stated in their work that they
only observed current-density dependent excess heat. Qur original -
experiments wouid have readily detected this heat; we clearly did not see such
excesses. N&N have used the incorrect rod diameter in comparison of our
resuits woth the original Pans and Fleischmann work; they. shouid consistently
compare our 0.2 cm diameter rods to the ariginal 0.2 cm measurements, in
which case it is clear that the current density dependent.excess heat claimed by
Pons and Fleischmann is far in excess of our experimental errors. N&N have
now also proceeded to invent a new hypethetical type of heat that they claim
could have been missed in our experiments,.and which was not reported by
Pons and Fleischmann in their experiments. . However, the closed system
measurements from our group and from other groups rule out all possible
sources of excess heat, including both-current density dependent and current
density independent types, clearly illustrating that no types of excess paower
nave been cbserved in our measurements of Pd/Dg0 electrolysis. Thus, their
hypothatical points are really in‘contradiction to the experimental data in the
literature at present. If you need-any further information cn this topic, please
feel free to contact me.
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Mr. Jed Rothwell LIa?‘Llo

2060 Peachtree Industrial Court L5/ 2~

Suite 312-F

Chamblee, Georgia 30341 ER-61

Dear Mr. Rothwell: zn?,z?:??_

The Department of Energy has been asked to respond to your letter, with
several enclosures, to President Bush dated January 10, 1992, that expressed
concern about cold fusion research in the United States. ~Your letter and
information on cold fusion have been reviewed. We have been aware of the
activities you referenced including the effort to establish a $10 million per
year research program on cold fusion.

We believe that the appropriate mechanism for.establishing the feasibility of
a new, or unexpected, scientific result is for the.proponent to submit it to
the collective judgement of peers. This mechanism can be activated in several
ways, such as technical presentations at stientific conferences and
publications of results in prestigious, peer-reviewed journals. This is a
thorough, but time-consuming process. [However, all major scientific advances
have been subjected to, and have survived, this scrutiny.

The November 1989 report of the cold fusion panel recommended against any
special Department of Energy funding for the investigation of phenomena
attributed to cold fusion.” However, the panel was sympathetic toward modest
support for carefully focussed-and cooperative experiments within the present
funding system. The Department of Energy accepted the report and its
recommendations. We have been monitoring the cold fusion research area since
the issuance of that report and believe that its recommendations are still
valid. We continue to be available to review any research proposal of
interest to the Department.

Sincerely,

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

cC:
Ms. Sally Kelley

Director of Agency Liaison
The White House

bec: ES/1, ER-61, ER-622/FSTL
ER-16:WMPolansky:SueE1len:3-5995:2-5-92:C: \ESCONTRL\Rothwe11.92:wp5.1
ES#92-001401 ER#92-000503 Due Date: 2/7/92



Department of Energy
Washington, DC 20585

February 10, 1992

Mr. Jed Rothwell

2060 Peachtree Industrial Court
Suite 312-F

Chamblee, Georgia 30341

Dear Mr. Rothwell:

The Department of Energy has been asked to respond to your letter, with
several enclosures, to President Bush dated January 10, 1992, that expressed
concern about cold fusion research in the United States. Your letter and
information on cold fusion have been reviewed. We have been aware of the
activities you referenced including the effort to establish-a $10 million per
year research program on cold fusion.

We believe that the appropriate mechanism for establishing the feasibility of
a new, or unexpected, scientific result is for the proponent to submit it to
the collective judgement of peers. This mechanism'can be activated in several
ways, such as technical presentations at scientific conferences and
publications of results in prestigious, peer-reviewed journals. This is a
thorough, but time-consuming process. However, all major scientific advances
have been subjected to, and have survived) this scrutiny.

The November 1989 report of the cold.fusion”panel recommended against any
special Department of Energy funding for the investigation of phenomena
attributed to cold fusion. However, the panel was sympathetic toward modest
support for carefully focussed and cooperative experiments within the present
funding system. The Department of Energy accepted the report and its
recommendations. We have beensmonitoring the cold fusion research area since
the issuance of that report and believe that its recommendations are still
valid. We continue to-be available to review any research proposal of
interest to the Department.

Sincerely,

L)X M TR,

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

cC:

Ms. Sally Kelley

Director of Agency Liaison
The White House
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Cold Fusion Research Advocates
2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341

Phone: 404-451-9890 Fax: 404-458-2404

, January 10, 1992 #* 007l
l.

"Fhe Honorable George Bush
The White House

1600 Pennsylvania Ave. NW
Washington, D.C. 20501

Dear Mr. President,

I would like to tell you an extraordinary story. Please suspend your ]udgemcnt for a
moment; please read these pages with an open mind, because, as weé saw last year in Russia,
amazing things can happen, and there is more in heaven and earth than dreamt of in our
philosophy. ‘

Do you remember the anomalous effect called "cold fusion" which was revealed in
1989 by Drs. Pons and Fleischmann? Cold fusion has now been verified by more than 600
scientists in over 100 world class laboratories, inclading: Los Alamos, Oak Ridge, Naval
Weapons Center at China Lake, Naval Research Laboratory, Naval Ocean Systems Center,
Texas A&M, BARC India, Hokkaido Univessity-and National Institute for (hot) Fusion
Science in Nagoya.

Japan is particularly active in‘this field. Every major Japanese university has formed
a cold fusion research group, and these groups are represented at major physics meetings
like Japan Nuclear Energy Conference and the ISEM-Nagoya IEEE meeting this month (see
attached). One of the largest Japanese corporations has hired Drs. Pons and Fleischmann,
and given them carte blanche resources. Pons and Fleischmann have made extraordinary
progress. They, and the other leading experts in this field, predict that working reactors may
Le ready in two tofive years.

I speak Japanese fluently, I work closely with Japanese and U.S. researchers. I can
supply you with any amount of published scientific material to prove that research is
underway, and that many scientists believe cold fusion is real.

Now, here is the unbelievable part: our government, which spends $337 million to
research just one form of hot fusion, refuses to spend a penny on cold fusion. Most of our
scientific magazines refuse to publish papers about cold fusion, in fact, they treat it as some
kind of 'national joke.’



In October 1991 Dr. Eugene Mallove and 1 began circulating the enclosed Petition
calling on Congress to restore token funding. Over 300 people have signed, including:

Nobel Laureate in Physics Dr. Julian Schwinger

M.LT. senior scientists Drs. Kolm, Labitt, Rafuse and Covert

Dr. Hawkins of Smithsonian and Boston U. (retired)

Noted hot fusion scientist Dr. Frederick Mayer

Dr. Fritz Will

Representatives from all the U.S, National Laboratories listed above

Dr. Tkegami, head of Japan’s largest program at the National Institute
Dr. Srinivasan, head of India’s major program

Dr. Iyengar, Chairman, Atomic Energy Commission, Government of India
Many of the top workers from Italy

If cold fusion is, as the skeptics assert, "pathological science,’ with absolutely no merit;
if it is completely unworthy of attention, then why have all these scientists signed this
petition? Is it possible, even remotely possible, that they have beenr duped? What would it
take to bamboozle these people?

I am not arguing from authority; I am not claiming that these famous scientists must
be right, so cold fusion must be real. However, these scientists believe that it is real, they
have gone on record, and many of them have volunteered t0 testify before a Congressional
Committee about their research. So, the skcptlcs must take them seriously; they must
reconsider, and look at the scientific evidence again, But, they refuse to do that. Dr.
Feshbach of MLLT said in May 1991: " have.had.50 years of experience in nuclear physics
and I know what's possible and what’s not.<".»] don't want to see any more evidence! I think
it’s a bunch of junk and I don’t want to.have anything further to do with it." As Japanese
scientists and industry press ahead-to undérstand and develop cold fusion, here in the U.S.
our newspapers and scientific .establishment accuse cold fusion scientists of fraud,
incompetence, of deliberately altering data, of foolishness and "mendacity.” They call cold
fusion a "ridiculous mistake," and "sad comedy.” That, and that alone is their response. They
will not look at the data, they refuse to discuss the matter.

Does this sound like an improbable story? Do you think I am exaggerating? Please
look at the evidence.l enclose. 1 have plenty more, please contact me if you have any
questions, or contact any of the scientists who signed the petition. These scientists
desperately need your help and support.



We are watching helplessly as this technology approaches commercialization, month
by month, in Japan. Think what may happen if they perfect this technology while we sleep.
All cold fusion researchers are alarmed about this, including the Japanese themselves. Some
of the top Japanese scientists have signed the Petition, and they have volunteered to come
to the U.S. and testify before the Committee about their research. These Japanese scientists
support us because: they value the creativity of U.S. science, they would like to see joint
research; they are appalled by way their American colleagues are being treated; and finally,
they know that if Japan introduces commercial products in few years, while the U.S. does
no research, there will be an explosion of outrage in the U.S., and possibly a breakdown in
relations between our countries.

Sincerely,
T3 Qb
Jed Rothwell

Enclosures:

Petition, list of signatories, letter from Congressman Swett®, *

Review of Experimental Observations About The Cold Fusion Effect, Dr. E. Storms, Los
Alamos National Laboratory

Memorandum on the Present State of Knowledge on Cold Fusion, Dr. H. Gerischer, Fritz
Haber Institute der Max Plank

Cold Fusion 1992: Basic Facts
Japanese meeting schedules

Comments of Dr. Park, one_of the leading skeptics, from the Washington Post



A Petition

Submitted to the Science, Space and Technology Committee,
The House of Representatives, Washington, D.C.

We, the undersigned scientists, engineers, and interested citizens, respectfully request
that the House Committee on Science, Space, and Technology, hold intensive hearings on
the topic of the new physical phenomenon that is referred to generally as cold fusion. The
purpose of these hearings, which in depth and breadth should go far beyond the hearing of
the Committee that occurred in April 1989, should be to assess the enormous body of
scientific evidence that has accumulated and confinues to accumulate since that time, both
in U.S. and foreign laboratories, public and private. These hearings should occur as soon
as possible, because the lack of funding in the United States is seriously blocking research.

We are convinced that a new physical phenomenon of potentially enormous scientific
and technological significance has been discovered and verified « €ven though its precise
physical mechanism is not fully understood at present, a typical/cireumstance in science. We
believe that it will be imperative for the Congress to recommend immediate, significant
funding for cold fusion research and development. This research has been substantially
hampered in the United States by the negative and presently untenable conclusions of the
ERAB "Cold Fusion Research" report that was pefformed for the Department of Energy
in 1989. We recommend that the Committee examine and formally reject the conclusions
of that report. We also advocate that the Committée recommend adequate funding for cold
fusion research in the United States at an initial ‘apnual rate of not less than $10 million.



Petition signed by 306 people as of January 10, 1992

223 Scientists and Engineers -

Dr. Radoslav Adzic

Mr. D. P. Agarwal

Ms. Joyce L. Alms

Mr. Richard L. Amruso
Dr. George Andermann
Dr. John J. Antal

Mr. George Anthony

Dr. Spallone Antonio

Dr. John Appleby

Dr. Subbiah Arunachalam
Ms. Edith E. Attenhofer
Mpr. Srinath Balachandran
Dr. Marcello Baldo

Mr. Thomas D. Barnard
Dr. Robert W. Bass

Mr. David R. Bean

Dr. C. A Bennett

Mr. Christopher Bentley
Mr. William J. Bernt

Dr. Alan Berrick

Mr. Robert A. Birmingham
Dr. John O'M. Bockris |
Dr. Tullio Bressani

Mr. Glen Brickey

Mr. Seva Brodsky

Mr. Allen O. Brosius *
Mr. Herbert A. Bruzel
Dr. Romulus V. Bucur
Mr. Michael A. Burke
Mr. Forrest C, Burns

ir. Ben Bush

Dr. Robert T. Bush

Mr. Kant W. Campbell
Mr. Dean W. Carver

Dr. Milton A. Chace, P.E.
Dr. Chun-Ching Chien
Dr. Scott R. Chubb

Dr. Talbot A. Chubb

Dr. P. L. Cignini

Mr. Neil J. Condosta

Institute of Electrochemistry, ICTM, Yugoslavia
Vice President, Leach and Garner Technology
Nova Resources Group, Inc.

Project Engineer, Smiths Aerospace, Inc.
Dept. of Chemistry, University of Hawaii
Physicist, U.S. Dept. of the Army (Retired)
Physicist

INFN - LNF, Franscati, Italy

Texas A&M University

Editor, Indian Journal of Technology, New Delhi, India
Technical Librarian, Smiths Aerospace, Inc.
Engineer, Energy Investment .

INFN - Catania, Italy -

Dow Corning Corp - Research Engineer
Registered Patent Agent 29,130

Metropolitan State College of Denver
University of North Carolina - Ashville
Computer Consultant

Director of Research, Magnetic Power, Inc.
Magnetic Power, Inc.

R&D Tct:hmcaan, Smiths Aerospace, Inc.
Texas A&M University

DepiDe Fisica Sperimenatale, U. Torino, Italy

" Magager of Software/CAE Design, Smiths Aerospace, Inc.
% Electrical Engineer, Graduate Student, Northeastern U.
“Fusion Information Center

Mechanical Designer, Smiths Aerospace, Inc.

Institute of Chemistry, University of Uppsala, Sweden
Consulting Software Engineer

Retired Nuclear Chemist

Naval Weapons Center, China Lake, CA

Professor of Physics, California State Polytechnic Univ
Senior Programmer

Fusion Information Center

Chace & Associates Engineering

Texas A&M University

Private Citizen; Naval Research Laboratory

Research Systems Inc, Fellow of American Physics Soc.
CNR-CTCAT, Dept Chemistry, Univ. "La Spaienza," Italy
Project Engineer Group Leader, Smiths Aerospace, Inc.

N



Mr. William Connors
Mr. Frank M. Costanza
Dr. Eugene E. Covert
Mr. Roger Craddock
Dr1. Dennis Cravens

Mr. Henry P. Dan III, Atty

Dr. Celani De Francesco
Mr. Jesse J. Dean

Mr. John D. Deith

Mr. Emilo Del Giudice
Mr. Louis Dick

Mr. Lee Dilley

Mr. Lawrence Dodson
Dr. Xavier Domenech
Mr. A. M. Dougill

Mr. Douglas Drake

Mr. Jerome Drexler, D.Sc. Hon.

Mr. Lee John Droege
Mr. Thomas F. Droege
Dr. Robert D, Eagleton
Mr. James H Elkins

Mr. Paul D. Epstein

Dr. Samuel Faile

Dr. Avard F. Fairbanks
Dr. John J. Farrell

Mr. D. J. Fazioli

Dr. Al Fermelia

Mr. Mark Ferris

Mr. Harvey Fiala

Mr. Mark Fletcher

Mr. Fred B. Folsom

Dr. Harold L. Fox

Mr. Alfred J. Gartman, Jr.
Mr. Russ George:

Mr. Jose Giner

Ms. Judith Gluck

Dr. Peter Gluck

Mr. Mark Goldes

Dr. Alfred D. Goldsmith
Mr. Daniele Gozzi

Dr. Barry Green

Mr. Paul F. Green

Mr. Tom Green

Mr. Alfred A. Gugelmann

Principal Materials Engineer - Aerospace

Engineer, Smiths Aerospace, Inc.

M.LT., Prof. of Aeronautics and Astronautics

Project Engineer, Smiths Aerospace, Inc.

Physicist

Attorney, geologist

Instituto Nazionale Fisca Nuleare, Italy

Config. Management Specialist, Smiths Aerospace, Inc.
QM1

Instituto Nationale Fisca Nucleare, Italy

CERN (Geneva) and Milano University

Comdisco Systems, Inc.

Design Engineer, Smiths Aerospace, Inc.

Universitat Autonoma Barcelona, Spain

Group Leader, Smiths Aerospace, Inc,

KMS Fusion (contractor) '

Inventor, industrialist

President, Snowflake Mtg, I'td.

Fermilab

California State Polytechnic University

Consulting Engineer

Epstein And Fass Associates

Cold Fusion Products

Electrical Eng. & Physicist, Fusion Information Center
Franklin‘and-Marshall College

Mgr, Mechanical Engrg, Smiths Aerospace, Inc,

Nova Resources Group, Inc.

Electric Tech., Metrology Lab, Smiths Aerospace, Inc.

‘Rockwell International
“Engineer, Smiths Aerospace, Inc.

Mechanical Engineer, Smiths Aerospace, Inc.

Fusion Information Center

Engineer, Mat’] Analyst, Smiths Aerospace, Inc.
Research, Inc.

Giner, Inc.

Chemist, Inst. of Isotopic & Molecular Tech, Romania
Institute of Isotopic & Molecular Technolgy, Romania
Magnetic Power, Inc. '

Physicist

Dpt. of Chemistry, Univ. "La Sapienza", Rome, Italy
Physicist

Director of Engineering, Smiths Aerospace, Inc.
Manager Technical Publications, Smiths Aerospace
Lic phil nat (Physics), Thalwil, Switzerland

.



T

Dr. Lin Guang Hai
Ms. Kathy Haigh
Dr. Maurice B. Hall
Mr. Roger P. Ham
Dr. Peter H. Handel
Mr. Grant B. Harris
Mr. Frank Hasiwar

Dr. Gerald S. Hawkins, D.Sc.

Col Meredith E. Hendricks
Dr. Dalibor Hodko

Dr. Heinrich Hora

Mr. William M. Horton

Dr. Hideo Ikegami

Mr. Paul William Isidisin
Dr. P. K Iyengar

Mr. Neil R. Jacob

Dr. King-Tsai Jeng

Dr. Shang-Xian Jin

Mr. Dennis A. Jones

Dr. Walter Juda

Mr. Charles Kaminski

Mr. Enloe W. Kay

Mr. Kevin Kelleher

Dr. John Kenny

Dr. Norbert J. Kertamus
Dr. Boris M. Khudenko, P.E.
Mr. James A. Kidd, Jr., P.E.
Dr. Scott Kimbrough

Mr. James B. Klay, Jr.

Dr. Henry H. Kolm

Mr. Melvin Labitt

Dr. Kerry Scott Lane, M.D.
Mr. Al Leedahl .

Dr. Jiaquan Li

Dr. Xing Zhong Li

Dr. Bor Yann Liaw

Dr. Bruce Liebert

Dr. Charles W. Lindenmeier
Mr. Angel L. Lozano

Dr. Eugene F. Mallove

Mr. Alfred S. Marotta

Mr. John Marshall III

Mr. Juan Martinez

Dr. Gregory L. Matloff

Texas A&M University

Engineering Admin. Asst., Smiths Aerospace, Inc.
National Bureau of Standards, Retired

Science columnist, Executive Intelligence Review
University of Missouri, St. Louis

Workframe, Inc.

Mathematician, Rio Hondo, CA

Smithsonian (Ret.) Prof. Astronomy, Boston U. (Ret)
U.S. Army, Retired

Texas A&M University

CERN, Switzerland

Logistics Section Leader, Smiths Aerospace, Inc.
National Institute for Fusion Science, Nagoya, Japan
Civil Engineer, Bayonne New Jersey

Chairman, Atomic Energy Commission, Gov. of India
Senior Design Engineer, Smiths . Aerospace, Inc.
Texas A&M University

Graduate School, Chinese Academy of Science
Software Engmecr, Smiths Aerospace, Inc.
Electrochemist, Chaitman.of Board, Prototech Co.
Concerned citizen

Sr. Reliability Engineer, Smiths Aerospace, Inc.
Research Enginieer, Smiths Aerospace, Inc.

Prof. of Physics, Bradley University, Peoria, IL
Southern California Edison

Khudenke Engineering, Inc.

Private citizen; U.S. Army Materials Technology Lab,
University of Utah

““Design Assurance Group Leader, Smiths Aerospace, Inc.

MLT. Senior Scientist (emeritus), Lecturer

M.LT.

Applied Fusionetics

Engineering Design Concepts

Asst. Research Prof., Southwestern Inst Physics, China
Dir. Fusion Power Prog, Tsinghua U., Bejing, China
University of Hawaii at Manoa

Associate Professor, University of Hawaii

Siemens Nuclear Power Corp.

Northrop

M.LT., Engineer and author

Physicist, U.S. Army Materials Technology Lab. (Ret.)
Surface Solutions, Inc.

Design Engineer, Smiths Aerospace, Inc.

Long Island University / City University of New York

oo



Dr. T. Matsumoto

Dr. Frederick Mayer
Mr. Neil McCanney

Mr. Harold D. McKee
Dr. J. Rand McNally, Jr.
Dr. Ravi Kumar Meruva
Mr. E. A Mettenet

Hokkaido University, Japan

Mayer Applied Research, Inc.

Principle Development Engineer, Smiths Aerospace, Inc.
Software Engineer, Smiths Aerospace, Inc.

Fusion Energy Consultant

Texas A&M University

Consultant, Utah Fusion/Energy Advisory Council

Dr. Melvin Miles Naval Weapons Center

Mr. Laddy M. Miller Group Leader, Smiths Aerospace, Inc.

Ms. Ljiljana Minevski Texas A&M University

Mr. Zoran Minevski Texas A&M University

Dr. Tadahiko Mizuno Faculty of Engineering, Hokkaido University, Japan
Dr. Richard S. Moog Franklin and Marshall College

Dr. John W. Moore New Business Development Manager, Dupont R&D
Dr. Oliver J. Murphy Lynntech, Inc.

Dr. T. S. Murthy Dir. Isotope Group (Retired) & Consultant, BARC, India
Mr. Dean S. Musgrave Director, Ultrafibre, Inc.

Dr. He Muzhi Texas A&M University

Dr. Thomas Najarian Physician

Mr.
Mr.
Dr.
Dr.
Mr.
Dr.
Dr.
Mr.

Fujio Nakano
Ronald Newman
Ken-ichiro Ota
Eric H. Ottewitte
David A. Paddock
Evelina Palibroda
Stephen J. Pike
Deane H. Platt

Journalist authoryJ apan

BBN Software Products

Yokohama National University, Japan

Idaho National-Engineering Laboratory

Engineer

Instutute.of Isotopic & Molecular Technology, Romania
Nova Resources Group, Inc.

Systems Analyst

Mr. Richard D. Powell 1.ab Technician, Smiths Aerospace, Inc.
Dr. Giuliano Preparata Universita’ Di Milano, Italy

Dr. Lee Pritchard Oakland University

Mr. Louis G. Puls, Jr. Museion Research Corp.

Mr. Lawrence G. Quintana Los Alamos National Laboratory

Dr. Robert P. Rafuse M.LT. Lincoln Laboratory

Dr. M. Ragheb University of Illinois at Urbana - Champaign
Mr. Evan Ragland Engineer

Dr. Raj K. Rajamani University of Utah

Mr. Chip Ransford Nova Resources Group, Inc.

Dr. John R. Reitz Independent consultant

Dr. Abdu Reyimjan Texas A&M University

Mr. Clayton R. Robert Systems Analyst, Quantum Mechanics
Mr. Stephan A. Roen Patent Attorney

Mr. Richard G. Rohde Staff Programmer, State of California

. Charles Ross
. Andrew E. Rothovius

Kansas City Power & Light Co.
Columnist, Peterborough (NH) Transcript
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Mr. Jed Rothwell

Dr. Carlos Sanchez

Dr. Gary Sandquist

Dr. Franco Scaramuzzi
Mr. Karl Scheucher

Mr. Karl F. Scheucher

Dr. Glen Schoessow

Dr. Julian Schwinger *

Dr. Charles D. Scott

Mr. CIliff J. Scribner

Ms. Carole Seffrin

Dr. Nobuo Shimazu

Dr. V. K. Shrikhande

Dr. Massoud Simnad

Dr. M. Srinivasan

Dr. Supramaniam Srinivasan
Mr. George A. Stage

Dr. Michael R. Staker, P.E.
Dr. Frank Stenger

Mr. Mark L. Stevens

Dr. Edmund K. Storms
Mr. Roger Paul Stout, P.E.
Mr. Veni Sumaria

Dr. Mitchell R. Swartz *
Dr. Carol Talcott-Storms
Dr. Donald C. Taylor

Dr. Charles Tennakoon
Mr. Doug Tennant

Mr. Daniel H. Thompson
Mr. E. C. Tibbals

Mr. Christopher P. Tinsley
Mr. Kent Tolley

Dr. Massimo Tomellini
T Marcelln Truzzd

Dr. G. R. Valenzuela

Dr. Stanley H. Vegors, Ir.
Dr. Gopala Venkateswaran
Mr. James D. Vera

Mr. 1. L. Waisman

Ms. Laura R. Walker

Dr. Fritz G. Will

Mr. Steven E. Windner
Mr. Joe K. Winner

Dr. Michael Wixom

Cold Fusion Research Advocates

Universidad Autonoma, Madrid, Spain

University of Utah

ENEA, Frascati, Italy

Retiree from TRW - R&D Engineer

Modtech Corp.

University of Florida

Nobel Laureate in Physics, UCLA

Chemical Engineer

Motorola, Inc. Mechanical Engineer

Secretary, Smiths Aerospace, Inc.

Physicist, NTT LSI Laboratories, Japan

Neutron Physics Division, BARC, India

University of California in San Diego

Head, Neutron Physics Division, BARC, Bombay, India
Center for Electrochem. & Hydrogen Resrch, Texas A&M
Orion Research o

Private citizen; U.S. Army Materials Technology Lab.
Dept. of Computer Science, University of Utah
M.LT. Lincoln Laboratory

Los Alamos National Laboratory

Motorola Inc. Advanced Packaging Design

Sumaria Systems, Inc.

Jet Technology

Los Alamos National Laboratory

President, SRM Corporation, Dcnvcr CO

Texas A&M University

- _Program Manager, Smiths Aerospace, Inc.

Mé6torola, Inc.

Vaughn Precision Products, Inc.

Computer Engineer

Rockwell International

Dept. Chemistry, Univ. di Roma, Italy

Dept. of Sociology; Eastern Michigan University
Naval Research Laboratory, Washington, DC
Physics Department, Idaho State University
Applied Chemistry Div., BARC, Bombay, India
Engineer

Consultant, Southern California Edison
Engineer, Smiths Aerospace, Inc.

University of Utah

R&D, Smiths Aerospace, Inc.

Manager of Fuel Syst. Design, Smiths Aerospace, Inc.
KMS Fusion 1984 - 1991
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Mr. Larry Wolf

Mr. She-Sheng Xue

Mr. Don Yansen

Mr. Frank Yashar

Dr. Jerry Zenger

Dr. Sheng-Bai Zhu

Ms. Charlotte Zimmerman

83 Concerned Citizens -

Ms. Riehara L. Albert
Mr. A. Amokrane

Ms. Marie Claire Amokrane
Mr. John G. Bailey

Mr. Robert W. Barton
Mr. Mohamed N. Baterdouk
Mr. Ken Berian

Ms. Arlene C. Berry

Mr. Terry Burnsed

Mr. Ray Busch

Ms. Michele R. Capps
Mr. Charles Carrol

Ms. Eloise E. Carrol

Mr. Robert L. Carroll

Ms. Shirley Palmer Collier
Mr. Wm. H Conboy

Mr. Joseph P. Conrad
Ms. Isabel S. Courtney
Ms. Sheila M. Cronin

Mr. Stephen R. Daisy
Mr. Terence E. Dalton
Mr. Den’alh Damron

Ms. Eileen Danahy

Mr. Hal Davis

Mr. John Devlin

Mr. Gordon Erickson

Mr. Charles A. Evans

Mr. Paul D. Fairchild

Ms. Eliza McCormick Feld
Ms. Bonnie K. Fiala

Mr. James Fiala

Mr. John E. Fiala

Ms. Kathy Fiala

Mr. Peter E. Fiala

Ré&D Lab, Smiths Aerospace, Inc.

Instituto Nationale Fisca Nucleare, Italy
Crossroads Technology

Digital Instruments - Santa Barbara, CA

Univ. of Utah, Engineering Experiment Station
Texas Tech University

Los Alamos National Laboratory

Configuration Management Clerk, Smiths Aerospace, Inc.

Executive Manager

Concerned Citizen

Schiller Institute

Robert W. Barton & Assaciates

Concerned citizen and college student at WPC, NJ
Concerned citizen

Marketing Manager

City Stage Ensemble

Concerned citizen

Smiths Aerospace, Ine,

Teacher, Belpre High School

Corning Glass Works

Carroll Reseatch

Concerned citizen

Mktg V.P. (Ret.), Shelter Insurance Co.
President, Cactus Communications

Southern Connecticut State University ISIS Program
Southern Connecticut State University ISIS Program
Retired teacher (Latin & English) State of Mass.
Musician

Student, CSU

Denver Museum of Natural History

Concerned Citizen, Mktg Mgr, ISI

Prudential Financial Services

Concerned Citizen, Tampa, FL

Manager, University of Utah Research Park
Private citizen

Mass, Bar Association

Science Teacher

Registered nurse

Continental Airlines

College Student

College student

=35



Mr. Ronald Flores

Mr. Vernon Fogg

Ms. Betty Fortson

Mr. Donald L. Fredley

Mr. Brent Frye

Dr. Thomas J. Gilmore
Mr. Jeremiah Hallaren

Ms. Majorie Mazel Hecht
Ms. Evelyn Hermanstyne
Mr. Dan Hiester

Mr. Dennis J. Ingalls

Mr. William F. Jackson
Ms. Vannessa Johnson

Ms. Debra King

Mr. Edwin A. Klinkhammer
Ms. Mary Krah

Ms. Doris J. Langlois

Mzr. David A. Lewis

Ms. Ruth Lippmann

Ms. Elizabeth L. Lozano
Mr. Ernest G. Martin, Jr.
Ms. Lynn W. McCanney
Ms. Pamela H. Meares
Ms. Katie Minor

Mr. David D. Moon

Mr. Cris Moore

Ms. Dianne P. Moore
Mr. John J. Moore
Ms. Lisabeth Moore
Mr. David M. Nadeau
Mr. Nicklos J. Plehn IT
Ms. Paulette Pope
Mr. Anu Pugalia

Ms. Miriam Rakieten
Mr. Emil B. Rechsteiner
Ms. Ruth L. Sanchez
Mr. Dary] Sattui

Mr. Leo W, Seal, Jr.
Mr. Jerry Shapiro

Mr. Jon Shapiro

Ms. Mollie Shapiro

Mr. Joe Simmons

Mr. W, Evan Sloane
Mr. James Philip Sperry

Business Consultant - Private Citizen

Concerned citizen

Concerned citizen

Eden Barn Industries

Concerned citizen

Retired Chairman of Philosophy, Gonzaga University
Concerned citizen

Managing Editor, 21st Century Science & Technology
Concerned citizen

Theatre producer - director

International Caucus of Labor Committees

Art Director, Smiths Aerospace, Inc.

Concerned citizen, Public Service Co. of Colorado
Concerned citizen

Southern Connecticut State University ISIS Program
Smiths Aerospace, Inc.

Concerned citizen

Concerned citizen

Concerned citizen

Concerned citizen _

Attorney at Law, Gulfport MS

School Teacher

Teacher

Teacher

Concerned Citizen; former H.S. science teacher
Concerned Citizen; student, Univ. of Maryland
Concerned Citizen

/Lindly*& Co., Inc.

Concerned Citizen; student, Univ. of Delaware
President, Super Steak Sub Shoppe, Inc.
Student, University of Michigan

Vice President, TDC, Inc.

Student

Concerned citizen

Concerned citizen

Teacher

C.E.O,, V. Sattui Winery

Concerned Citizen

Concerned citizen

Concerned Citizen

Concerned Citizen

Architect

M.LT. Management Alumnus (Johns Hopkins Undergrad)
Concerned Citizen, Student, Tampa, FL

o



Mr. Frank N. Stempfer
Mr. Thomas E. Stolper
' Ms. Donna Unck
| - Ms. Theo S, Vaughey
Ms. Carol White

Eden Barn Industries

Author

University of Utah Research Park

Museum Trustee

21st Century Science & Technology Magazine

* Did not wish t0 specify a minimum dollar amount as stated in the last line of petition.



. .DICK SWETT
2o DisTmcT, MEw Hamrgume
§ '
WARHINGTON OFFICL:
128 Canwmon Bunding
WasninaTon, DC 208 15-2802
(202) 228-6208

C=sx Congress of the Enited HStates
e Bouse of Bepresentatibes
" o S Washington, BE 20515-2602

Naswua, KH 03063
{803} BRO-B142

December 21, 1991

Jed Rothwell

Cold Fusion Res. Advocates
2060 Peachtree Industrial Ct.
Suite 312-F

Chamblee, Georgia 30341

Dear Jed,

PUBLIC WORKS AND
TRANSPORTATION COMMITTEE

BUBCOMMITTEES
BURFACE TRANSPORTATION
AVIATION
ECONOMIC DEVELOPMENT

SCIENCE, SPACE, AND
TECHNOLOGY COMMITTEE

SUBCOMMITTEES:

ENVIRONMENT
TECHNOLOGY AND
COMPETITIVENESS

SELECT COMMITTEE ON AGING

Thank you for your letter and the petition _advocating that

Congress hold further hearings regarding ecold fusion.

I have contacted the Science, Space, and ?edhnclagy Committee,
which is currently investigating recent developments in cold
fusion research. Hearings on cold fusion may be held in late

winter or early spring.

Please don't hesitate to contact me again if you have any further

questions.

Dlc
Member of Congress

THIS STATIONERY PRINTED ON PAPER MADE OF RECYCLED FIBERS
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REVIEW OF EXPERIMENTAL
OBSERVATIONS ABOUT THE

COLD FUSION EFFECT

EDMUND STORMS Los Alamos National Laboratory

KEYWORDS: cold fusion, rs-
view, sxpariments!

Nuclear Materials Technology Division, MS C348, Los Alamos, New Mexico 87545

Received May 10, 1991
Awvcpied Tor Publication July 5, 1991

The experimentaf literature describing the cold fu-
sion phenomenon Is reviewed. The number and vari-
ery of careful experimental measuremenis of heai,
Iritiurn, neutron, and helium production strongly sup-
port the occurrence of nuclear reactions in a metal lat-
tice near room lemperature as proposed by Pons and
Fleischmann and independently by Jones.

L INTRODUCTION

Since the first proposals that nuclear fusion reac-
tions might occur in a metal deuteride, ' a consider-
able accumulation of supporting and nonsupporting
information, both quantitative as well as anecdotal,
kas become available in réfereed journals, reports, and
conference proceedings. Earlier reviews were prepared
bv Bockric et al.,> Hurtak,* Rabinowitz,® Tsarev,*
Schultze ¢t al.,® and Srinivasan.® Books have been
published by Peat,” Mallove,® and Close.® Dehn'? and
Huggins!! provided a discussion of the electrochem-
istry of cold fusion cells and hydrogen/metal interac-
tion, respectively. A summary of theoretical aﬁproachcs
was given by Miley et al.’? and by Preparata,'? A selec-
tive annotated bibliography was prepared by Braun. '
Tsarev and Worledge'* prepared overviews of the two
conferences held in Utah, one in March 1990 and the
other in October 1990,

Because the fieid is growing so rapidly, much work
is still unavailable except in reports, preprints, and
word of mouth.'®* Such information is not used in this
review to a significant exient because it cannot be ex-
amined by those who may wish to make their own
DEC. 1991
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analysis of this'controversial subject. This review in-
cludes only these published papers I have been able 1o
personally review. My intent is to reduce duplication
of effort in the field by bringing together most of the
major published studies, to demonstrate that important
patterns have been observed that cannot be explained
adequately by chance or error, and to help focus future
work in more productive directions while giving opti-
mism for success. I, for one, am amazed to find so
many excellent papers, especiall; in view of the very
negative reporting by the press.”'®?' I apologize to
those authors who do not find their work cited herein.
Such omissions are due only to limitations on my part.

At the present time, understanding of the field is
divided between those who do not believe there is suf-

*A great deal of up-to-date information, insight, and opin-
ion can be obtained from Fusion Facts, published by the
Fusion Information Center, P.O. Box 58639, Salt Lake
City, Utah, 84158.

Copies of the conference proceedings cited herein can
be obtained as follows:

Proc. Ist Annual Conf. Cold Fusion
National Cold Fusion Institute

390 Wakara Way

Salt Lake City, Utah 84108 (555.00)

Anomalous Nuclear Effects in Deuterium/Solid Systems

Prof. 8. E. Jones

Brigham Young University

Physics Department

Provo, Utah 84502 ($68.00 10 5. & J. Scientific
Company)

Cold Fusion Symp., 8th World Hydrogen Energy Conf.
University of Hawaii

Hawaii Natural Energy Institute

2450 Dole Street, Holmes Hall 246

Honolulu, Hawaii 96822 (315.00).
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ficient information to require a re-evaluation of con-
ventional beliefs about atomic fusion and those who
believe that the data, although incomplete, sirongly
suggest the possibility of unusual nuclear reactions in
a metal lattice. An approach that would do justice to
both viewpoints s difficult 1o contain in one review.
Therefore, | adopt the more probable viewpoint by as-
suming that a real phenomenon has been discovered
and try to show patterns of behavior that would give
some understanding of its characteristics. In a few
cases, | attempt to show how the proposed errors have
been reduced or eliminated and how various conven-
tivnal explanations do not apply. Hopefully, those who
do not believe that any one study is sufficiently com-
plete to change their minds might be impressed by the
consistent patterns of behavior among various studies
and the considerable background information that is
now available. This review is not intended as a substi-
tute for reading the original papers.

I suggest that the lack of reproducibility or easy ex-
planation can no longer be used to dismiss positive re-
sults as misinterpretation of normal behavior, however
tempting this might be. Nevertheless, this lack of re-
producibility does justify some frustration, and it does
slow progress. In any other field, this frustration would
stimalate a redoubling of efforts to discover the impli-
cations of the negative observations. One would think
this would be especially true in a field having such im-
portance to nuclear physics and a potential for clean,
unlimited energy. This positive approach is being taken
in Japan, India, and the USSR in contrast to most
other countries.®

A growing literature giving explanations for cold
fusion is available but is not discussed in this review.

Although some theories offer important insight, it is

still too early to make a proper assessment. It is worth
noting that conventional theories have been extended
in an attempt to explain at least low-level neutrof pro-
duction.'®*-1% Only a few of these attempts conclude
that cold fusion is possible, but many more'do not reach
this conclusion. General failure of the conventional
approach has inspired many new.models.?-102-122
The issue is no longer the limitations perceived by
some®16-18.123-135 ¢4 exist in early work nor the per-
veived woinflict with convemional theories of fusion.
The problem now is to properly explain a growing
body of increasingly sophisticated data being generated
by competent scientists in many countries.

Many “negative” studies have been rcllmncd for
heat, !26.130.136-151 tritium, 139:140.149,152-15 protons

®Two percent of the hot fusion budget is devoted 1o cold
fusion in Japan according to J. Bockris.® According 10
P. K. Iyengar,” chairman of the Indian Atomic Energy
Commission, broadly based work is continuing in India.
According to D. Worledge,? 15 million rubles will be al-
located to 20 laboratories over the next 4 years for cold
fusion research in the USSR,
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(Refs. 153, 156, and 158-167), *He (Refs. 153, 168,

and 169}, electromagnetic radiation (Refs. 140, 142,

145, 148, 151, 153, 164, and 170-183), and neutrons
{Refs. 130, 139-142, 145, 147-149, 151-156, 164, 170-
173, and 178-211). This negative work can give valu-
able information about conditions that prohibit the
cold fusion effect and an understanding that can help
bound the conditions in which the effect operates, It
does not demonstrate that the effect is not real. In
many cases, no nuclear products were observed be-
cause conditions were present that are now known to
be unsuitable for cold fusion to occur. In other cases,
it is not clear why the conditions failed to produce pos-
itive results. Many people who report positive obser-
vations also have many occasions when negative results
are found. Clearly, this incredible phenomenon is not
going to be easy to understand. However, it is unfor-
tunaie that so many excellent detection technigues and
talented scientists have been assembled in one place
during several of the better experiments only to have
nothing to measure,

An o?uallgf large number. ol ?ositive observations
for heat, 155.212-234 ln'liumil.lll 223,232,233,235-252 and

neutron prcd uction:.!l".2!9.22‘.129.235.136.239.243.246-2 P4

have been published. Recently, two unconventional ap-
proaches have given excess heat: a fused salt celi*?
and a cell using ion'discharge.®* In addition, a new
particle (the iton) is.claimed to have been detected.?®
Of course, these positive results are not all equally
credible.\Less well studied during confirmed fusion is
the emission of electromagnetic radiation (from visible
to gamma rays).2!7:331.235.236.264.212 Epjission of ener-
gctic nucleons from the deuteride surface!68-283-287 3n4
“He formation''%18%20.28 have been examined. Ex-
cess heat, tritium, and neutrons have not only been
produced but have also been detected using a variety
of techniques. This demonstrates that the positive ob-
servations are not caused by a particular method of
production or detection.

Success depends on giving the deuterium atoms
somge additional energy, required to achieve high
deuterium-to-metal ratios and to overcome the fusion
barrier by an as yet unknown process. A variety of

- methods have been used to impart this energy. Exam-

ples are listed in the order of increased energy.

1. Direct Gas Reaction: In these experiments (Refs.
147, 168, 170, 172, 180, 188, 193, 200, 207, 210, 235,
244, 249, 252, 255, 264, 266, 269, 272, 274, 276, and
2B0), titanium or palladium is placed in D, gas at pres-
sures from <1 bar to megabars with the usual pressure
between 40 and 60 bar. Energy is proposed to bé im-
parted to the deuterium atoms by phase changes or
microcracking initiated by temperature or pressure ¢y-
cling. Neutron emission has been detected, especially
when titanium is used. No reaction is seen when all of
the titanium is reacted with deuterium, after multiple
temperature cycles, or if normal hydrogen is used
DEC. 1991
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instead of deuterium. Tritium has been detected in the
gas and metal after neutrons were produced on a few
occasions.

2. Conventional Wet Electrolytic Approach: Typ-
ically, a paliadium or titanium cathode and a nickel or
platinum anode are placed in an electrolyte consisting
of a mixture of DO containing LiOD, NaOD, or
Li,SO, alone or combined with other salts. The con-
tainer is designed to prevent atmospheric contamina-
tion but with a vent to allow escape of generated gas.
This arrangement is called an “open” cell and is drawn
to show the simplest configuration in Fig. 1. When a
catalyst is placed in the assembly to recombine the gen-

. erated gases, the cell can be completely sealed, and a

“closed” cell is created. Direct current of various mag-
nitudes is passed between the electrodes so that D, is
formed at the cathode and O, is produced at the an-
ode. Because of the applied voltage, very high effective
pressures can be generated within the metal,® and the
ions are given a modest energy. This very chemically
active deuterium reacts with the palladium or titanium
cathode to form a hydride having a high but variable
stoichiometry that depends on a complex set of circum-
stances. The stoichiometry that is achieved in localized
regions appears to play a role in making the effect oc-
cur. Many variations on this basic design have been re-
ported. Excess heat, neutrons, protons, and tritium
have been detected using this method, although not all

“The magnitude of the pressure can be calculaied usingthe
Nernst equation. However, the very nonideal nature of the
solution must be taken into account to obtain the'correct
pressure. :

Anode Cathode

-l}j— (Gas Escape
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S

Electrolyte

Fig. 1. A simple electrolytic cell.
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at the same time. A sudden change in charging current
seems to trigger the cold fusion effect. However, ini-
tiation also has been observed without this abrupt
change.

3, Electric Current in Gas-Containing Cells: In
these experiments,24-233.240.288 g yojiage sufficient to
produce gas discharge is applied 10 electrodes in low-
pressure deuterium gas. This process gives the deute-
rium ions more energy than they can achieve in an
electrolytic cell. Both palladium and titanium have
been used as the cathode. Unexpectedly large amounts
of neutrons, tritium, and excess heat have been de-
tected bui not all in the same experiment. One study
has achieved tritium and neutron production by pass-
ing puised current thro:.logh alternating layers of palla-
dium and silicon disks?*® in high-pressure D, gas. This
is a combination of gas discharge and direct gas re-
action.

4. lon Bombardment and Implantation: In these
experiments, |85167.178,187,199.236,266.267,284,289.290
and molecules are accelerated to various energies and
impagted on various target materials. This technique
not only implants deuterium into the metal lattice 1o
give a very high deuterium-to-metal ratio, but it can
also produce ion energies that approach those used in
hot fusion. Neutrons, tritons, and protons have been
detected that, in some cases, were in greater quantity
than expected. Implantation of hydrogen in metals has
been reviewed by Myers et al.>

Typically, all of the conditions listed above pro-
duce bursts of nuclear products sometimes superim-
posed on a relatively steady lower production rate,
This behavior implies a nonequilibrium state (Refs. 33,
256, 267, and 292-294) and/or two independent pro-
cesses. Apparently, suitable conditions can be imposed
by changing the environment or are produced as a nat-
ural consequence of electrolytic action. Note that elec-
trolysis may appear steady in a macro sense, but the
conditions are nonequilibrium when viewed on a mi-
cro level. Bubble formation produces chaotic regions
in which the electrolytic reaction is turned off and on,
thereby rapidly changing the chemical environment of
the surface. Erratic formation of bubbles, microcracks,
and dislocations make the interior of the metal very
complex. These factors, by themselves, would make
the phenomenon very difficult to reproduce. Indeed,
most normal physical and chemical processes involv-
ing palladium are frequently difficult to reproduce.

Apparently, the creation of some types of special
condition are essential if the nuclear effect is to occur
at all. Reproduction of these special conditions is the
primary problem in making a general study of the nu-
clear processes possible. Although many workers who
have continued to study the cold fusion effect have
been rewarded by increased reproducibility within their
own laboratories, a universal recipe does not seem to
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exist. Just 100 many unknown and, therefore, uncon-
trollable variables are present. However, there are quite
a number of conditions that are now known not to
produce positive results. Some of these insights are ex-
amined.

An important special condition that must exist for
any of the nuclear reactions to be initiated is the pres-
ence of high, local concentrations of deuterium, as pre-
viously suggested.® This view is widely accepted.
Such high concentrations have 2&rcspvcmd 10 be as-
sociated with regions of stress,22* to be enhanced
by surface or bulk impurities, and to be associated with
phase changes."'® On the other hand, the deuterium
concentration can be reduced by excessive microcrack-
ing or by normal hydrogen in the metal.™ Generally,
these high concentrations are expected to occur at or

.near the surface, especially during electrolytic charg-
ing or ion bombardment. These considerations as well
as many observations suggest that tritium production
occurs mainly at the surface for both titanium and pal-
ladium. Heat and neutron production are not so eas-
ily located in this respect. Nevertheless, many workers
still propose that the heat reaction occurs within the en-
tire volume of the electrode. Consequently, they report
heat production as energy per cubic centimetre or en-
ergy per mole, This gives the impression of much
greater energy release than has actually occurred from
the small cathode volume used in the cell. This ap-
proach also underestimates energy density within the
few active regions.

From the first, the deuterium-deuterium (D-D) fu-
sion reaction was thought 1o be the most likely source
of nuclear products, although other possibilities have
been proposed. This reaction has two branches that
have been measured at high energies, yielding an al-
mosli equal probability. These branches are

D + D = *He (0.82 MeV) + n (2.45MeV),
and

D + D = H (3.02 MeV) + £ (1.0L MeV) .
A third branch,

D+ D= *Het y (23.5 MeV) ,

is possible, but it has a very low probability in plasma
reactions. Considerable confusion and disbelief has
been created by the Jack of neutrons, consistent with
detected tritium and heat. Data now clearly show the
following:

1. No experiment has detected sufficient neulrons
or tritium to account for the reported heat.”® Al-
though neither tritium nor neutrons are usually de-
tected during heat J.\roduction. there is evidence that
“He is produced.'®%-322.228
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2. While there is a clear relationship between neu-
tron and tritium productmn occasionally neutrons arc
produced without any tritium being found.

In order for these and other apparently conflicting
observations to be explained, even to a limited extent,
an important hypothesis is proposed. At least three nu-
clear reactions are proposed to occur within a metal
deuteride lattice. One reaction produces the majur
source of heat, the second produces mainly tritium
with a few neutrons giving a neutron-to-*H (n/*H)
ratio near 10~%, and the third appears to produce
mainly neutrons. Which of these operates at any time
depends on the special conditions that exist at that
time. Of course, more than one of these reactions
could occur at the same time but at different locations
in the metal. Additional reactions have been suggested,
bul the evidence is less compelling. Detailed experimen-
tal justification for this suggestion and a model that
combines the various mechanisms and nuclear reac-
tions is developed in this review. The experimental
studies for heat, tritium, neutron, gamma-ray and ‘He
production are discussed.

il. EXCESS H.EAT PRODUCTION

Four major logic levels are associated with under-
standing the source of excess heat. The first level asks
the question

.. 1..1s the excess heat caused by errors in the
measurement?

This possibility is discussed in Sec. 11.A.
Should the answer be “no,” the question at the next
level is

2. What is the reaction that produces excess
heat?

As the amount of observed excess energy increases
beyond a certain level, the probability for a nuclear or-
igin increases as well. At some level, there is no pos-
sibility of evoking a chemical source without major
conflict with basic chemical experience. This experience
shows that there is an upper limit to the energy that can
be obtained from a chemical bond. Thus, thete is an
upper limit to the energy that can be obtained from the
limited quantity of chemicals that exist in a cell. This
assertion is discussed in Sec. I11.B.

If the amount of heat is sufficiently large and nu-
clear products are found, the question becomes

3. What nuclear reaction produces the excess
energy?

Conventional fusion theory predicts a trivial fusion
rate at room temperature. Consequently, if a signifi-
cant fusion rate does occur, it must be caused by an
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unexpected phenomenon involving special conditions
that exist in a periodic array of metal atoms. Several
theories have addressed this aspect but are not dis-
cussed in this review,

The question a1 the next logic level is

4. What is the new phenomenon, how can it be
initiated in the lattice, and what nuclear
reactions are influenced by the phenomenon?

At this level of acceprance, we are dealing with an ap-
proach normally applied to a mature science. As yet,
the cold fusion field has not reached this level in some
people’s minds.

Efforts to atiribute the heat to a chemical source
have taken three forms

1. The calorimeter has a positive bias because en-
ergy accounting has not been properly made.

2. Energy is accumulated in some chemical form
during the initial charging and released later.

3. Anunknown reaction releases the energy. The
latter source is proposed 1o be either mechani-
cal or chemical.

ILA. Errors in Calorimetric Measurements

One needs to appreciate that the technique of cal-
orimetry is very highly developed, and has been used
with increasing accuracy for >100 yr. While.an indi-
vidual may make a mistake or an apparatus may fail
in some respect, these problems are not common
within the field of expertise. Nevertheléss, all'measure-
ments contain some error. Error analysis‘depends on
the type and design of the calorimeter used. However,
in all cases, the errors can be divided into two groups:
(a) random errors that relate to the precision of the
varjous individual physical measurements needed to
arrive at the excess heat-and (b) systematic errors thai
occur because some energy has been ignored in the cal-
culation due to design defects or unknown chemical re-
actions. Both types of errors are normally revealed by
studying cells containing H.0 as the electrolyte, using
platinum as the cathode instead of palladium, or inac-
tive cells containing both D.O and palladium. If such
cells show no excess heat above that which can be ac-
counted for by considering all energy entering and
leaving the cell, the calorimeter is generally considered
to be accurate to the degree that input power equals
measured power.

The most important systematic errors involve en-
ergy that leaves the cell. When gases escape, there is an
uncertainty in the chemical energy carried away by the
resulting hydrogen and oxygen because of possible par-
tial recombination within the cell. However, all of the
workers reporting excess heat are aware of this prob-
lem, and, when tested, recombination is found to be
DEC. 1991
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negligible at currents >30 mA/cm? (Ref. 299) and as
long as the electrodes are kept below the fluid sur-
face.'¥143.14 Dissolved hydrogen and oxygen can be
recombined on the anode, but the rate is trivial. *®
Furthermore, many workers now place a recombiner
within the cell so that no gas need leave, and all of the
chemical energy remains in the cell. An additional fac-
tor is the transport of D,0 vapor out of the cell with
the gases.'*2'? Heat associated with this loss is small
when the cell temperature and current are low but be-
come significant when both are large. This qguantity
needs 1o be included in the heat calculations when the
highest accuracy is desired. Some LiOD + D.O(/)
mixture is also carried away as an aerosol within the
gas stream. This effect increases as the current is in-
creased but is small under most conditions. Of course,
none of these processesds important when a closed cell
is used.

Energy deposited within a cell is in the form of an
electric current and is.calculated by multiplying the cur-
rent passing thtough the cell by the voltage measured
between the electrodes. This energy can be determined
with very high precision provided both current and
voltage are measured as a function of time. Once the
cell is assembled and turned on, energy flow is moni-
tored, and any subsequent energy entering the cell will

be detected within limits determined by known errors.

Although some workers have charged the palladium at

Tow current without monitoring the energy during this

1ime, most excess heat has been found after a complete
accounting was made from the time the cell was first
turned on. _

Besides the electric current, chemical reactions and
physical strain may add energy to the cell.

i1.B. Chemical Sources of Excess Heat

Typical cells contain a very limited number of ¢l-
ements and amount of material. Therefore, the total
possible excess mechanical or chemical energy con-
tained in these materials or produced by interaction
also must be equally limited. Only energy above the
lowest possible energy states of the initig! constituents
of the cell is available to be added 10 energy that is gen-
erated within the cell. The only additional substance
that is normally added is D,0O 1o replace that which is
lost by electrolysis from an open, unsealed cell. Deu-
terium oxide is generally acknowledged as being in its
lowest chemical state under these conditions. Further-
more, all of the construction materials are chemically
inert to each other when allowed to remain in contact
over a long time. Therefore, for a chemical reaction to
occur, some form of energy must be supplied from the
outside. In this case, this energy is supplied by the elec-
iric current,

Only three curremi-induced chemical reactions are
known 1o have the potential to affect the energy bal-
ance to a significant extent. These are the formation of
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D, and O, gases from the heavy water (see Sec.
11.E.3), formation of PdD, a1 the cathode with the re-
Jease of O, gas, and formation of Pd-Li alloy a1 the
cathode by reaction with lithium ions. Peroxide forma-
tion has been proposed but not detected.

The formation of 5-PdD by a reaction between
palladium metal and deuterium gas™-%"32 3nd chemi-
sorption on internal cracks®® gives off heat. This
source of heat is discussed in detail by Godshall et al.'*!
An observed increase in cathode temperature during
the initial reaction to form PdD and a decrease dur-
ing removal of deuterium is consistent with expecta-
tions.?'"2% An initial cooling of the cell has also been
reported'**#7%2'% {hat is not caused by the Peltier ef-
fect.'*® However, as the palladium cathode becomes
saturated with deuterium, this relatively small energy
perturbation decreases, and the temperature of the cell
returns to a baseline value.

Elemental palladium and lithium form an alloy
with heat release. However, the reaction in a cell is be-
tween palladium and Li* ions in solution. This reac-
tion requires energy that, again, is supplied by the
flowing current. Consequently, a slight temperature re-
duction would result to the extent that such an alloy
formed. This temperature reduction is not observed be-
cause the rate of formation is limited by the diffusion
rate of lithium in palladium, a very small number.

In summary, any chemical reaction that requires
additional Gibbs energy supplied by the flowing cur-
rent to occur will appear as a loss of energy from the
cell. Should such a normally unstable compound be
formed but go unnoticed, a heat effect would occur
when the cell current was subsequently decreased or
stopped, thereby allowing the compound to decom-
pose. Only one such heat effect has been reported,®'®
but at a level much too small to suggest this effect
could be the cause of significant excess heat. Thus, £ri-
tiques that explain the excess heat as being due 40 the
formation of hypothetical compounds are not consis-
tent with observation.'?8** An analysis of possible
chemical reactions was developed soon afterthe first
announcement of the cold fusion effect and-shotild be
consulted for more detail.>%

The palladium can contain some'strain-energy that
wenld he releaced during hydriding.?® While the
amount of this energy is difficult to quantify, it is ex-
pected 1o be small,*®" and it would be released and
measured only during the initial hydriding process. Ex-
cess heat lasting weeks has been detected even when
fully annealed, strain-free palladium was used. Should
strain energy be introduced and subsequently released
during hydriding, no excess heat would be seen because
the energy would be part of the measured heat balance
within the calorimeter. Consequently, the proposed be-
havior of strain energy, either initial or induced, is not
consistent with observation.

Another approach can be taken to put the chemi-
cal-mechanical source of heat in perspective, The
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amount of excess energy reported can be compared to
various chemical and physical processes. As much as
50 MJ/cm? of palladium? has been reported to be re-
leased during the life of a cell.?'? This amount of en-
ergy is sufficient to melt 641 cm® or 7690 g or 72 mol
of palladium at 1823 K (Ref. 308), and its production
would require 1700 g of hydrogen to be burned. If
released during a short time, this energy would raise
a typical cell (<1 kg of glass and heavy water) to
>12000 K. Of course, only a few cells have achieved
this much excess energy production, and, fortunately,
it occurred over many weeks. Nevertheless, these ex-
amples of common chemical and physical processes
show how difficult it is to atiribute this amount of ex-
cess energy to a nonnuclear process. The only other al-
ternative is to argue that a large positive and variable
bias exists in all calorimetry measurements giving pos-
itive results. This suggestion is not supported by any
other behavior pattern in the measurements.

IL.C. Examples of Experimental Results for
Excess Heat Production

Table I compares the varipus reported heat mea-
surements, both positive and negative, and lists the ac-
curacy for the caloriméter'when a value is reported.
Each entry generally represents several examples of
positive and/or negative results. The presence of excess
heat was usually noticlaimed until the accuracy limit
was exceeded. On average, the calorimeters that pro-
duced negative results have lower accuracy than those
that gave evidence of excess heat. Nevertheless, they
should have been sufficiently sensitive to see heat if it
had-been produced. The absence of heat is proposed
t0 be caused by unfavorable conditions that existed
in the palladium cathode. This aspect is discussed in
Sec. 1L.E.2.

Although all of these results have potential impor-
tance, a few studies need to be examined in detail be-
cause they are unique. In general, the heat production
rate reported in these studies is so large that dismiss-
ing the results as being caused by calorimeter errors is
not reasonable. Furthermore, the heat was made un-
der a variety of conditions so that if it is caused by a
chemical effect, a variety of very energetic chemical re-
actions must be assumed. Such an assumption is very
difficult to justify.

9This reported value assumes that energy production is pro-
portional to the volurne of the electrode. This assumption
may not be correct. It is not clear from the paper just how
much total energy was produced in this experiment. If the
smallest reported electrode volume of 0.01 cm? is as-
sumed, the total energy would be ~0.5 MJ. When this
quantity is used, subsequent calculated values need (0 be
reduced by a factor of 100. In spite of this uncertainty,
chemical sources of energy are still very unlikely.
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TABLE 1
Summary of Calorimetry Studies
Open or
Reference Cathode® Treaiment® Type© Closed? {Blank®| Accuracy’
No Excess Heat Reported
Albagli et al.'®? 1-mm wire 725°C, vacuum Isothermal Open Yes =5
Armstrong et al, '3 Sheer " Flow Open Yes <4%
Bosch et al.!?! Melted Heat Joss Open No i%
Chemla et al.'* |-mm wire 3 Heat loss Open Yes Jto 5%
Flemingera! '™ 0.5 to 3-mm, melt Anodized, vacuum | Seebeck Open,closed | Yes 2%
cast, hot pressed
Godshal! er al.'¥! Cast 200°C, vacuum Vapor Open ? 2%,
Hayden et al.!*® investment bar 600°C, vacuum Flow Closed Yes 0.3%
lyengar et al 3 Tube Sanded Adiabatic Open Yes E
Jow et at.!® 1 and 0.5 mm 1140°C, vacuum Seebeck Open Yes 2%
Keesing et al 148 1-mm wire = 1400°C Substitution | Open No 1%
Kreysa et al.'¥ Sheet, 1-cm rod ? Heat loss Open No 5%
Lewis et al.'* 0.25- 10 3.9-mm wire | Sanded, melied lsothermal Open Yes <6%
Longhurst e1 al.'** $1-um foil, 1-mm wire [ ? Heat loss QOpen Yes 56y
McCracken et al.1*? | Sheet, rod, tube, 600°C, vacuum Flow Closed Yes 1%
titanium sponge
Miskeliy e1 al.'?® 2.2-and 3.9-mm wire |? Heal loss Open Yes 5%
Redey et al. 19 6.3-mm wire 650°C air and Heatloss Open No 0w
&00°C vacuum
Ritley et al.'*? 6-mm wire Variety Heat loss Open, closed |  Yes 04W
Stilwell et al, '+ 1.4-mm wire 245°C Heat loss Open Yes 510 10%
Wiesmann '*? Rod, sheet 300°C, vacudm Heat loss Open Yes =05 W
Williams er al."*® 1- 10 6-mm wire, Variely Heat loss, Open, closed | Yes 510 10%
bar, cast, ribbon isothermal
Excess Heal Reported
Appleby e1 al. 2" 0.5- and 1-mm wire ‘None Seebeck Open Yes <i%
Arata and Zhang?®® | 2-cmrod ? Cathode Open Yes | Notapplicable
temperature
Droege and Droege?'® | 2-mm wire ? _ Isothermal Closed Yes =0.5%
Eagleton and Bush®® | Investment baz Aqua regia, Heat loss Closed Yes 03w
. 200°C, air
Gozzi et al 21* Powder Sintered Cathode Open No | Not applicable
. temperature
Guruswamy and Palladium, titanium, {600°C, argon Heat loss Open 4 s
Wadsworth?*? zirconium
Huang et al ¥ Coin Arc-melied Flow Open No 0.05
Hutchinsoneral.?'® | 6.3mm, 1.3cm 200°C, vacuum and | Heat loss Open No ?
‘ 200°C vacuum
Kainthla et a] 2° 1- and 3-mm wire Electro Heat loss Open, closed | No 3%
Karabut et al 24 Disk ? Heat loss Gas Yes ?
Lewis and Skold**® | 3-mm bar 900°C Flow Open Yes 0.2W
Liaw et al. 22 Wire Torch melted Heat loss, Open Yes ?
fused sal
McKubre ¢t al.?? Rod Melted, 800°C, Flow Closed Yes 0.2W
vacuum
Miles e al. > 6.3-mm wire ? Heat loss Open Yes 59,
Noninski and
MNoninski??* 0.5-mm wire ? Adiabatic Open No 0.1%
Oriani et al. 2 1-mm wire None Seebeck Open Yes 0.3%
See footnotes at the end of the table.
{Continued)
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TABLE 1 {Continued)
Open or
Reference Cathode* Treaimeni® Type* Closed? Blank* Accuracy’
Excess Heat Reporied (Continued)
Pons and
Fleischmann'+2!2 1,2.4,and 8 mm None Heat loss Open Yes <%
Santhanam et al.¥" | Titanium and ? Substitution | Open No ?
palladium
Schreiber et al ?'® Old crucible Melied, hammered | Heat loss Open, closed | Yes <%
Scott et al.2"’ 5.6and 2.8 mm 900°C, vacuum Flow Open, closed | Yes 1to 3%
Szpak e al.** Electrodeposited None Heat loss Open Yes ?
palladium
Yang et al.32* 6,3.5,and2.2 mm 600°C, argon Heat loss Open ? 2
Zahm e1 al. ' 4-mm wire ? Heat loss Open No ?

*All cathodes are palladium except when noted. A few examples of size are given even though cathodes of various length, mass,
and area were frequently used.
®Lack of space limits the details that can be listed in this category. In many cases, the cathode was heated in vacuum at the indi-
cated temperature. Other treatments might have proceeded this anneal. In some cases, other treatments might have been used
instead of an anneal.
‘? variety of calorimeter types have been pressed into service, each having its own sensitivity apd absolute error. They are as
ollows:

I. Adiabatic: Energy is measured by noting the rate of temperature change. This generally occurs so rapidly thai linle energy
is lost 10 the surroundings.

2. Heal loss: Energy production causes the temperature of the cell to increase until energy loss equals energy gain. The
achieved temperature is used to determine the energy production rate. Several variations on this design have been used as well
as various methods of calibration. A detailed analysis of this calorimeter gype is given by Pons and Fleischmann. 2

3. Isothermal: A source of known energy is applied to the cell, and this energy is adjusted 50 as to keep & consiant femper-
ature as other sources of energy change. A resistor is usually used to’add this known energy. However, Droege and Droege?®
used a thermopile.

4. Vapor: The cell is kept in a Freon bath that is boiling at-a known-rate. Changes in the boil-off rate are used 10 determine
the energy added by the cell.

5. Seebeck: Hear is allowed to exit the cell through.a thermopile, and the generated voltage is used to determine heat flow,

6. Flow: Heat is carried away by flowing waters Energy change is determined by measuring the temperature difference
between water emering and leaving the calorimeter, This quantity is used in combination with the flow rate and the heat capacity
of water.

7. Substitution: A guantity of known energy is used 1o bring the cell 10 the same temperature that was achieved during elec-
trolysis. The difference between the net energy sepplied to the cell during electrolysis and the known energy is considered 1o be
ExXCess.

8. Cathode temperature: On a few pgcasions, excess heat was determined by measuring the temperature increase of the cath-
nAds While being sensitive 160 hearsproduction, this method cannot give a quantitative value.

dCalorimeters withow! internal recernbination of the gases are considered 1o be open even though they may be lsolated from the
atmosphere. Closed cells recombined the D; and Q;, thereby allowing no gas to escape, One study, designated “gas,” used ion
discharge in D, gas.

*Some calorimeters were run using a platinum cathode or H,O in the electrolyte. This gives a baseline for zero excess heat pro-
duction and a measure of the accuracy. A “Yes™ is noted if such blanks were studied and “No” if not. Very often, however, cells
that were expected 10 produce excess heat did not. During this time, a blank baseline could be obtained in spite of not running

. a formal blank. .
"Frequently, but not always, a value for the accuracy is noted in the paper. Generally, the sensitivity was less than this value.
No excess heat was claimed by the authors unless the accuracy limit was exceeded by an arbitrary amount.

ever, no evidence of excess heat, neutron, gamma-ray,
YHe, *He, or tritium production was reported. The
calorimeters were sufficiently sensitive and the current
range was sufficiently broad (=600 mA/cm?) that the

1. Williams et al.'*® (United Kingdom Atomic
Energy Authority, Harwell, England): This is a very
broad study using palladium and titanium from a va-
riety of sources and several calorimeter designs, How-
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excess heat should have been detected had fusion oc-
curred. This negative result has produced considerable
skepticism about the cold fusion effect.

2. McKubre et al.?'? (SRI International): A high-
pressure cell {60 atm D, ) was electrolyzed under condi-
tions that prevented oxygen formation. The palladium
was vacuum melted, machined, etched with agua regia,
vacuum annealed at 800°C, and cooled in D;. Excess
power between 1.5 and 2 W with bursts was reported.
In addition. autoradiography found radioactivity® in
the cathode even though no evidence of tritium was
found in the electrolyte or in D, removed from the
electrode. No *He or *He was detected. However, de-
tection sensitivity may not have been sufficient to see
the amount of helium associated with the small total
energy production. Surface analysis found no change
in the normal isotopic ratio and no clements that might
be associated with a fusion reaction. Loading near a
deuterium-to-palladium ratio (D/Pd) of !, based on re-
sistivity change, was claimed, but not all elecirodes so
loaded produced heat. Deuterium loss produced heat
in one case. A deuterium gradient is suggested to be
important.

3. Appleby et al.?" (Texas A&M University): A
very sensitive microcalorimeter was used to study small
samples. Normal LiOD as well as material enriched in

Jelectrolyte without producing a significant difference

in excess heat production rate. However, when_the
LiOD was replaced by NaOD, energy productich de-
creased 1o zero over ~10 h. Subsequent replacement of
the NaOD by LiOD caused excess heat'to return.
When the current was interrupted, excess heat'produc-
tion did not stop immediately but decieased rapidly at
first, then more slowly over several hours.

4, Santhanam et al.*’ (Tata.Institute, India): Ex-
cess heat is claimed using 1.A4 NaCl as the clectrolyte
and palladium or titanium as cathodes. Palladium gave
the larger production rate. This rather incompletely de-
scribed work is the only claim for excess heat using so-
dium in the electrolyte.

5. Bush and Eagleton®*' (California State Poly-
technic University): An investment bar of palladium
(Englehard Industries) was used. By carefully studying
excess energy production as a function of charging cur-
rent in several cells, a fine structure was found in the
relationship. This structure is explained by the authors
using a resonance theory. Kainthla et al.??® (Texas
A&M University) measured heat production over the

calculaied some possible radioactive species that might be

gﬂlanks showed no such effect. Miles and Miles*'® have
present.
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same current range with similar detail and reported no
such structure.

6. Liaw et al.%** (University of Hawaii): This is
the first study using a fused salt of KCl + LiCl in
which LiD is dissolved. Excess heat was obtained be-
tween 400 and 460°C using palladium or titanium as
the active electrode (anode). Only palladium that had
been flame melied, which gave a porous surface, pro-
duced heat, Palladium gave a power production rate
equal 10 1512% excess at 692 mA/cm? and 460°C, &
net gain of 25.4 W from 0.498 g of palladium. Excess
“He was detected in the electrode but not enough to
account for the heat. Titanium also produced excess
heat but at a much lower rate. While lithium is present
in the solution, it reacts with the aluminum cathode
rather than with the anode.-Apparently lithium does
not need to be present withithe deuterium for excess
encrgy to be produced:

7. Karabut gt'al.2! (“Lutch,” USSR): Heat and
neutrons were_produced by using electric discharge in
D, gas with a palladium cathode. Although this work
is not reported in detail, 120 to 150% excess heat over
the electrical input is claimed. The effect did not occur
when the palladium was oxidized and when its temper-
ature exceeded 500 K. The maximum neutron flux was
= 10%.n/s, which, it is claimed, corresponds roughly to

‘the-heat production rate if a branching ratio (n/°H)

of 10°% 10 107 is assumed.

8. Bush et al.**® (University of Texas and the Na-
val Weapons Center): Helium-4 was found in the efflu-
ent gas (100x detection limit) while excess heat (0.14
to 0.52 W) was being produced in Pd/LiOD-D,0
cells. The amount of helium was consistent with the
amount of heat. No *He was found when heat was
not produced. This work confirms that *He is the nu-
clear product of heat production, and it shows that the
reaction occurs on the surface. In addition, dental
X-ray film located on the outer surface of the cells
showed the presence of radiation. Normal water con-
taining cells showed neither *He nor radiation, al-
though some unexplained excess heat was reported. No
*He was detected.

9, Droege®'® (Environmental Optics Corpora-
tion): When D;0 was replaced by H,0, the heat con-
tinued for ~35 h, then abruptly dropped to zero. Scott
et al.?>'? [Oak Ridge National Laboratory (ORNL))
found that after the electrolyte was replaced by one
containing normal water, excess heat, neutron, and
gamma-ray groduction took »>100 h to disappear.
Huang et al.#*-*!! (University of Hawaii) also found
that 20 to 40 h were needed to eliminate excess heat af-
ter adding normal water. Belzner et al.?'® (Stanford
University) reported loss of heat when the electrolyte
was exposed to the atmosphere, In this case, the effect

Al
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sould have been caused by CO; as well as by water
pickup.

10. Arata and Zhang®® (Kinki University and
Osaka University, Japan): The temperature of a large
palladium cathode (2 X 5 cm) was measured while deu-
terium was caused 10 repeatedly enter and leave the
metal by switching the cell current off and on. Produc-
tion of heat during charging and cooling during dis-
charging were clearly observed. In addition, large
bursts of heat were seen occasionally as the palladium
temperature rose and fell (70 to 110°C) while the cur-
rent was constant. The magnitude of this energy is far
higher than can be explained by the deuterium absorp-
tion rcaction‘, in contrast to the conclusion reached by
the authors.

11. Lewis and 5k61d**® (Uppsala University, Swe-
den): A bar (3 x 3 x 55 mm) of palladium was electro-
lyzed, and it produced excess heat while neutron and
tritium measurements were being made. In one cell, ex-
cess heat showed bursts 1o 155%, and there were oc-
casional neutron bursts associated with turning the cell
off and on as well as just before excess power produc-
tion ceased. Onset of power production seem 1o be as-
sociated with D,0 additions. No excess tritium was
found in the electrolyte. Another cell gave bursts of ex-
cess heat to 39%, but neutron bursts were seen only af-
ter heat production had largely ceased.

H.D. Relationship Between Heat Production
and Celi Current

When the steady component of heat production as
watls per square centimetre is compared to the total
cell current as milliamperes per square centimetre, a
broad relationship is found,?® as shown in Fig. 2. As
first suggested by Pons and Fleischmann,?'? there if.a
marked increase in excess power as the current density
is increased at low current density. When measure-
ments based on a variety of cathode volumes and ar-
€as are compared, there is a suggestion that an-upper
limit to heat production exists at each current and that

——

*The authors™ conclude that the meastred temperature
increase of the cathode was due to a reaction with deute-
rium. This cannot be correct for the following reasons:
The palladium was found 1o increase from 70 to 112°C
over 1.5 min. If no energy were lost 1o the electrolyte, this
temperature change would require 460 cal, based on the
sample weight and the heat capacity of palladium. At the
maximum cell current of 300 mA, 4.7 x 10~ mol of deu-
terium would have bzen available to react with the palla-
dium during the 1.5-min temperature increase. This would
have generated ~4 cal if all had reacted. Thus, the energy
generaied is at least 100 times greater than the energy avail-
able from the hydriding reaction.

*Unfortunately, not all the positive results could be com-
pared because cenain details are lacking in the papers.
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this limit approaches a constant value as current is in-
creased. When plotted on a linear scale in contrast to
the log scale shown in Fig. 2, the upper limit for an
aqueous cell is described by the equation,

W (W/cm?) = 3.6] (A/cm?)

to at least 0.7 A/cm?. The solid line in the figure shows
values obtained from this equation. There is an indi-
cation in the data that the process may saturate at higher
currents and the large scatter indicates that current
density is not the only important variable.” Typically,
large bursts lasting several minutes superimpose on the
steady heat production. Fleischmann and Pons state
that tritium is produced during these episodes, but the
details are still lacking and confirmation by other stud-
ies is mixed. Some bursts appear to produce tritium
and some do not. At much higher temperatures, in a
fused salt cell, Liaw et al.?*? have produced a much
larger steady power with a similar sensitivity to current
density and a similar tendency for burst, formation.

It is hard to support an argument that all of these
measurements, based on many different calorimeter de-
signs, suffer from errors that/€an conspire to produce
this relationship. Nevertheless, there are a number of
factors that need to be considered when interpreting
this behavior. The following partial list also gives an
example of the difficulty in sorting out variables so
that reproducibility can be achieved. As the current is
increased,

1. Bubble coverage will increase, thereby shielding
a greater average fraction of the surface from the cur-
rent/and producing greater local fluctuation in deute-
ritm content as bubbles are made and released.

2. The voltage across the surface layer will in-
crease.

3. The temperature of the cathode will increase.

4. The concentration of deuterium in the surface
region of the cathode will increase.

5. The deposition rate of impurities will increase. *'?

The order of importance that should be assigned 1o
these variables is not clear at the present time. How-
ever, a comparison between the agueous cells at 25 to
50°C and the fused salt cell at 400 to 460°C strongly
suggests that temperature is a major variable.

B The large scatter at low current densities may be parily due
to temperature errors caused by poor mixing because of
the small amount of evolving gas.'? This is not a prob-
lem at high current, where bubble generation produces
good mixing.
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Fig. 2. Effect of 1otal current density on excess power per/Square centimetre. All values are from D,O-containing cells ex-

cepl those for Liaw et al.?#?

ILE. Factors AHfecting Hest Production

Although there are clearly many important vari-
ables that have not yet been revealed, a few can be
suggested based on both negative“and positive obser-
vations.

i ). Electrolyte

Electrolytes containing LiOD, LiOH, LiOD +
Li;S0,, Li;S0,, LiOD + NaCN, or NaCl all have
given excess heat on occasion. However, when LiOD
was used at very high concentration in glass contain-
ers, excess heat was not observed, perhaps because
glass components deposited on the cathode surface. ™
Nevertheless, glass or stainless steel cells have been
used successfully at the usual 0.1 M concentration.

The effect of enriched lithium has been studied to
determine whether lithium-deuterium fusion was oc-
curring. Stilwell et al."™ found no excess heat when
normal lithium was used. On the other hand, Appleby
et al.2" produced excess heat, and the amount was in-
sensitive 10 whether ®Li, 'Li, or normal lithium was
used. When the lithium-containing electrolyte was re-
DEC. 199!
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placed bzy one containing sodium, the heat effect
stopped.?'* Nevertheless, heat has been produced in a
fused salt cell, in which lithium does not enter the pal-
ladium, and heat has been reported’?’ using an elec-
trolyte containing NaCl. In addition, tritium has been
produced on many occasions using a sodium-contain-
ing electrolyte.3 Apparently, lithium is not essential
to the production of tritium and perhaps not 1o the
production of heat as well.

Any impurity in the electrolyte such as normal wa-
ter, impurities released by chemical reactions with cell
components or added with the lithium, CO; picked up
from the air,?'* or impurities’ present in the D;O may
affect the reaction or introduce errors in the heat mea-
surement. The presence of copper or solder in contact
with the electrolyte results in impurity deposition on
the cathode.?*® Impurities in the platinum anode are
slowly leached out and deposited along with the plat-
inum. All of these factors affect reproducibility.

iSolids at 16 ppm were detected in a bottle of D0 sup-
plied by Aldrich Chemical Cnm}:»any and ¢ ppm in a bot-
tle supplied by MSD Isotopes.*?
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I1.E.2. Palladium Cathode

Purification by vacuum annealing i5s a common
practice. Excess heat has been obtained from both
vacuum-annealed as well as “as-received™ metal. While
removing dissolved hyvdrogen, annealing also changes
the physical siructure of the metal. Reproducibility
cannot be expected until the structure is standardized
1o that which allows the effect to occur. On the other
hand, heating palladium in air removes carbon from
the near-surface region, thereby removing one of the
components that may help the cold fusion effect in an
aqueous cell.>** Heating and melting the metal with a
propane torch seemed to have no detrimental effect
when the metal was used in a fused salt cell.?22)
Cleaning palladium with acids containing chlorine may
not be advisable because this element is a strong poi-
son that inhibits reaction with hydrogen. Commercial
palladium contains a variety of impurities. Some of
these (rhodium and silver) migrate 1o and concentrate
at the surface during electrolysis.*'* Until the effect of
these impurities is known, only the purest palladium
should be used.

I1LE.3. Correction for Elecirochemical
Energy Loss

An open electrolytic cell loses energy when the D
and O, gases leave. The amount of this energy can be
subtracted from that entering the cell in various ways,
The most common is 1o multiply the thermoneutral
potential® by the cell current and subtract the result-
ing energy term from the electrical energy flowing into
the cell. Minor variations in the thermoneutral poten-
tial have been used in the various studies (1.526 1o
1.540 V). The recommended value is 1.527 V,/—70.46
kcal/mol, or —294.6 kJ/mol (Ref. 315). To the€xtent
that a value higher than the recommendation isused,
the reported heat will overestimate the actual excess en-
ergy, especially at higher cell currents..This‘quantity is
accurate as long as only D;0 is being electrolyzed. In
practice, some H,O is present inthe heavy water, and
this is electrolyzed preferentially. Therefore, the actual
neutral potential will be slightly smaller than the men-
tioned value, depending on the amount of normal wa-
ter present. This error also will cause an overreporting
of the excess heat. The normal water concentration in
heavy water cannot be based solely on the amount
claimed by the manufacturer because new bottles can
differ from this claim, and normal water can be picked
up during the experiment. Furthermore, hydrogen
from normal water will enter the palladium preferen-
tially'*3-297316 and reduce or stop excess heat produc-

ily is not certain whether this treatment would add or re-

move carbon.
“The thermoneutral potential is the enthalpy for the forma-
tion of DyO expressed in volis (1 faraday = 96489 C).
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tion if the quantity is excessive. Closed cells do not
suffer from this problem.

iL.F. Nuclear Preducts Associated with Heat Preduction

To learn whether neutrons or tritium are associated
with heat production, these nuclear products must be
detected while excess heat is being generated. Many
measurements have been made in the absence of excess
heat production and these are discussed in Sec. [il.
Attempts to detect neutrons and tritium during heat
production have had mixed success. Tritium has been
detected in cells while producing heat by Gozz et al.,*'"?
Fleischmann and Pons,' and Bockris et al.> During
the laiter study, heat had been produced for ~10 days
before bursts of tritium were observed. In no case is
the detected tritium sufficient to account for the ob-
served excess heat. On the other hand, Miles et al.,?*!
Lewis and Skoid,?*® Zahm et al.,'®® Scott et al., 2"’
and McKubre et al.*'® did not-detect tritium in their
cells after heat production eventhough it was sought.

Scott et al.?'? reported low-level neutron and
gamma-ray emission from a.cell making excess heat.
Lewis and Skold*® reported neutron bursts both dur-
ing and after heat production. On the other hand,
Salamon et al.'®* did not detect neutrons or gamma
rays from cells ‘being studied by Pons and Fleisch-
mann. It is not clear whether these cells were actually
producing excess heat during the examination al-
though, based on other work, this may not be a criti-
cal point/ Zahm et al.'** detected neither neutrons nor
gamma rays while excess heat was being observed.

. The only detected nuclear product that is clearly
associated with heat production is “He. These studies
gave the following general results:

1. Morrey et al.'®® (group effort): Various pieces
of palladium supplied by Fleischmann and Pons, both
used and unused, were analyzed for “*He and *He.
The work established that once helium enters the lat-
tice, even by alpha-particle bombardment, it is re-
tained. Surface helium can be removed by eiching.
Unfortunately, there was sufficient “He in the unused
palladium that production in the used metal could not
be established. No *He was detected.

2. Liaw et al. 22 (University of Hawaii): Electrodes
used in a fused salt cell were analyzed for “He. One of
four samples showed *He at 140 above background.
The other three samples were only slightly above back-
ground. The amount of *He detected was not suffi-
cient to account for the observed excess heat.

3. Bush et al.Z® (University of Texas and the Na-
val Weapons Center): Sufficient *He was detected in
the evolving gas to account for the observed excess
heat within a factor of 10. Blank cells showed no ‘He.
No *He was detected. Helium retained by the elec-
trode was not determined.
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M. TRITIUM, NEUTRON, AND RADIATION PRODUCTION

Attempts have been made to detect neutrons, tri-
tium, gamma rays, protons, *He, and *He as likely
nuclear products. Of these, neutron detection has been
given the greatest effort although it is the more diffi-
cult measurement because of the generally low emis-
sion rate. In addition, shifts in the ®Li/"Li ratio and
the palladium isotopic ratio have been sought.®'*
Technigues such as Parlicle track!33-168.281.317 gng
autoradiography?'>2* have been used to detect high-
energy particles, but these techniques cannot be used
for identification.

If tritium and neutrons are actually produced in a
metal lattice, the existence of at least two nuclear re-
actions cannot be doubted. The only issues are (a)
whether tritium is produced in the cefl rather than en-
tering from an outside source as contamination and (b)
whether the neutrons actually are emitted from the fu-
sion cell rather than from cosmic-ray showers, electri-

N
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cal noise, or other external sources. Each of these
issues is addressed later. However, the detection by dif-
ferent laboratories of both neutrons and tritium at the
same time to give an internally consistent ratio largely
eliminates the possibility of chance or contamination
as an explanation.

{ILA. BeutronTritium Ratio

Most workers do not have facilities available for
the routine detection of both tritium and neutrons.
Consequently, only a few measurements of the relative
production rates have been reported. Values for the
n/*H ratio and the cell conditions are listed in Table
Ii. These data are plotted as the log (number of tritium
atoms) versus log (number.of neutrons) in Fig, 3.
Clearly, the ratio is significantly less than unity, with
a lower limit near 1077 and it has a range of values.
Indeed, low-level neutron emission has been observed
without the. presence of tritium being detected even

TABLE I?
Reported Tritium Productien and n/*H Ratio
Tritium
Reference n/'H (uCi)* Cell Design
Wolf e1 al.#2-® 1077 =7 Palladium in LiOD
Claytor et al.?* 2721078 0.17 Palladium + silicon (SiQ;) in D,
0.8(x1) x 40-% 0.32 Palladium + silicon (Si0;) in D,
2.4(+4) % 107* 0.044 Palladium + silicon (5i0,) in D;
Iyengar et aj.??

E* 107 7 Titanium (rod) in NaOD

2 10—t 380 Pd-Ag (tube) in NaOD

3 10-* 190 Pd-Ag (disk} in NaOD

4 8x10"° 1.9 Palladium {tube) in LiOD

5 1.7 x107% 0.03 Palladium (cube) in LiOD

6 1 x10°¢ 0.21 Palladium (pellet) in LiOD

7 gx 107 0.009° Paltadium (ring) in LiOD

B 3.2x 10 0.0009 Palladium (coil) in Li;50,

9 7% 1077 0.17 Palladium (bution) in LiOD
Sona et al.?* 2x 1010 1077 ? Palladium (sheet) in LiOD
Gozzi e al 1% 3.4 x10°® 0.01 Palladium (rod) in LiOD
Packham et al.?’ 0.08 1o 340 Palladium (wire) in LiOD + NaCN
Storms and Talcorr?*® .01 to 0.06 Palladium (wire) in LiOD
Chéne and Brass®™® 0.0005 Palladium (wire) in LiOD
Sdnchez et al.* =0.03 Titanium (sheet) in Li,SO,
Iyengar et al.?3 (p. 57} 56.3 Palladium (tube) in LiOD
Iyengar et al.®* (p. 84) 0.007 10 0.03 Titanium in D, at 900°C

0.07 Pd-Ag in D; at 600°C
Kaushik et al 2% =30 Titanium in D, cycled
Chien and Huang?*"' =40 Palladium in LiOD

8] uCi = 2.2 x 10° disintegration/min = 3.4 x 107" mol =

2.1 x 10" atoms = 3.7 x 10* Bq.

bFirst report of n/*H ratio but tritium value has since been repudiated.?'*

“Numbers for points shown in Fig. 3.

9This value, obtained from a table (p. 34), is inconsistent with 16.25 uCi given in the text™* (p. 52).
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o Wolf et al 25228
& Gozzi et al 212287

+ Claytor et al.2%0
« lyengar et al.?*

log (number of neutrons)

10 1 12 13 14 15 16
log (number of tritium atoms}

Fig. 3. Relationship between the number of tritium atoms
and the number of neutrons produced in electrolytic
cells. The “+" symbol describes results from a dry
electrolviic cell. A dashed line shows a constant
n/*H ratio of 10-*%, and the solid line shows a con-
stant ratio of 107®, These lines do not imply a fit to
the data poinis. Numbered points correspond to the

"pumbering in Tabile 11,

though it was sought,?!7:230.239.274.278 Thiq experience
suggests two neutron-producing reactions, One reac-
tion produces mainly neutrons and the other is associ-
ated with tritium production with a branching ratio
near 10~°. Conditions might conspire to prodice a
mixture of these reactions in most cells. Regardless'of
the interpretation, the n/*H ratio is clearly much less
than unity, falling between 10~* and 10~° for a vari-
ety of cell conditions.*"® Although the n/>H ratio falls
in a rather wide range, it seems likely-to"me at least
that a2 much wider range would result if these 1wo re-
actions were not coupled in some way:

ILB Tritium Production ¥

Tritium has been detected after using at least six
different methods of production. These include

1. wet D,O electrolytic cells containing palladium
2. dry SiO, electrolytic cells containing palladium
3. thermal cycling of titanium in D
4.

high-voltage discharge of D, with a titanium
cathode

5. ion bombardment using D- on palladium or ti-
tanium

6. codeposition of palladium and deuterium onto
nickel.

446

At least six different methods for tritium detection
have been used. Each has been successful in demon-
strating the presence of tritium on some occasion.
These include

1. liquid scintillator

. proportional counting of beta emission
autoradiography

beta-excited A, X ray from titanium
mass spectrometer’

L S

silicon surface-barrier particle detection of
ejected triton.

ii.B. 1. Comparison of Reported Results

Table 11 lists the various reports of tritium produc-
tion. The amount of tritium listed is a crude estimate
in some cases because insufficient-detail was provided.

The rate of tritium production cannot be deter-
mined because tritium is produced in a series of bursts
during the active life of a.cell'and the result is accumu-
lated in the electrolyte. Most measurements are made
at time intervals'that ar¢ long compared 10 the burst in-
terval.

Tritium production appears to occur during neu-
tron bursts. Several of the more extensive studies of
tritium production are worth examining in more detail:

1. tyengar et al.?** [Bhabha Atomic Research
Centre (BARC), India) report a very extensive study in
which tritium and neutrons were produced by electro-
Ivtic cells of various designs containing various electro-
Iytes using titanium, palladium or Pd-Ag alloy cathodes.
Tritium was also produced by gas loading titanium and
palladium under various conditions. Using autoradio-
graphs as well as other techniques, this tritium was
found 10 occupy isolated locations on the titanium sur-
face but is more uniformly distributed in palladium.
When made by gas loading, the resulting tritium was
contained mostly in the metal rather than in the deu-
terium gas. Tritium was detected in old Ti-D samples
(10 1o 20 yr), using various techniques, at levels be-
tween 9 and 4000 uCi. However, the history of these
samples is uncertain.

2. Storms and Talcot1?*® [Los Alamos National
Laboratory (LANL)] studied a variety of surface poi-
sons and palladium alloys in an effort to find the best
conditions for tritium production. Although only a
small amount of tritium was made, it was done in cells
that allowed for complete inventory of tritium enter-
ing and leaving the cell. All produced tritium was
found only in the electrolyte.

'Kay et al.*® have pointed out the pitfalls of this tech-
nique.
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3. Claytor et al.2% (LANL) produced tritium in
‘D, gas (0.001 to 0.32 uCi) by applying a pulsed volt-
age (1200 to 2500 V, 2150 us), through alternating lay-
ers of palladium and silicon disks surrounded by the
gas under pressure. In 8 cells out of 30, excess tritium
30 was observed. Recent cells have shown a repro-
ducible production rate of 0.5 nCi/h with no produc-
tion in control cells. Various techniques were used to
verify that the tritium was being produced within the
cell.

4. Packham &1 al.?*” (Texas A&M University)
studied a variety of cells in an attempt to produce tri-
tium. Levels beiween 0.08 and 340 uCi in the electro-
Iyte were seen in 14 out of 28 open cells. One cell that
was producing heat showed two bursts of tritium in the
gas. Because this tritium was recombined and returned
to the cell, the amount of tritium going only into the
electrolyte is not known.

5. Kaushik et al.2*¢ (BARC, India) cycled the tem-
perature of titanium chips in Dy gas and found that
only 4 out of > 1000 chips examined showed the pres-
ence of tritium at the =30-uCi level.

6. Adzic et al.? (Case Western Reserve Univer-
sity) studied open and ¢losed cells from which tritium
production up 1o 49 times the starting concentration
was observed. Very low charging currents were pro-
posed to improve the probability of success,

7. Szpak et al.?** (Naval Ocean Systems Centér)
electrodeposited palladium deuteride onto copperin an
open cell. Hear, tritivm {x10), and X rays were de-
tected. These effects were not seen in control studies.
An image was recorded on X-ray film within the cell
that showed the presence of low-energy radiation.

8. Taniguchi et al.?® (Osaka Radiation Research
Institute, Japan) did not lock for tritium but did de-
tect what appeared Lo be the high-energy proton that
accompanies tritium production. A very thin palladium
cathode (10 to 18 um} waselectrolyzed using LiOD or
1™ in tha al=stirnbyvte. A silicon barrier detector on the
outside of the cell measured counts up to 100 times
background for which the energy was determined. The
energy specirum was consistent with, although not
jdentified as, 3-MeV protons with a lower energy com-
ponent, as if they had been produced on the surface
next 1o the electrolyte. If, as argued later, the reaction
occurred on promontories, some of the protons would
have had to pass through the electrolyte to reach the
detector, thereby further reducing their energy.

1 B.2. Possible Errors in Claiming
Tritium Production

Tritium can be present as contamination in cell ma-
terials or in the environment; various chemical reac-
tions in the scintillator fluid can mimic the presence of
tritium; and tritium can accumulate in the electrolyte
DEC. 199)
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as a consequence of electrolysis. Each of these possi-
ble errors is discussed starting with the problem of con-
tamination.

Tritium can enter a cell with the construction ma-
terials and through the cell walls from room air, Both
methods of contamination have been studied. Bacause
tritium has a very low concentration in the normal en-
vironment, significant contamination from room air or
from commercial materials has a very low probability.
Indeed, workers at Texas A&M University?” made a
rather thorough analysis of common construction ma-
terials associated with their cells, including a num-
ber of palladium samples. They found no evidence
for tritium contamination. A study of normal water-
containing cells provides a method to detect tritium
contamination from all sources. Excess tritium has not
been reported when normal water cells are studied.™

A study of a cell operating in a high-tritium envi-
ronment has been made.’”* As expected, tritium
pickup is nearly linear with time starting at time zero.
This is in contrast to the behavior of an active cold fu-
sion cell that typically shows an initial delay followed
by burst formation of tritium,27-238.241.25¢ Fioyre 4

™However, neutron production has been reporied from a
light"water cell. ¥

o Test Celt
s Active, Cell 73
s Inactive, Cell 70

100
B0

60

W -]
RA-w ad &
20 qggﬂn"f. & LI § se ey
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Net Counting Rate (count/min- mi)
1

Fiz. 4, Comparison between the net counting rate in &n ac-
tive cell, an inactive cell, and a cell stored in a high-
tritium environment as a function of time from the
onset of the respective studies. The net counting rate
was obtained by subtracting the counting raie of the
solurion before the studiss were started. Cells 70 and
13 were in series, and the increase in tritium content
of cell 70 was due to enrichment that should affect
cell 73 as well. The environment in which the test
cell was placed contained =50 ¢imes more tritium
than the environment of cells 70 and 73.
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compares the concentration of tritium as a function of
time in an active and an inactive cold fusion cell 1o an
identical cell stored in a high-tritium environment. The
patierns of tritium increase in the cells are completely
different. While other cell designs are expected to have
different pickup rates should environmental tritium be
present, a smooth, nearly linear increase is expected for
all designs as tritium in the room diffuses through the
cell walls or enters when the cells are opened for sam-
pling.

The tritium might be present in the palladium elec-
trode, although the method of manufacture largely
rules our this possibility.*?? Of the hydrogen ISOIOPCS.
tritium has the least tendency 1o remain in palladium™***
when it is heated 10 temperatures used for processing,
forming, or annealing. Nevertheless, Wolf*'® reports
finding tritium in two pieces of unused palladium wire
as well as in an annealed electrode afier it was used in
a normal water cold fusion cell." This contrasts with
a very complete study’® using 45 samples of palla-
dium from a variety of sources, including the source
used by Wolf. This work did not find any evidence {(+3
dpm/ml, 99% confidence = +12% of background) for
tritium contamination in the examined palladium but
did find that certain conditions during the analytical
procedure would cause an apparent presence of tri-
tium. Even if tritium were present in the palladium
cathode, it would quickly leave the metal® and appear
in the evolving D, gas (>95%) during electrolysis.?®’
This behavior is in sharp contrast to its delayed
production® and subsequent retention in the electro-
Iyte during most successful cold fusion experiments.

These considerations indicate that the tritium re-
ported to have been made by cold fusion is very un-
likely to have been caused by contamination of the cell
or the palladium. Of course, it is impossible to “prove™
that the observed excess tritium is not caused by con-
tamination, However, when a number of laboratories
make sufficient tritium by a variety of techniques using
a variety of materials with a similar patternof produc-
tion, the argument for contamination as the source of
tritium becomes increasingly difficult to justify.

Tritium can also accumulate withinthe electrolyte
during elecirclysis because the evelving Dy and O;
gases contain approximately one-half as much tritium
as does the electrolyte.® Consequently, the tritium
content of the electrolyte in an open cell will nearly
double after extended electrolysis. Equations describ-
ing this tritium increase have been published (Refs. 3,

"No tritinm was detected in the electrolyie of this cell.

*The loss is a first-order reaction with a hall-life between 12
and 24 h, depending on the charging current and the con-
dition of the paltadium.®

*Woli et at.*"" reported a delay of several weeks before tri-
tium was observed in certain cells.

This ratio apph:s to palladium cathodes in alkaline solu-

tions 2Y- 1A
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145, 149, 235, 238, 248, 326, and 327). Of course,
closed cells containing a gas recombiner will not show
this effect.

Chemiluminescence is caused by the presence of
certain impurities in the scintillator fluid used to detect
tritium. Some scintillator fluids are more sensitive to
this effect than others. Because the effect generally de-
creases with time after the sample is mixed with the
fluid, the effect can be separated from the true pres-
ence of tritium. Nevertheless, this is an area where care
needs to be taken. However, this effect cannot be used
to dismiss all claims for tritium production because
most workers take the effect into account, and tritium
has been detected using other techniques not subject to
this problem. Further discussion about tritium mea-
surement can be found in Ref. 328.

IEC. Neutron Production

Of the various aspects of the cold fusion effect, the
production of neutrons has been studied the most thor-
oughly (see Table ii1}. Neutrons have been produced
after using at least eight different techniques. These in-
clude

I. thermal cycling of titanium, palladium, and
YBa;Cu;,O-; in r}g

2. pulsed €lecirolysis

3. wet (D,0) electrolytic cells containing palla-
dium ‘or titanium

4. dry (SI0, or Al,0;) electrolytic cells containing
palladium

Si.on“bombardment over a range of energies
(50 eV to 60 keV)

6. sudden release of deuterium from palladium
7. chemical reactions in DO (Ref. 329)

8. physical breakup of deuterided YBa,Cu;0,
(Ref, 267), LiD, and titanium with deuterium-
containing substances {see Tsarev®).

Neutrons have been detected using at least seven
techniques:

1. *He detector

BF; detector
. detection of (n,v) reactions in water

. SLi glass combined with a scintillator
. photon recoil scintillation spectrometer

(= R I

. fission track detector using film containing
uranium

7. neutren activation of silver.

Each of these production and detection techniques
has been successful in demonstrating the presence of
neutrons on some occasion. When the energy of the
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. emitted neutrons is measured, values near 2.45 MeV

Refs. 2, 252, 257, 258, and 267) as well as peaks near

and 6 MeV (Ref. 258) are found. Neither neutron

emission nor tritium was detected when Pd-D and Ti-D

were bombarded with muons, '#5:198.202 pMogt ?osuw:
results are not consistent with radon decay.'?

Errors in neutron measurement involve the detec-
tion of extra neutrons caused by cosmic-ray showers
and electrical noise in the detector circuits. Most peo-
ple who have studied the cold fusion effect are aware
of both problems. However, when the counting rate is
low, it is hard to be sure that neither of these problems
is occurring’7® unless extra precautions are taken, in-
cluding

1. keep the mass low around the detector to avoid
cosmic-ray spallation events
2. compare the results to an identical but inert cell,

measure the background while the cold fusion
cell is being studied

use a cosmic-ray-sensitive veto counter
make the measurements underground
use multiple counters

use anticoincidence noise rejection

use a sensitive detector (> 10%) and determine
the sensitivity using a standard source.

LS}
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number of studies have now given positive results

“uaring which all of these precautions were employed.

High count rates and especially a count rate that is cor-
related with another measurement are easier 10 believe
than a single, low-level experience. Such comlauons
have been observed.

Two regimes of neutron production.are observed:
{a) average rates <1 n/s over a relatively long time with
burst behavior and (b) rates near }0%n/s for a short
time. The large difference in these rates suggests either
two separate nuclear reactions.or:an occasional high
concentration of the special condition. A very high
D/Pd ratio. by itself, does not seem to be sufficient to
-cause neutron production. Low-level neutron emission
from thermal cycled titanium in pressurized D, has
been duplicated by at least five independent, carefully
done studies. Numerous studies showing how neutron
emission is coupled to various parameters are discussed
in detail as follows:

1. Jones et al.? (Brigham Young University) pro-
duced low-level neutron emission at 2.5 MeV by elec-
trolyzing palladium in an electrolyte containing a
complex mixture of metal salts. Bertin et al.?*’ (Uni-
versity of Bologna, ltaly) used titanium as the cathode
instead of palladium and obtained essentially the same
result.

2. De Ninno et al.?** (Frascati Research Centre,
2uaiy) cooled titanium chips in high-pressure D, to lig-
DEC. 1991

FUSION TECHNOLOGY YOL. 20

Storms REVIEW OF COLD FUSION EXPERIMENTS

uid nitrogen temperature. Neutron bursts were observed
when the assembly was warmed 10 room temperature.

This i is the first report of this phenomenon. Menlove
et al.”® (LANL) repeated the procedure and observed
that bursts of neutrons had a high probability of emis-

sion (3 to 120) near —30°C. No effect was found when
normal hydrogen or palladium was used in place of ti-
tanium. This effect was also seen by lzumida et al.?™
(Hitachi, Japan), who found a >3¢ increase in count
rate between —53 and 0°C. lyengar et al.** (BARC,
India) also observed neutron emission (up to 200 n/s)
when titanium was held in D; (10 atm) at 77K and
warmed during evacuation. Jorne''? (University of
Rochester) placed palladium in D, gas at 90 atm and
—80°C. When warmed slowly, neutron and gamma-
ray bursts occurred as the temperature changed be-
tween =500 and 600 K. No ¢ffect has been found in
any of these studles when.normal hydrogen was used.

Jianyu et al.?®? (China Institute of Atomic Energy,
People’s Republic of (China) thermal cycled titanium
and pailadium in pressurized deuterium gas using an
underground laberatory. Seven out of 10 assemblies
gave burstsof neutrons (3 to 75 times background) be-
tween —100°C and room temperature using titanium,
bui not when palladium was used.

3. Sona et al.2*® (CISE SpA, Italy) charged a pal-
ladium sheet from one side using a palladium anode
in.an electrolytic cell. The neutron signal started in-
creasing when the current was started, and this steady
increase lasted for 400 min and reached 4 times back-
ground. Over the next 400 min, the signal dropped and
reached background where it remained for 41 h after
the current had been stopped.

4. Granada et al.2% (Centro Atomico Bariloche,
Argentina) subjected an electrolytic cell with a pal-
ladiumn cathode to alternating current on-current off
conditions (=2-min cycle). Neutron production was
highest at about the center of the current-on time and
near the center of the current-off part of the cycle.
chcat:d cycles reduced the effect. Neutron produc-
tion was ~0.3 n/s, Takahashi et al.>*® (Osaka Univer-
sity, Japan) also produced neutrons from palladium
(0.017 n/s, 1.4 times background) using the pulsed-
current technique (19-min cycle). They found the besl
LiOD concentration to be 0.6 M. Perfetti et al.?
(Frascati Research Centre, Italy) found neutron emis.
sion from both palladium and titanium cathodes when
a 1-h-on/1-h-off cycle was used. Mathews et al.?”
{Indira Gandhi Centre, India) found a current increase
to cause increased neutron production in a cell contain-
ing a titanium cathode with palladium and nickel salts
in a DyO electrolyte. Arata and Zhang®® (Kinki Univer-
sity and Osaka University, Japan) were able to produce
bursts at average rates exceeding 10® n/s by cycling
the current off and on. In this case, the cathode con-
sisted of a 2-cm-diam palladium rod attached to a
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TABLE il

Summary of Neutron Measurements

Efficiency" Background"”
Relerence Metal’ Method® Detector® (e} {count/s) Excess'
Negative Results
Aberdam et al.'"™ Palladium, titanium | Electro SLi scintillator 2.3 2x 10
Titanium 60 atm i)
TiyNi, O 60 atm 0
Abriola et al.' Palladium Electro Germanium, BF, ? ? <13
Albagli et al,'*? Palladium Electro BEF,, Nal 0.02 10 0.03 0.7 0
Alber ct al.'™ Palladium Electro NE-213, BF, F¥ 0.02 0
Aleksan et al.'™? Palladium, titanium | Eleciro *Li scintillator 12:8 7x10* <0.014
Baurichter et al.'* Palladium Electro Germanium, scintillator ? <20
Barwick et al, '™ Palladium, titanium |15 atm CR-19 Not applicable | Not applicable 0
Behrisch et al. ' Titanium Implantation Surface barrier 0
Besenbacher et al.'™ Palladium, titanium | Bombardment | Scintillator 0
Blagus ct al, Palladium Eleciro SLi scintillator 0.5 ? <0.2
Biencoe et al, ™™ Paliadium <38 atm BF, 6 0.16 0
Titanium <38 alm BF, 0.148 0.1647
Broer et al,'™ Palladium Electro Nal 1.5 1 0
Brudanin et al.?" Palladium, titanium | Electro, gas BE,, germanium 0.3 10-%-* 0
Brudanin et al.*"” Palladium Electro CR19, silicon 0
Bruschi et al.*" ‘Titanium <1 atm NE-213 t.3 ? 0
Butler e1 al.'* Palladium, titanium | Electro *He 9.2 0.0028 0
? Gas e 9.210 15 (1]
Campbell and Perkins™ | TiD Infrared heal NE-213 ? ? 0
Davies et al.'™ Palladium, titanium | Muon NE-213 0
Deakin et al.'™ Palladium Electro X ray 0.0039 0.0003 0
Dignan e al.'™ Pd-Ir Implanfation Nal 0.0004 0
Ehrlich et al.'® Palladium Electro Boron proportional 2.6 0.016 0
& counter
Faller et al.'** Palladium Electro Germanium 40 {gamma only) 0
Gottesleld et af.'™ Palladium “Electro *He, NE-213 16 0.005 0
Tilanium 53 atm 0
Guilinger et gl.'? Palladium, titanium.. Electro He lAtod 0.0017 0
tritide
Hajdas et al,'™ Palladium Electro NE-213, BF,, 0.006 0.0001 0
LaNi, 12 atm Nal, NE-102 0
Henderson et al.'™ Palladium, titanium | Electro NE-213, Nal " 0.1 to 0.7 0
Hill et al, '™ Palladium Electro Germanium, BF, 0.35 0.0l 0
Titanium S0 atm 0.28 0.01 0
1€ et al.'® Palladium Electro He, CaF, 0.14 ? 0
CR39, germanium
Kamm et al.?® Titanium 12 to 62 atm Boron proportional 0.123 0.029 0

counter
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See footnotes at the end of the table.

(2.2.5 MeV)

(Continued)

Kashy et al."”’ Palladium, titanitm | Electro NE-213 (2.5 MeV) 1 ? 0
Kocsis et al.2" Palladium, titanitm | Electro *He 6.3 0.002 0
Kuzmann et al, 2™ Fe-Zr Electro BF,, NE-213 ? ? 0
Lewis et al.'* Palladium Electro YHe, germanium 14 10 20 0.2 0
McCracken et al.'¥ Palladium Electro ‘He, BF,, Nal 1.6 0.0083 0

Titanium 40 atm 0.0083 0
Myers et al.'* Palladium, titanium, | Implantation Particle detector 0

' zirconium
Porter et al.'* Palladium Electro Germanium, *He, 1.3 0.058 0
NE-213

Rehm et al.'* Palladium Electro Particle 28 0.001 0
Salamon et al.'* Palladium Electro 0
Schirber ct al,'** Palladium, titanium | <2.4 kbar ‘He =9.2 0.0028 0

TioaPdo. 50 atm 0.0028 0

Zirconium, vanadium | 50 atm 0.0028 0
Schrieder et al.'*? Palladium Electro Particle detector 0
Silvera and Moshary'”" | Palladium 105 kbar BF, 0.09 0.0006 0
Southon et al.'™ Titanium tritide Electro NE-213 (14 MeV) 2.5 0.0006 0
Vielstich et al.?™ Palladium Electro NE-213 (2.5 MeV) 43 0.0012 0
Werle et al.'" Titanium 50 atm *He 10 0.8 0
Ziegler et al.'®? Palladium Electro Particle detector =100 5x10°* 0

Positive Results

Bertin et al.2*’ Titanium Electro NE-213(2.5 MeV) 4 0.055 0.3 times background
Celani et al.?*$ Palladium Electro YHe, Nal 1 4 to 16 times background
Claytor et al.2* Palladium Electrodischarge | 'He 1.3 0.2 " |3t08e
De Ninno et al. 2 Titanium 50 atm BF; 0.005 0.00064 35 times background
Fleischmann and Pons' | Palladium Electro BF, 0.024 ? 3 times background
Govorov et al.?™ Pd-Sm 1 atm ‘He 10.5 7 1.9 times background

Pd-Ru
Gozzi et al.2"? Palladium Electro Nal(y) 0.00S 0.0008 180 times background
Granada et al.?*? Palladium Electro ‘He 17.5 0.001 60
Gu et al 2% Palladium Bombardment | BF, i 0.033 10 times background
Harb et al.?” Palladium Electro SLi scintillator 0.53 0.002 2 times background
lyengar et al.?* Palladium, titanium | Electro, gas BF,, *He Variety

discharge
lzumida et al.?™ Titanium 20 to SO atm ‘He 0.5 1.7 x 102 >30
BF, 0.02 2.8 x 107 >30

Jianyu et al,?*? Titanium Gas ‘He 20 0.005 <75 times background
Jorne?** Palladium 60 atm NE-213 1 0.03 2 times background
Jones et al.?®’ Palladium Electro SLi scintillator 0.001 3.5 times background
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TABLE 111 {(Continued)

Efficiency? Background®
Reflerence M -tai* Method® Detector® (%) {counl/s) Excess'
Positive Results (Continued)

Karabut et al. 2 Palladium Discharge ‘He 5 0.1 10 0.0 10® times background
Lewis ct al.*¢ Palladium Electro *He 8 0.2 2 to 10 times background
Liet at.?"’ Palladium 9 atm CR-37, CaF; Mot applicable | Not applicable | Tracks
Lin and Liu®™ Palladium Elcctro ‘He, BF,, germanium 7 =30 times background
Lipson et al.*™® Titanium 2,0 (mill) ? 0.05 6 times background
Menlove et al.2* Titanium 1 to 40 atm ‘He 2] to 44 0.2t00.03 | 3to9e

Palladium, titanium, { Electro Jo

vanadium

Miljanié et al 2® Palladium Electro NE-213, Lil 0.04 0.0077 3 times b&cltground

Titanium 25 atm BF, 001 0.00055 3 times background
Perfetti et al 2" Palladium, titanium | Electro "He 1 0.03 4 times background
Prelas et al.*® Palladium Bombardment | BF,, scintillator 2 10 4 times background
Rout et al 2 Titanium Discharge Silver activalion Not applicable | 10* to 10°
Sanchez et al.>* Titanium Eleciro BF,, Nal ? 0.00056 =2 x 10*
Sato et al.2® Palladium Electro ‘He 1 0.025 3 times background
Scott et al.2" Palladium Electro NE-213, Nal 0.146 0.0009 3 times background
Seeliger et al. ™" Palladium Electro NE-213, 2.5 Me¥ 5 times background
Sinha et al.®" Palladium, tilanium | Electro 'He, Nal ? 0.003 4 10 6 times background
Sons et al,** Palladium Electro ‘He, BF, 0.02 0.0013 <3.3 times background
Shani el al.™"? Palladium 1 kg/em? NE-21)
Takahashi et al,™" Palladium Electro *He, NE-21)3 0.17 0.019 =70 times background

Pd-Ag Electro ‘He,"NE-213 0.04 1.4 times background
Woll et al.?? Titanium 67 alm NE-213 (2.5 MeY) 0

Palladium, titanivm | Electro 5 0.013 1.8 times background
Yagi et al.® Titanium Gas NE-213 0.13 0.003 Jo

Si0, Gas NE-213 0.13 0.003 3o )
Yamaguchi and Nishioka®* | Palladium Gas BE, =10* times background

*The elements, alloys, or compounds are listed.
¥Material studied in an aqueous electrolysis cell is indicated by “Eleciro” and a dry electrolytic cell by “clectrodischarge™; gas loading is generally designated by

the pressure of the [y gas; and “discharge” and “bombardment” designate the use of high-voltage discharge in low-pressure D; and bombardment by high-energy
ions, respectively. When in D; gas, the material was generally cycled with respect to pressure and/or temperature.

“Frequently, variations in the listed detectors were used. In addition to neutron detection, many workers made provisions to find gamma rays by using the listed

detector. The *He and BF, detectors are sensitive only to near-thermal neutrons while the various scintillators such as NE-213 and ®Li combined with NE-213
can be used to determine the energy of both neutrons and gamma rays within a wide energy range. Pulse-height measurement is used Lo distinguish between neutron
and gamma emission. Delectors made from germanium or Nal are sensitive 1o gamma and X rays. CR39 is a track detector that is sensitive Lo high-energy par-
ticles. Frequently, two detectors are used to eliminate the possibility of spurious counts in one detector being interpreted incorrectly.

9The stated value for neutrons per count, ex

giving multiple values for the efficiency. The smaller the value, the more likely small emission rates would be missed.

pressed as percent, is listed. The value is only for the neutron detector, Occasionally, several configurations were studied,

*The background is given as counts per second only for neutron detection. In some cases, a variety of values were observed depending on the configuration. This value

as well as the listed efficiency can only be used as a rough guide to the sensitivity of the detection system, The original paper needs to be consulted for more detail.

the particular experiment.

ety o

"Excess neutron detection rate is expressed as a multiple of background or sigma above background. Generally, a range of values was reported, depending on
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gold-plated bar of titanium.” On the other hand, nei-
ther Blagus et al.?®' (Ruder Boskovic Institute, Yugo-
slavia), using much shorter %cla (2 Hz, 2.2 mHz, and
0.56 mH2), nor Aicllo et al.? (Universita di Catania,
Italy), using Joading and unloading in D, gas, pro-
duced neutrons.

5. Iyengar et al.?** (BARC, India) reported a
large variety of observations during which neutrons
were detected from palladium, Pd-Ag, titanium, and
Ni-Ti electrodes using LiOD or NaOD in the electro-
lyte. Steady production as well as large bursts were
measured. Neutron production was correlated with
gamma-ray and tritium production. Pulsing the current
between 1 and 2 A during pant of a cell history seemed
to encourage production of nuclear products.

6. Gozzi et al.2'® (University of Rome, Italy) cor-
related a sudden increase in cathode (sintered palla-
dium powder) temperature (>120°C) with a burst of
neutrons (7.2 x 10%). In this case, it is not known
whether the heat rise caused conditions that produce
neutrons or, on the other hand, a nuclear event pro-
duced neutrons and caused a temperature rise.

7, Yamaguchi and Nishioka?** (NTT Basic Re-
search Laboratory, Japan) coated a sheet of palladium
{1 mm thick) on one side with Mn-O and on the other
with gold. After being held for a day in 0.5 atm D; at
room temperature, the sample was placed in vacuum.
Within =3 h, an explosive release of deuterium oc-
curred that was associated with a burst of neutrons (1
to 2 x 10®* n/s). Sudden heating caused alloying be-

tween the gold and palladium. Repeated cycles.using.

the same sample produced similar neutronbursts but
after a shorter time in vacuum. Neutron production
and heat were not observed while using normal hydro-
gen. This heat cannot be caused simply by loss of the
small amount of contained D; gas because this reac-
tion is endothermic,

8. Bém et al.*® (Institure’of Nuclear Physics,
Czechoslovakia) foundithat a thin layer of titanium
(1.4 10 1.7 mg/cm? on molybdenum) that had been re-
acted with tritium showed low-level neutron produc-
tion at 14 MeV when it was used as a cathode in an
electrolytic cell. On the other hand, Guilinger et al.'*
[Sandia National Laboratories (SNL)] failed to find ev-
idence of fusion using a thin film of titanium tritide on
copper in an electrolytic cell, and Southon et al.'®™
{McMaster University, Canada) detected no neutrons
after a larger piece of titanium had been heated in T,
gas and electrolyzed. However, there were other ma-
jor differences between these studies besides the thick-
ness of titanium that could account for the different
results.

"It is not clear which metal, the palladium or the titanium,
caused the peutron burst.
DEC. 1991
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9. Sdnchez et al.?* (Universidad Autonoma
Cantoblanco, Spain) electrolyzed titanium in a cell
containing LiySOy in D;0. Bursts of neutrons (up to
4 x 10* times background) were correlated with changes
in cell current, gamma-ray detection (2 to 2.3 MeV),
and tritium production. The neutron rate dropped in
a linear manner aflter the cell current was turned off.

10. Lipson et al.?™® (Institute of Physical Chemis-
try, USSR) found that ball milling titanium with D,O
or deuterated polypropylene caused neutron emission
(0.3 to 0.4 count/s) during the process, for a short time
(8 to 10 min) afterward, and when the material was
cooled in liguid nitrogen. Repeated cycles caused the
effect to disappear.

11. Silvera and Moshary'”’ (Harvard University)
reported an important negative study done at very
high pressures (105 kbar) using thin palladium (97 um
thick x 208-um diameter)in D; gas. A D/Pd ratio of
1.34 + 0.1 was claimed.This is much higher than any
other reported value, However, the palladium had
been pressure bonded to rhenium, an operation that
would have severely disrupted the periodic array of
atoms within the lattice. Detection sensitivity was not
sufficient or stable enough to be able to conclude that
energy was being produced although there was a slight
indication of excess heat (<2.3 mW). No neutrons were
observed above the 1.86 2 0.3 count/h background,
and no effort was made to detect tritium. Fracto-
fusion’® is not possible under these conditions, although
heat.and/or tritium production might have been pos-
sible but their production was inconclusive.

12. Shani et al.?>™ (Ben Gurion University and He-
brew University, Israel) made studies of gas-loaded
palladium and high-pressure D, that suggest that the
emission of 2.5-MeV neutrons is enhanced by an exter-
nal source of neutrons.

HI.D Gammma-Ray and Other Emissions

Many workers have examined cells with gamma-
ray detectors. However, only a few have detected gamma
rays, and this was only while some other aspect of the
cold fusion effect was occurring. Because normal watet
is usually present, some, if not &ll, of the gamma rays
may result from neutron/proton interaction to give a
2.2-MeV signal. A calculated, idealized gamma spec-
trum produced by the 2.45-MeV neutron energy asso-
ciated with D-D fusion has been published.?

1. Scott et al.?"” (ORNL) measured gamma rays
while neutrons were being emitted and heat was being
produced. Counts were seen between 2.61 and 3.14 MeV
with no increase outside this range down to 2.12 MeV

*Fractofusion is fusion that is proposed to occur when
cracks form in the metal hydride.
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or above 5.2 MeV. Correlation between gamma-ray
and neutron emission also has been reported by Celani
et al. 2% (Frascati Research Centre, ltaly) for gamma-
ray energy between 100 and 500 keV, and >800 keV;
Jorne®™ (University of Rochester) for gamma-ray en-
ergies >360 keV; and Sanchez et al.™® (Universidad
Autonoma Cantoblanco, Spain) for energies between
2 and 2.3 MeV. lyengar et al.?** (BARC, India) mea-
sured correlated neutron and gamma-ray emission
(1.186 and >3 MeV) in a variety of cells. Bush et al. 22
{University of Texas and Naval Weapons Center) de-
tected clectromagnetic radiation while heat was being
produced using X-ray film.

2. Matsumoto®®® (Hokkaido University, Japan)
saw tracks in nuclear-sensitive film located on the out-
side of a cell containing a palladium cathode and an
electrolyte of 3% NaCl in D,O. The shape of the tracks
was used to argue for a new particle called an “iton.”

3. Jones et al.**? (Brigham Young University) de-
tected charged-particle emission from deuterivm-
loaded palladium foils that showed clear energy peaks.
Because the inferred energy depends on an uncertain
knowledge of the type of particle, the absolute energy
is unknown.

1IL.E. Muclear Products from Bombardment
er implantation

Nuclear products have been produced by bom-
barding palladium or titanium with deuterium. Energy
has been added to the atoms by using high voltage dis-
charge, ion acceleration, or acceleration of D,0 or B,
¢lusters. These techniques add energy to the degterium
atoms before they contact atoms residing in the metal
lattice, resulting in what is called “lukewarm fusion™
by some workers. Although some fusion isiexpected to
be produced by such high energies, a large quantity of
products, a low n/*H ratio, and systained emission
after bombardment has ceased have been‘observed and
are not expected. On the other hand; some experiments
did nnt produce unexpected results.

IILE.l. High-Voliage Discharge

Karabut et al.2* (Scientific Industrial Association,
USSR) produced heat and neutrons using discharge in
D, gas with a palladium cathode. The purity of the
surface was found to be important. A similar study by
Besenbacher et al.'® (University of Aarhus, Denmark),
during which the palladium was covered by 50 A of
copper, failed to produce neutrons. Palladium, after
being silver-soldered in air 10 copper, also failed to
produce results in a discharge cell [Ruzic et al,
(University of Illinois)]. Prelas et al.?** (University of
Missouri) formed a microwave plasma in D; (0.5 to
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10 €V} that was caused Lo impact on palladium metal.
Evidence of low-level neutron and gamma-ray emission
(2 to 10 times background) was obtained while the
plasma was operating. A gamma-ray peak centering on
8.1 MeV was observed during one experiment afiler a
lengthy discharzgg.

Rout et al.<"* (BARC, India) subjected titanium
to plasma discharge of D, in a Mather plasma focus
device® that produced ion energies in the 10- 10 100-
keVrange. This technigue produced significant amounts
of tritium (up to 392 uCi) and a very low a/*H ratio
(<107%).

HI.E.2. lon Bombardmenf

Chambers et al.®* (Naval Research Laboratory),
after several previously reported negative attempts, de-
tected the emission of particles that were consistent
with the presence of high-energy tritons (=5 MeV) after
bombarding titanium with 300-10.1000<V deuterons.
The magnitude of the emission-and.its continuation for
up to 6 min after the beam had been turned off are not
consistent with expectation, Behrisch et al.'"” (Max-
Planck-Institut fiic Plasmaphysik, Federal Republic of
Germany) found that bombardment of titanium by 4.5-
keV D7 failed to.produce detected reaction products.

Cecil et al.®® (Colorado School of Mines) bom-
barded thin films of palladium (1 um) deposited onto
molybdenum (3 pm) using 95-keV D*. Evidence of
emitted 3-MeV photons and 1-MeV tritons was ob-
taified during the bombardment. After the bombard-
ment. wasStopped, when the foil had been sufficiently
implanted with deuterium, a current was passed
thitough the foil. Particle emission, assumed to be pro-
tons, was detected near 3 and 5§ MeV. Later studies***
using titanium implanted with deuterium followed by
several thermal cycles produced large bursts of activ-
ity that were inferred to be 10-MeV tritons or *He.
The presence of any emission during such a treatment,
but especially its energy, is unexpected. Gu et al.?%
(Mississippi State University) observed neutron produc-
tion (9 times background) while bombarding palladium
with 1-ke¥ D*. Neutron Tproduction was also ob-
served by Durocher et al.'®” (University of Manitoba,
Canada) using 60-keV D*. However, in the latter
case, the flux was claimed to be consistent with known
fusion theory. Further studies reported by McKee
et al.*** (University of Manitoba, Canada) showed
neutron emission from palladium and titanium targets
when loaded with deuterium using 60-keV D* and 30-
keV DF. Myers et al.’® (SNL) detected nearly equal
proton and triton emission while bombarding palla-
dium, zirconium, and titanium with 10-keV D™ but
found no emission after the beam was turmed off. Dig-
nan et al.'” (San Francisco State University) bom-
barded a thin film of palladium (=2000 A) with 1-keV
neutral deuterium and D; at 77K and found no evi-
dence of emitted neutrons or 23.8-MeV gamma rays.
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HI.E.3. Cluster Bombardment

Beuhler et al.?*® (Brookhaven National Labora-
tory) bombarded TiD, ZrD, and perdeuteriopolyethy-
lene with clusters of D;O containing 20 to 1500
molecules accelerated to 200 to 325 keV. A maximum
in the resulting photon count rate occurred when the
cluster size was near 200 D,O molecules. The fusion
rate was much larger than expected from conventional
theory, and larger abundances of ’H and 'H were
seen in the spectrum compared 1o *He, thereby giving
an apparent branching ratio' of <0.88. Such studies
fall in the transition region between hot fusion and
cold fusion. This work has been discussed in detail by
Rabinowitz e1 al. in a series of papers,?*

Fallavier et al.?® (Institut de Physique Nucléaire
de Lyon, France) used clusters of {rozen deuterium
ions in the size range between (200 D)* and (300 D)*.
Bombardment of TiD and polyethylene targets using
an energy of 100 to 150 keV produced no evidence of
fusion.

V. DISCUSSION

During the last 2 years, all of the observations
made by the original discoverers of the cold fusion ef-
fect have been confirmed by numerous observations
throughout the world. In addition, many new condi-
tions have been discovered that cause the effect to og-
cur. In spnc of this effort, many people find a major
problem in accepting the cold fusion effect because
there is 2 lack of expected nuclear signatures, the mag-
nitude of the effect is much larger than cxpcctcd based
on current theory, and there is still difficulty in repli-
cation. As a result, various arguments are proposed to
attribute the heat to chemical processes, the tritium is
explained as contamination or expérimental error, and
the neutrons are assumed to be caused by cosmic rays
or instrument error. These explanations had reasonable
basis during the early history of the field. Now, the va-
riety of techniques and accuracy of the work make this
approach much less tenable.

When d-d fusion occurs, the reaction products can
be tritons (*H), protons (hydrogen), helium (*He),
and necutrons. Based on considerable experience with
“hot™ fusion, these reaction products should be pro-
duced in negligible quantity, or at least in nearly equal
amounts, and be accompanied by X radiation. To the
extent that neutrons form, gamma radiation (2.22 MeV)
should also be seen from r-p interaction with the sur-
rounding water bath. The absence of significant neu-
trons as well as the absence of any expected nuclear
product sufficient to cause the observed heat has added

"This value is an upper limit because of an uncertain base-
line for the *He peak caused by the residual X-ray back-

ground.
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to the skepticism. In addition, the apparcnl absence of
14-MeV neutrons resulting from r-d (*H-?H) fusion is
a concern to some. Because of these apparent conun-
drums, the field is still handicapped by considerable
doubt and limited support in many countries.

Neutrons are now known to be produced as bursts
{=10° to 10” n/s) as well as at a steady but lower rate
{<1 n/s). When measured, the expected energy for d-d
fusion of 2.45 MeV is found along with neutrons near
3 and 7 MeV. Neutrons in unexpectedly large quantity
have been found to issue from palladium, titanium, or
several alloys after being loaded with deuterium by gas
reaction, electrolysis, or ion bombardment. Nonequi-
librium conditions, such as produced by temperature
changes, increase the probability of production although
an overt creation of nonequilibrium is not always a re-
quirement. Physical commutation (ball milling) of tita-
nium in a deuterium-containing media and chemical
reactions involving deutgrium-containing compounds
also can result in peutrons. In some cases, neutrons
seem to result from fracturing (fractofus:on) of the
material lattice? Although titanium is known to t:aslly
fracture when it hydrides, this effect is less obvious in
palladium. Nevertheless, f' issures are produced in palla-
dium during electrolysis,*****" and each time it is cycled
through the «-8 transition. m

Values for the n/*H ratio fall at the present time,
between d x 10~ and 10~° using electrolytic cold fu-
sion cells. Using conventional techniques, the expected
branchmg ratio for d-d fusion is near unity for impact
energies at least as low as 3 keV (Refs. 338, 339, and
340) and for muon fusion at even lower energy. 41,342
lon impact studies by Beuhler et al.?™ near 100 eV
indicate a slightly less than unity branching ratio. A va-
riety of approaches have been used to explain this ap-
parent conflict. Kim®* argues that the muon fusion
data are not applicable and suggests either that the
branching ratio is nonlinear to give smaller n/°H val-
ues at lower energy or there is some resonance en-
hancement for tritium production in the low-energy
region. Resonance between deuterium atoms has also
been pro osed by Zakowicz and Rafelski.® Mayer
and Reitz'™ argue that a variety of resonance reactions
are possible between deuterium and various impurity
metals, and these reactions can result in preferential tri-
tium production. On the other hand, Chatterjee'™
suggests that the branching ratio is very sensitive at low
energies to the energy available in the final nuclear
products after energy is drained off into the lattice elec-
trons. This idea is extended by Hora et al.% using a
proposed electron surface layer as the medium for
screening and energy extraction. Collins et al.'"? sug-
gest that a tunneling process in the lattice leads to an
excited state of *He that decays primarily by the pro-
ducnon of tritium, a proton, and energetic electrons.
Handel® also suggests a tunneling process that in-
volves neutron transfer. If a source of virtual neu-
trons were available in the system or real neutrons were
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supplied from the outside, Kim'%® suggests that the n +
®Li = *He + T reaction might be the source of both
tritium and helium without the production of neutrons.
In a more novel model, Hagelstein'® proposes that a
virtual, coherent interaction between a deuteron and
a proton occurs and that this not only makes tritium
but also deposits the resulting energy into the lattice,
thereby solving two problems. Finally, polarization of
the two deuterium nucleons by the Oppenheimer-
Phillips*>¥ process is proposed by several authors®
to distort the reaction branches toward tritium produc-
tion at very low approach energy. Using a statistical
model, Bush?'® calculates a value of 1.64 x 10~? for
the n/°H ratio. This brief summary does not exhaust
all of the published suggestions but is included to show
that a variety of hypotheses have been proposed to ex-
plain the low n/*H ratio. Of course, there is no uni-
versal agreement as yet. On the other hand, there is
general agreement that the fusion rate is extremely sen-
sitive to the energy of approaching deuterons for the
energies involved in the cold fusion process.® In ad-
dition, the two branches for D-D fusion may have dif-
ferent sensitivities 1o energy in this low-energy region
if deuteron polarization is important. Therefore, when
energy is added to the deuteron, the fusion rate will
increase and the n/’H ratio may change. Proposed
processes that add energy are fractofusion, energy am-
plification at the tips of dendrites on the surface, a
high-energy tail to the Maxwell velocity distribution,*
and phase changes*® that add kinetic energy to
the deuterons. These processes add a relatively small
amount of energy and would be important only if the
fusion process were very sensitive to the deuteron en=
ergy. Much more energy can be added outside the
metal environment by gas discharge or ion bombard-
ment. Whether these processes can add sufficient en-
ergy to explain the observations depends on the chosen
nuclear model. In addition, the n/°H ratio may have
a spectrum of values if the deuterons have a variable
energy or if several different nuclear reactions occur si-
multaneously. A mainly tritiumsreaction is proposed
when the least energy is added and a’‘more neutron-rich
product when the greatest energy is added.

The expected 14-MeVineutrons appear to be ab-
sent. These neutrons would result if fusion produces
high-energy tritons that fuse with environmental deu-
terium. Even if energy measurements are lacking, the
resulting neutrons should, nevertheless, add to the gen-
cral neutron flux. Consequently, the n/*H ratio
should be at least 10~° even if no other neutrons were
‘being made during tritium production. The absence of
this neutron flux suggests that tritons are being made

*Polarization of the deuteron was proposed to explain the
unexpeciedly high transmuration function during nuclear
reactions between deuterium, and sodium, aluminum, sil-
icon, and copper.**
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with insufficient energy to initiate -t fusion. This en-
ergy reduction would result if the nuclear energy were
coupled to the lattice in some way. In one case,?®
14-MeV neutrons were measured after tritium was
placed in a cell in advance of the cold fusion reaction.
This unique positive result demonstrates that when
correct conditions are present to allow fusion to take
place, ¢-f fusion can occur, and the reaction produces
neutrons of the expected energy. This result does not
demonstrate that 14-MeV neutrons will result foliow-
ing d-d fusion.

Other types of radiation are expected and have
been sought. High-energy particles, when passing
through a metal lattice, must produce X rays. How-
ever, these X rays have very low energy and, conse-
quently, are difficult to detect unless special provisions
are made. Exposure of X-ray film located near the
cathode has been reported in a few cases, 282 pyt 2
quantitative study made during X-ray emission has yet
to be reported. However, there have been several un-
successful attempts to detect-X rays.

The initial skeptical reaction was to assume that tri-
tium resulted from contdmination. A great deal of ef-
fort has been devotedto showing that contamination
is not an important factor and how contamination, if
it should eccur, would behave in an electrolytic cell.
The tritium-observed in a cold fusion cell does not act
like tritium that is known 10 be present as contamina-
tion.2¥ Tritium has now been made in electrolytic
cells*having a variety of electrolytes and cathode met-
dls, by gas loading titanium, and by voltage discharge
in.Jow-pressure D), gas. It has been detected using scin-
tillator fluid, proportional counting, X, X-ray emis-
sion, and autoradiography. Amounts up to 380 uCi

‘and >10° times background have been produced on

several occasions. Although it is not possible to prove
that contamination is not present, dismissal of afl
claimed tritium production based on contamination
can no longer be supported by fact. If this assertion is
to be made believable, it needs to be backed up by ev-
idence rather than opinion.

Heat has been produced near 450°C at rates up to
25 W, which is >10 times the cell input energy rate.
Typical cells at room temperature have excess energy
production rates between 7 and 300%. In most cases,
this rate is a factor of >10 above the sensitivity or un-
certainty in the calorimeter measurements. Because of
the care used in the design of more recent studies, dis-
missal of excess heat based on accumulated or absolute
error is no longer tenable. The energy production rate
shows a linear increases with cell current up to =700
mA/cm? where it has a predicted production rate of
2.5 W/em?. An increase in temperature to =450°C re-
sults in a factor of 10 increase. Of course, the total
amount of energy produced by a cell depends on how
long the cell is run after excess ¢nergy production
starts. Some cells stop production before the patience
of the researcher has been exhausted. Other cells are
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reported to have produced a total energy >10 MJ. The
energy production rate and the total energy obtained
from a significant number of cells is far in excess of
that produced by any conceivable chemical reaction.
Indeed, if this huge excess were produced by chemical
reactions, the discovery would be as novel and im-
portant to the field of chemistry as nuclear reactions
would be important 10 uphg’sfﬁ. Recent detection of
“He after two studies**22® of heat production adds
support to the conclusion that excess heat is caused by
a nuclear reaction.

The lack of reproducibility in the cold fusion effect
is tied directly to a difficulty in creating the required
conditions within the lattice or on the surface of the
host metal. Regular success cannot be expected until
many electrodes have been examined in detail to deter-
mine the conditions that both produce and do not pro-
duce the effect. In addition, a detailed understanding
of the chemistry, metallurgy, and solid-state physics of
many metal hydrides, not just palladium, is essential.
Even palladium, which has been studied extensively for
years,™ still reveals new variables that affect its inter-
action with hydrogen.

IV.A. Do Muclear Resctions Take Place on the Surface
- orin tha Bulk?

A first step toward understanding the cold fusion
effect is to determine where nuclear reactions occur. Is
it a bulk or a surface effect? Perhaps a combination
occurs, depending on the particular nuclear reaction
and on the method used to add deuteriums The behav-
ior of tritium can reveal the origin of the tritium-neu-
tron reaction, and the behavior of heliumican be used
to understand the heat-producing reaction:

Electrolyte

Bulk Metal

NN

Fig. 5. Typical recoil paths of tritium from an idealized sur-
face and dendrite.
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IV.A.l. Tritium Production

Tritium that is located within bulk palladium wil
exit an electrolytic cell with the evolving gases. ™ Only
tritium that forms on the surface can enter the electro-
lyte and then only if it is released by nuclear recoil en-
ergy. These conclusions are based on the behavior of
tritium that was placed in a palladium cathode and
then followed as it left an electrolytic cell. Because all
observed tritium has been found in the electrolyte, ex-
cept for one report,? it is reasonable to conclude that
tritium is produced on the surface of the cathode. If
this tritium is on the bulk surface, at least half will re-
coil toward the bulk material and subsequently appear
in the evolving gases. The remainder will ¢nter the elec-
trolyte. This nearly 50/50 distribution between gas and
¢lectrolyte is not observed. Therefore, the tritium does
not appear to form on the'bulk surface. To be consis-
tent with observation, we must conclude that tritium
forms at the tips of dendrites® or promontories lo-
cated above thesurface, as first suggested by Lin
et al.*’? supported by Rabinowitz and Worledge,***
and developed further by Kim.® In this location, the
solid angle toward the metal structure is sufficiently
small so that most of the emitted tritons pass into the
electrolyte rather than into the metal. Figure 5 shows
typical recoil paths from an idealized surface and den-

Arite. Tritium has also been produced when Pd-D was

electrodeposited,®? a process that would be expected
1o produce a rich supply of dendrites.

Tritium production, &s a surface reaction, is not
expected to require a high average D/Pd ratio in the
bulk material. General experience is consistent with
this conclusion. However, a high deuterium-to-metal
ratio is expected to exist in the dendrites where the fu-
sion reaction is proposed to happen. Tritium preduc-
tion at this location is thought to occur because the
deuterium atoms are given some additional energy by
the applied cell voltage.?*>35:348 If tritium actually
forms on the tips of dendrites, then the nuclear reac-
tion does not take place in palladium but in a structure
created by electrodeposited impurities. Unfortunately,
this suggestion adds an overwhelming complexity to
the problem because the surface impurity layer is very
complex. $32.312,349-351 However, it does mean that a
variety of metals may be useful as cathodes for tritiom
production, provided the cotrect impurities are present
in the electrolyte.

To the extent that the nuclear energy is not coupled
1o the metal lattice during tritium production, brems-
strahlung X-radiation and 14-MeV neutrons should be
observed. The apparent absence of 14-MeV neutrons
suggests that tritium is produced with relatively little

*Electrodeposition of impurities is not the only way in
which promontories can form on palladium. Stress relief
during changes in hydrogen content can also cause varia-
tions in surface character.>*
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energy. If tritium forms on dendrite surfaces, methods
that allow energy coupling to the metal lattice become
a challenge to visualize.

When titanium or palladium are subjected to non-
equilibrium conditions, such as temperature cycling
after gas loading, tritium is formed even though no
dendrites are present. Both metals are known to form
cracks during this process. Although titanium and its
alloys are more susceptible to cracking than palladium,
fractofusion?3*308.342.351-33¢ i nroposed to occur in
both cases. During this process, deuterium atoms are
given energy by the charge separation created when a
crack is formed. Because the generated voltage gradi-
ent is high (>10 keV/cm), the fusion rate and the
n/*H ratio would be more like that expected from
high-temperature fusion. In addition, the initial forma-
tion of a crack may force the deuterium atoms very
close together within slip planes, thereby increasing the
probability for fusion®** without additional energy be-
ing required. However, the reaction is very brief, the
crack formation rate is limited, and the total number
of cracks that can form is also limited. Therefore, this
reaction is not expected to produce a significant
amount of nuclear products. The small amount of tri-
tium that is produced is expected 1o remain in the
metal lattice during gas loading or be swept into the
evolving gas during electrolysis. Bursts of neutrons and
tritium would be expected if a large number of cracks
should form at the same time. Because the resulting
n/*H ratio by this process is expected to be larger
than by surface production, the relatively small amount
of tritium would probably be missed by the usual de-
tection methods. Consequently, this reaction would ap-
pear to produce mainly neutrons. However, there is no
reason why this reaction and surface production could
not occur simultaneously in an electrolytic cell, thereby
giving a variable n/*H ratio.

IV.A.2. Heat Production

Helium formation appears to be associated with
heat production. A small fraction of the hecessary he-
lium has been detected within the imetal,*? but much
more has been found in the evolving-gas. %® It is well
known that once helium is captured™ within a palla-
dium lattice, it will not leave®*® except near the meli-
ing peint. Therefore, for helium to be detected in the
gas, it must have been produced sufficiently close to a
surface 5o that recoil energy would allow it to be re-
leased from the lattice.* Nuclear recoil would direct
some of the helium toward the bulk where it would re-

*This includes helium that might be present as a contami-
nate. Therefore, the detecied helium is not expected 10 re-
sult from helium that might have been contained in the
palladium before the experiment staried.

*This recoil enerpy is relatively small if the nuclear energy
is coupled 10 the lattice as is apparently required for this
reaction 10 occur at all,
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main. Consequently, some helium should be found in
the bulk material, as has been the case. This heat-
producing reaction is not expected to occur on the
outer surface where tritium is thought to be produced
because heat and tritium production are not initiated
by the same conditions and seldom occur at the same
time. In addition to the outer surface, there are inter-
nal environments that have contact with the evolving
deuterium gas. Heat production, therefore, is proposed
to occur in contact with the internal fracture system
but near the outer surface where the D/Pd ratio would
be sufficiently large. If this view is correct, thin films
or foils of palladium should work better than bulk ma-
terial because a greater fraction of the palladium would
be involved in heat production and because thin films
have a smaller tendency to relieve stress by crack for-
mation. The presence of fewer cracks is proposed to re-
suli in a higher average D/Pd ratio and a higher fusion
rate. In this case, most of the helium should be found
within the metal film rather than in the gas.

The effect of dilution by normal water addition is
more of a problem to understand. Studies have shown
that heat continues for 20 to 100 h (see Sec. 11.C) af-
ter normal water is added, Replacement of deuterium
by protium in palladium produces some heat but
hardly enough 10 account for the apparent excess. The
deuterium replacement rate can be estimated by
analogy to the tritium replacement rate. The half-life
for tritium replacement by deuterium has been deter-
mined io be in the range of 12 to 24 h, depending on
conditions.?®” Near-surface replacement would be
completed first. Therefore, heat production should
stop immediately. This apparent contradiction between
helitm behavior and water replacement behavior could
be explained by some p-d fusion taking place or by
assuming that isolated regions of high deuterium con-
centration remain in spite of normal hydrogen being
present. :

Heat production has been suggested to involve lith-
ium that is located on the surface. This view was sup-
ported by a study showing that replacement of LiOD
by NaOD caused a loss of excess heat with a somewhat
faster rate than after addition of normal water.?’ In
contrast to this experience, heat production was re-
ported using NaCl in the electrolyte”’ and by a fused
salt cell*?? that does not deposit lithium on the palla-
dium. The fact that tritium can be produced in NaOD
may not be relevant to heat production because the re-
action environments appear to be different. At this
time, lithium does not appear to be involved in the
heat-producing nuclear reaction, although its presemce
does seem to improve the environment for heat pro-
duction.

iV.B. ien Bombardment

The tritium- and neutron-producing branches can
also be enhanced by giving deuterium additional energy
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using an ion beam or by gas discharge with the target
. being the cathode. This method should be much more
neutron rich and fusion efficient than an electrolytic
cell. Experience has shown that the target surface must
be completely free of certain impurities if this tech-
nique is 1o succeed.2* Consequently, the surface en-
vironment is important even when deuterium is given
additional energy. Heat production has been reported
on one occasion usin%zlhc discharge technique, but he-
liuim was not sought.”* Neutron production is said to
have been sufficient to account for the observed heat
if a small branching ratio is assumed. Because tritium
and helium production were not reported, the true re-
lationship between nuclear products and heat is still
unknown in this case.

IV.C. Etfect of Meta! Environment

Because pure palladium was used successfully dur-
ing the early work, it has been given particular atten-
tion. Later studies have shown that fusion can be
obtained using palladium alloys as well as titanium.
However, because fusion is apparently produced by
more than one process, the results have been somewhat
different between various metals. Titanium seems to be
more likely 1o produce neutrons during thermal cycling
than does palladium. On the other hand, palladium
and especially Pd-Ag alloys seem more likely to give
tritium and neutrons in an electrolytic cell. A variety

of alloys, elements, and physical forms have been stud-

ied including palladium (both polycrystalline and sin-
glecrysial), Pd-Li, Pd-C, Pd-S, Pd-B, Pd-Be, Pd-Rh;
and Pd-Rh-Li (Ref. 238); La-Ni (Ref. 172);Fe-Zr (Ref.
208); Ti-Pd, zirconium, and vanadium'®; Pd-Sm and
Pd-Ru (Ref. 280); Ti-Ni-O (Ref. 193); Pd-Ir (Ref. 178);
Pd-Ag (Refs. 235 and 258); SiO; (Ref. 269); and va-
nadium (Ref. 259). Only SiO,, titanium, palladium
(drawn, rolled, hammered, annealed, and electrode-
posited), Pd-Sm, Pd-Ru, and Pd-Ag have given evi-
dence of a fusion reaction. Heat has been reported
using titanium as well as palladium, although palia-
aium appeains (o be the better choice for this aspect of
the effect. The presence of large amounts of most el-
ements that are normally present in palladium as low-
level impurities, excluding silver, do not improve the
reproducibility of tritium production. Therefore, at
least one nuclear reaction involving these elements
seems unlikely.

Rather special and difficult to reproduce condi-
tions are an essential feature of the cold fusion effect.
To the extent that nuclear reactions occur on the sur-
face, the environment will be complex and not involve
the base metal directly. Therefore, those variables that
affect the surface and those impurities that reside on
or are plated onto the surface need increased attention.
On the other hand, heat production seems to be sen-
sitive to the bulk properties of the metal.

Palladium has been found to show several unusual
effects that might be relevant to heat production. In
DEC. 1991

FUSION TECHNOLOGY YOL. 20

Storms REVIEW OF COLD FUSION EXPERIMENTS
passing completely into the §-phase, excess volume is
created.” This process continues without apparent
limit each time the material is cycled between the o-
and 8-phases after being within the S-phase. Measure-
ments of alternating current resistivity and capacitance
of palladium cycled in this manner indicate that rifts
or fractures are formed and these contain a signifi-
cant amount of ionized*” hydrogen under high pres-
sure.*’¥ Detailed visual examination shows fractures
of various sizes and shapes mainly associated with
grain boundaries.?*® These fractures open and close
depending on the charging or discharging conditions.
During electrolytic charging, a flux of deuterium flows
into the surface, through the metal and is exhausted
from the elecirode through that 2gart of the fracture
system connecting 1o the surface. " Thus, even under
steady-state conditions, the metal hydride is not at
equilibrium. Furthermore, the high-pressure, ionized
deuterium gas present in the closed rifts is sensitive to
current flowing throughthe palladium.® This fracture
system offers an additional environment, consistent
with helium4oss experience,®® in which the heat-
producing reaction might occur. This general behavior
suggesis that.attention needs to be paid to the interior
surfages of palladium as well as to its outer surface.

IVD. Proposed Nuclear Reactions

With very few exceptions, all of the effects atirib-
uted to cold fusion require the presence of deuterium.
For a nuclear reaction to occur, either two deuterons
must fuse together or a deuteron must fuse with some
other nuclei such as a proton or a metal. A conclusion
based on d-p fusion is made less likely because the
presence of normal water eventually stops the reaction
without producing an increase when the protium con-
centration in the palladium just begins to increase.*
Interaction with a metal nucleus may be possible but
seems unlikely to be the main reaction because, except
for palladium, other metals are present in very low and
highly variable concentrations. When many of these im-
purities were added in higher concentration, no im-
provement in reproducibility was observed. In addition,

¥). Dienes gives a theoretical analysis of formation condi-
tions for internal fracture *¥

"Matsumoto™® proposes that this fracture system is partly
caused by the fusion reaction, and the fusion reaction
causes the size of the voids to grow. At the present time,
there is no supporting evidence for this viewpoint.

*It is worth noting that the addition of deuterium 10 the
rift and dislocation system is expected 1o be slightly exo-
thermic.?*®

P For helium 1o be found in the evolving gas, it must be
produced on or very near a surface that is in contact with
the evolving gas.

“After D;0O is replaced by H;0, the H/D ratio in the pal-
ladium will slowly rise over several hours with the fastest
change occurring in the near-surface region.
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evidence for helium generation during heat production
is starting to be accumulated. Consequently, &-¢ fusion
remains the simplest explanation consistent with most
experimental data. The observations of different com-
binations of heat, tritium, and neutron production are
proposed to result from a different combination of the
three branches for this fusion reaction. These branches
are
1. D(d,n)’He

2. D(d.p)*H
3. D(d, energy}*He.

This explanation requires that each branch be sensitive
to different conditions within or on the surface of a
metal and that each branch couple most of the result-
ing nuclear energy to the lattice. While there is also
some evidence for other reactions involving neutron
transfer 1o the palladium and/or metallic impurity at-
oms, this does not seem 1o be the main source of heat
or tritium. Nevertheless, these possibilities suggest that
several nuclear reactions might be catalyzed by a metal
lattice under special conditions.

¥. CONCLUSION

It is easy to dismiss one or even a few observations
of unexpected behavior that cannot be reproduced.
This is done routinely by scientists during their work
because most of such observations usually are caused
by unknown errors. However, when many measure-
ments, using a variety of techniques, are found to give
similar results and begin to reveal patterns of behav-
ior, the observations can no longer be ignored. This sit-
uation now exists in the cold fusion field. It is now far
easier and more rational to begin the process of under-
standing cold fusion as a real phenomenon rather than
finding ways to dismiss it. In spite of early difficulties,
useful theoretical models are being constructed, and
the work is gradually becoming reproducible. Unfor-
tunately, the number of important vanables‘is so large,
the necessary diagnostic equipment is s0' expensive, and
the general support is so minimal that & clear and con-
vincing undacisianding will be very slow in coming.

At the present time, heat production equal (o at
least ten times the input energy has been achieved. This
magnification is well above breakeven on a laboratory
scale. The heat effect appears to involve mainly the
near-surface rather than the entire bulk material, and
it has a limited lifetime in present cells. Consequently,
a possibility exists for considerable magnification of
the effect should ways be found to involve a greater
fraction of the metal for a longer time. This potential
provides an important incentive for possible commer-
cial application. The low availability and high cost of
palladium may not be a limitation as first thought,
provided the effect can be made to occur in thin films.
If this phenomenon can be developed to the level of
commercial usefulness, heat could be produced with-
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out the formation of significant undesirable products
now associated with nuclear as well as combustion en-
ergy. Even “hot™ fusion is not as benign nor as far
above breakeven after years of study as is “cold” fu-
sion. In addition, tritium might also be produced un-
der different conditions without the large number of
radioactive products that are a by-product of current
methods. During this time of environmental concern,
these possibilities are extremely important and should
not be ignored.

A large fraction of the limited resource has been
devoted to proving that cold fusion is real in contrast
to understanding how it works. Except during the early
euphoria, support has been minimal in many countries.
As a result, many people have continued to do excel-
lent work in spite of very little support from the scien-
tific institutions or their peers, with a few exceptions.
Although there are still many uncertainties, ! suggest
that the possible applications are so important and the
present evidence for the reality of theeffect is so strong
that a more optimistic attitude.and more support are
warranted.
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COLD FUSION
John O'M. Bockris

Chemistry Department, Texas A&M Universicy
College Station, TX 77843-3255

A meﬁlorandum hasl been written on the present state of cold fusion research
as of October, 1991, by Professor Heinz Gerlscher.

The significance of this memorandum arises from Professor Cerischer's
status.. He is widely ‘reco_gni.zed to be th:e-'leaﬁing -f:hysical electrochemist in

Europe and would vie for the title on a still wider basis. Apart from his long

| term involvement in electrochemistry iae ig well known as & physical chemist ‘of
" the highest standing and was, ‘un.till 1988, the Direct‘:or of the Max Planck
Institute for Physical Ghemi'stry._in Berlin.
- A still further significance 1'1u.y be atteched te Professor Gariscl;ner's
memerandum because he has been, since March 1989, a dedicated oppoﬁent of cold
fusion, taking the posltion (ﬁore proncunced, even, in Germany, France and
England, perhaps, than in the Unit-s'§ .Sttafae;). tl;nt‘ the work of Fleischmann and
Pons ar;d the announcemé.nt of March, 1989, was due to poor measurements.

Indeed, I can witness the fact that until the Como Conference of July 1991,{
Professor Gerischer maintained a negative opinion of the field which he confided
to me at the baginning of the Conference.

'My translation of his memorandum follows.



MEMORANDUM ON THE PRESENT STATE OF KNOWLEDGE ON COLD FUSION

H. GERISCHER, FRITZ HARBER INSTITUTE DER MAX PLANCK,

Gesellschaft, Faraday Weg &-6 D-1000, Berlin 33

Concerning the origin of this memorandum: Between the 30th of June and the
4th of July, there took place in Como, Italy, the Second Annual Conference about
Cold Fusion. This had been organized by Italian groups, principally from the
Universities of Turin and Milan. The j}oint chairmen of the. €onference were
Professor T. Bressani (Turin) and Professor G. Preparata (Milan).

At the end of May 1 was invited to attend this _c.c__mference as a s-kep‘tical
observer and found that I was down on the program -for the last day of the
conference as giving a lecture on the pros and cons of the field. There were
about 60 lecturers at the meeting in groups.from the U.5.A., Italy, Japan, China,
Soviet Union, and various smaller countries which all gave their results, Two
comprehensive reviews had been’already sent to me in manuscript form, - one of
them has already appeared (1) and the other will shortly appear. Omn the basis

of these two reviews I was able to prepare myself somewhat for the conference.

THE INDICATIONS QF DCCURRENCE OF NUCLEAR PROCESSES IN METAL-DEUTERIUM ALLOYS

In spite of my earlier concluslion, - and that of the majority of
scientists, - that the phenomena reported by Fleischmann and Pons in 1989 (3)
depended either on measurement errors or were of chemical origin, there is now
undoubtedly overwhelming indications that nuclear processes take place in the
metal alloys. The early publications were so full of errors in measurement
technique and in the interpretation that the euphoria to which the discovery gave

rise was rapidly replaced by disappointment when it turned out that the
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laboratories with the best equipment could not reproduce the results. Only very
few groups found similar effects, but even these groups could mnot find
reproducibility in their own laboratory. Furthermore the supposition that a
fusion of two deuterium atoms could take place in a solid body such as PdD, or
TiD, was contradictory to all theories <;f nuclear reactions. 1In par-ti.cular the
observed (or maintained) heat effects bore no relationship to the tiny amounts
of nuclear products which had been found by a few authors. The main search here
went towards neutrons and tritium because according to fusiomiof two D' nuclei
in hot plasmas, the following two reactions would occur with about the same
probability.

D* + D* >- n (2.45 MeV) + *He (0.82 MeV)

D* + D* >- H' (3.02 MeV) + 3H (1.01 MeV)

Now, the sensitivity of instruments for detecting neutrons is particularly
good and therefore the majority of the measurements concentrated on experiments
which would give rise to such' detection. This was particularly true in
exi)eriments which were carried out at low temperatures from palladium which had
been previously loaded with deuterium. In the electrochemical locading of
palladium by cathodic. evolution of deuterium either from an alkaline or acid
electrolyte in D;0 (predominantly with t‘..hs electrolyte LiOD) from time to time
o tritium enrichment would be found which was considerably higher than ;:ould
arise from differences expected for separation factors during the discharge of
D0 from an electrolyte containing DTO. The occcasional observation of neutrons
with intensities which were decisively above the background, and with tritium
amounts in the electrolyte which were certainly an indication for the occurrence
for nuclear processes is very significant, but the amounts were so small that the
heat observed could not be explained by their occurrence. Correspondi;lgly, it

has been found that the nesutron production is gporadic and occurs in bursts. The



same occurs for the tritium enrichment and also for the heat production.

The occurrei‘u:e of such happenings could not in any way be foreseen on the
basis of previous knowledge. Correspondingly, the authors of the papers admitted
that the reported positive results were only occasionally obtained, and thaf. many
experiments ran through without any observable nuclear consequences at all, -
facts which lent further doubt as to the reality of the effects,

As far as the interpretation of the nuclear reactions goes it has been
suggested (4,5) that a reacrion occurs which plays no part at all in the hot
plasmas namely:

D+ D > ‘He (0.076 MeV) + v (23.77 MeV) (Equation 3)

The gamma radiation which should occur accerding to this reaction is,
however, not observed. However, very recently there have been reports about the
observation of helium in electrnlytically'evolved deuterium Ifrom a LiOD/D,0
solution in cells with palladium electredes. In these experiments heat
production was also calorimetrically observed. The amount of ‘He was indeed in
the right order of magnitude. @ccording to equation three altﬁough the agreement
was not quantitative. On the other hand, corresponding water blank experiments

using LiOH/H,0 showed neither any heat excesses nor any helium in the evolved

hydrogen gas. .

AN EVALUATION OF THE RESULTS OBSERVED 50 FAR

Although there are many discrepancies in the reports which are at hand, and
although there are many open questions, there now lie before us several
indications that fusion reactions do occur between deuterides in metals. This
gives rise to a mew situation. It is entirely an open question whether such
processes could be used as the source of energy but this, of course, can only be

decided if the processes which have been revealed in the work discussed here are



researched and given a theoretical basis. In any case I consider it absolutely
necessary that these pﬁenomena are systematically researched and the conditions
for their reproducibility cleared up. That a nuclear reaction can be stimulated
by interaction with a solid lattice and made to take another path from that which
it would take in the plasma, is an entirely unexpected discovery with possibly
wide ranging consequences. It demands confirmation and further experimental
evaluation. In the following a number of experimental and theoretical questions

are raised which are at the present time entirely open.
EXPERIMENTAIL PROBLEMS

The overwhelming problem is the lack of reproducibility in the results. .
The anomalous phenomena in palladium and titanium can only be seen after very
long times of leoading, usually after several weeks. In the loading there is a
phase change in which the alpha phase 'is changed to the beta phase and this
- invelves a change in lattice/constants which gives rise to a volume increase of
about 15%. The microcrystail-ine structure of the solid seem;s to play an
important role here. However, the structure of the solid is not yet
characterized. The ladttice structure seems to be an important part of the
conditions necessary for the setting up ‘of the anomalous effects.

In the electrochemical experiments the characteristics of the surface in
the charging of the metal with deuterium plays a great role. These effects in
the electrochemical experiments are greater than those in léading from the gas
phase. The reason for this is probably the increased activity of deuterium atoms
which occur in the first step of loading according to the reaction:

D0 + e > Dy + OH (Equation 4)

The slower the folleowing reactions (5 and €) are, - these lead to molecular

deuterium, - the greater is the activity of the absorbed D atoms on the surface:



Dyg + Dua > - D3 {Equation 5)
Dyg + DO+ e > - D + 0D (Equation 6)

The activity of adsorbed atoms determines the loading of the metal lattice
with D atoms which go from the surface to the interior of the lattice. 1In -this
way one can build up a sﬁper—saturation of the 1atti;.‘.e with D-atoms and this
super saturation increases with the surface activity of the adsorbed D. If one
tried to reach super saturation in the metal by increasing the pressure in the
gas phase, enormous pressure;.s would be necessary.

In the literature is reported that extremely long times of electrolysis are
necessary before phenomena are observed and these can give rise to the deposition
of impurities on the surface of the electrode. /This glves rise. in turn to a
change of the overpotential in the current-potentia} curve (7) and also in the
analysis of the surface composition which will :ce-rtainly take place on long term
electrolysis (8). Such absorbance gan 'give Tise to an Inhibition of the
recombination wvelocity of the atoms to deuterium of the surface atoms to the
molecular product in reactions.5 .a_nd 6. 1In this way the activity of adsorbed
hydrogen can be increased. .On the other hand, if the inhibition affects reaction
4 then the reverse effect occurs. In fact, it is possible to think of an
acceleration of réeactions 5 and 6 by the fmﬁurities. Thus, it has been shown for
palladium cathodes that these contain platinum which obviously arises by the
partial dissolution of the anode. It is known that if oxygen iz evolved at high
rates upon an anode there is certainly the danger of anodic dissolutionm.
Correspondingly it is known that platinum deposition on palladium increases the
recombination and therefore decreases the activity of adsorbed D,

Apart from the observation of neutrons, proof of the presence of the
nuclear products, *H, ®He, and ‘He are difficult to observe because many of the

experiments are carried out in open systems the evolved gases seldom being



collected. The consumed D,0 has to be replaced. In this way one builds up
impurities in the electrolyte in the celi and the products in the gas. phase are
lost. Only very few experiments are carried out in closed systems in which the
D, is converted to D,0 on a catalyst and re-introduced into the electrolyte
(9,10) or alternatively, the D, which is evolved is oxidized back to D,0 (or D*)
(11).

The latter process corresponds to the anodic process in a hydrogen oxygen
fuel cell. In such experiments the reaction products build up.inthe electrolyte
or in the gas volumes which are collected. This has so«far only been used for
tritium analysis.

The calorimetric measurements have been greatli improved. In the. opén
cells there are still difficulties concerning the loss of heat albng with the
evolved gases. Closed cells do not have this difficulty but they are much larger
in volume and are less sensitive to (the;measurement of heat. In general there
exists in all electrochemical cells the problém that the energy input of the cell
is large (large current densities) and must be carefully measured in order to set
up a clear and sure energy balance. The uptake of energy varies with the cell
resistance and the overpotentials of the electrode. The excess energy in most
of the experiments which have been describel so far is considerably less than the
energy which is being used for the electrolysis. A typical excess heat
measurement amounts to 10-20% of the energy put into the electrolysis over
several hours. Av few measurements have given 100% and more.! A few

measurements do give 100% of heat and even more but are perhaps somewhat

doubtful. On the other hand, there were plenty of indications at the conference

INote added by JOMB: At a recent meeting at the Southern California Edison
Company, Robert Bush of Pamona University in California revealed measurements on
very thin films which when calculated to a per cc measurement of heat give about
1 kw per cc.



that some authors were withholding their. results becsuse of patent
considerations.?

The experimental problems in the measurement of gas loading is much less
well known to me and I do not wish to comment upon it. It is noteworthy that

neutron production which exceeds the background intemsity can only be obtained

by warming up these samples which have been charged at very low temperatures.
THEORETICAL PROBLEMS

The most decisive problem is the guestion: How can a sclid.body influence
the course of nuclear processes?® Thus, the point is, ¢ how can the screening
of the repulsive forces between the two atomic nieclei be achieved so that
successful tunne}ling can occur? The second question is, how can the channels
be altered so that they go in the direction.of'tgactiﬁn 3 and thus allow a ratio
of 10%-10° for the predominance of tritium over neutrons (compare the expected
1:1 ratio of nuclear chemistry in hot_plasmas).(2)

A further riddle is the agbsence of hard gamma radi-ation vwhich should occur
corresponding to reaction 3: Hﬁw can this gigantic energy of this reaction be
diffused over the solid bedy without emitting radiation {(although weak x-rays
have been seen on a photographic plate)(6%2). .

There are various attempts at theoretical ‘interpretation (1), and some of
these are really quite far out. It has even been suggested that an unknown

elementary particle is a catalyst In these processes (13). Without sufficient

2Note added by JOMB: In particular Mike McKubre and his group at SRI have
been reporting 250-450% heat for some months. The rumor is that this is an
understatement, EPRI has decided to continue to build a praectical plant for the
production of energy from cold fusion which should be completed by 1997.

3Note added by JOMB: On the other hand, the well accepted Mossbauer effect
surely is already an example of the effect of a lattice upon a nuclear process,
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materlial to overview the theoretical contributions I will net make any further

comments on these theories.

WHAT SHALL BE DONE?

The works which have been so far reported are works which concern
individual questions. Attempts are being made to re-produce experiments and to
modify the technique. A systematic characterization of the electrochemical and
experimental conditions has not yet been carried out. As the/laxgest eff;acts are
being observed under these electrochemical conditions it is necessary to
concentrate upon the electrochemical experiments. |

Fleischmann and Pons reported in the seeting in Como concerning their
experiments with palladium alloys (probably_w‘lth silver) and maintain that they
had been able reproducibly to observe large excess heats. No detalls of the
experimental arrangements were given because of their wish to maintain patent
conditions.*

There is also evidenceithat the composition of the electrolyte plays a
considerable part In the ‘ececurrence of the anomalous effects. It 1s absolutely
essential to research the connection between overpotential, hydrogen content, and
surface charactexistics of palladiu:_:l} or pa:lladium alloys in a systematic way.
*his wouid bLe probably carried out with light hydrogen. Beginning with the
hypothesis that a very high lcading of D in metals 1is necessary for fusion
because in this respect to loading, H and D hardly differ from each other. Ome
could then come back later to the experiments with D,0 and with the knowledge of
what has given rise te the high loading with hydrogen. 1In this respect It is

necessary to have a method which allows a rapid measurement of the amount of

‘The experiments of Fleischmann and Pons are being carried out in Nice with
support of a Japanese group, connected to Tovotes.



hydrogen in the palladium. Here resistance methods are probably the best.
Parallel to the information obtained in these measurements it would be necessary
to build calorimeters which have regquisite controls and work in an enclosed
manner so that heat production and nuclear products can also be observed with a
minimum amount of’amﬁiguity. 'The decisive prooffof the rising of excess heat by
muclear reactions will, of course, be the occurrence of the corresponding amount
of *He. If this can be confirmed, further steps for the optimization of the
energy yleld can be carried out.

These goals require the cooperation of scientists fromftl:ioﬁs fields. Ome
needs electrochemists, metal scientists, particularly thosé ﬁith knowledge of
metal hydrides, engineers for the-building of cells &n#-tﬁ; cémputerization of
data, persons with experlence in calorimetry, mass épectroscogy, and one needs
nuclear physicists for the radiation measureménts. A team of this kind should
be in position to clear up the basic sitﬁatipﬁ fairly quickly. Of course, the
first thing is to confirm the facts<, The fact that, in the Republic of Germany
this work has been inhibited is no'more justified. It could later on be regarded
as a very unfortunate gap in éerman research when compared with the present

activity in other countries and particularly in Japan.

E
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Chamblee, Georgia 30341

Phone: 404-451-9890 Fax: 404-458-2404

Cold Fusion 1992: Basic Facts

Prepared by:

Dr. Eugene F. Mallove, author of Fire from Ice: Searching for the Truth Behind the Cold
Fusion Furor, (John Wiley & Sons, May, 1991).

What happened to cold fusion, the "miracle or mistake," that was“announced by Drs.
Martin Fleischmann and Stanley Pons in March 1989? It would not be surprising if you
thought that cold fusion was "dead," considering how the scientific-establishment, the hot
fusion community, and many in the news media have mistreated:the subject. But cold fusion
is far from dead. It is, indeed, alive not only in dozens of laboratories in the United States,
but in numerous foreign research centers.

Tragically, what is also very much alive - particularly in the United States, in stark
contrast to the Japanese experience - is a scandalous campaign by vested scientific interests
and the intellectually arrogant to attack cold fusion research.

Here are the basic facts about cold fusion as they stand in 1991. If you would like to
read about the evolution of this_scientific controversy and the impending technological
revolution, please consider reading my book, Fire from Ice.

Hot Fusion Versus Cold Fusion

Hot fusionuis.the kind of nuclear reaction that powers the Sun and the stars. At
wmperarures of mifiions of degrees, the nuclei of hydrogen atoms overcome their natural
tendency to repel one another and join or fuse to form helium nuclei. This releases
enormous energy according to Einstein’s famous E=mc? formula. Fusion is the opposite of
fission, which is the release of energy by splitting heavy uranium or plutonium nuclei.

Scientists the world over have spent more than four decades and billions of dollars
to investigate the possibility of mimicking with devices here on Earth the fusion reactions
of the stars. These are complex and large machines that rely on high magnetic fields or
powerful lasers to compress and heat fusion fuel. The controlled hot fusion program has
made enormous strides, but all agree that the earliest possible time when practical hot fusion

=L



devices may be available is about three decades away. Hot fusion is a very tough engineering
problem. If and when its operating reactors are built, they will have many problems, as
numerous hot fusion experts can attest.

Cold fusion is the much disputed phenomenon that is claimed to occur when the
special form of hydrogen - the plentiful hydrogen isotope, deuterium - is made to interact
with metals, such as palladium, titanium, and lithium. Cold fusion, if real - and the evidence
is overwhelmingly on that side, releases enormous quantities of energy, hundreds to
thousands of times what ordinary chemical reactions could possibly yield. Cold fusion, in
contrast to hot fusion, apparently occurs in relatively simple apparatus, albeit not yet without
some difficulties. Cold fusion reactions, whatever their ultimate detailed explanation turns
out to be, are not at all like conventional hot fusion reactions. If they were, cold fusion
experimenters would have been killed by massive flows of radiation - neutrons and gamma
rays. The continuing wonder of cold fusion is that it is apparently a very clean reaction that
gives very little radiation, relatively low levels of radioactive tritium, and produces byproduct
atoms that have been difficult to identify. Several excellent theories can now account for
cold fusion, but it is not certain which of them are correct.

The Cold-Fusion Evidence

The most important evidence for cold fusion is the excess heat energy that comes
from special electrochemical cells - much more heat coming out than electrical energy being
fed in. Competent and careful researcher§ have now confirmed that under the proper
conditions it is possible to obtain anywhere from 10% to 4,000% excess power output.
Sometimes this power comes out in bursts,‘'but it has also appeared continuously in some
experiments for hundreds of hours. Wher this power is added up to give kilowatt-hours, the
inescapable conclusion is that.much more energy is being released than any possible
chemical reaction could yield, In'the early days of the cold fusion story, it was possible to
question whether these expériments were sound. It is now virtually impossible to assail many
of these experiments -.except by ignoring them! This is precisely the tactic that the
opponents of cold fusion have chosen.

And there iSsmore: neutrons, tritium, energetic charged particles, and other ionizing
radiations have been detected in a variety of cold fusion experiments. Moreover, many of
these experiments differ significantly from one another in their approach and conditions. So
there is little chance that the various laboratories are all making the same systematic errors.
These nuclear effects are clearly the hallmark of nuclear processes of heretofore unknown
character. By itself, this nuclear evidence points to an entirely new realm of phenomena of
staggering scientific importance. The excess energy in some of these experiments is virtual
proof that something very extraordinary and of enormous potential technological significance
has been discovered.



Examine the attached table of results. At present there are over 100 laboratories
around the world where positive cold fusion results of one kind or another have been
obtained. This listing, which appeared in my book, Fire from Ice, is already outdated. Last
spring, a conference in the Soviet Union revealed many more positive results, and at the
Second Annual Conference on Cold Fusion held in Como, Italy, last July, much more
positive evidence for cold fusion emerged. In the United States, "bootlegged” work, as well
as some funded research at Federal research centers, has led to positive experimental
results. These are the installations:

® Los Alamos National Laboratory
e Oak Ridge National Laboratory
@ Naval Weapons Center at China Lake
® Naval Research Laboratory
® Naval Ocean Systems Center
Here are three of the most impressive heattesults:

Dr. Michael McKubre’s group at SRI (Stanford Research Institute), Inc has produced
definitive proof of excess heat. In his Electri¢ ' Power Research Institute-funded work, he
achieved reproducible excess power with four different palladium electrodes. His group now
understands the conditions necessary to-produce excess heat at will. Dr. McKubre stated
categorically that the excess energy produced in his group's work cannot be explained by
chemistry.

Dr. McKubre’s work was'interrupted by a tragic, unexplained explosion on January
2, 1992. Dr. Andrew Riley, an electrochemist, died in the blast. Dr. McKubre and Dr. Stuart
Smedley were also hurt.._

The work of Dr. Rabert T. Bush and his colleagues at California Polytechnic Institute
achieved one of the highest recorded levels of power density production for cold fusion. It
occurred in a thin film of palladium that was deposited on a silver electrode: almost three
kilowatts per cubic centimeter came out. This is 30 times the power density of the fuel rods
in a typical contemporary fission nuclear reactor! The cell produced several watts of excess
power for almost two months, non-stop. ‘

The continuing research of Drs. Fleischmann and Pons, who are now working at a
Japanese-funded laboratory in France, is also impressive. At the Como conference last July,
they revealed that with 10 out of 11 electrodes made of silver-palladium alloy, they were able
to bring their electrochemical solution to boiling. In fact, after a gestation period to reach



boiling, they were able to boil away the entire liquid electrolyte in less than an hour in each
positive case.

Balanced Scientific Evaluations and Reference Material

Several excellent scientific reviews of the cold fusion field are highly recommended.
Scientists who want to learn more about the remarkable progress in this field should
examine:

¢ Dr. Edmund Storms (Los Alamos National Laboratory), "Review of Experimental
Observations About the Cold Fusion Effect, " accepted for publication in Fusion
Technology, 1991.

® Dr. M. Srinivasan (Bhabha Atomic Research Centre, Bombay, India), "Nuclear
Fusion in an Atomic Lattice: Update on the Internatiopal Status of Cold Fusion
Research," Current Science, 25 April 1991.

Several other important reference documents exist:

® Investigation of Cold Fusion Phenomena in Deuterated Metals (four volumes), by the
National Cold Fusion Institute (Salt Lake City), June 1991, now available from NTIS.

¢ Steven E. Jones, Franco Scaramtizzi,»and David Worledge (editors), Anomalous
Nuclear Effects in Deuterium/Solid Systems, American Institute of Physics
Conference Proceedings 228,"1991.

The technical journal publishéd by the American Nuclear Society, Fusion Technology,
formerly was exclusively devoted to hot fusion. Since September 1989, under the courageous
editorship of Professor George Miley, this journal has regularly had an extensive section
devoted to cold fusign. Other journals that have continued to carry cold fusion articles have
been The Japanese Journal of Applied Physics and The Journal of Electroanalytical
Chomistry, where the first cold fusion paper appeared. An extremely helpful newsletter on
cold fusion, Fusion Facts, is published by the Fusion Information Center in Salt Lake City.
Regrettably, the journal Science of the American Association for the Advancement of
Science, and Nature, which is published in England, have both waged campaigns of neglect
and occasionally mockery of cold fusion research. These magazines will eventually have to
alter that stance, which will be profoundly embarrassing for them.



The Question of Reproducibility

Cold fusion effects have not always been easy to reproduce, but that does not make
them any less real. The difficulties with reproducibility, however, are rapidly disappearing
as researchers discover the conditions required to provoke the phenomena, such as sufficient
deuterium loading of metal lattices, specific metallurgical requirements, and peculiar
triggering mechanisms. Some experimenters now report very regular appearances of cold
fusion phenomena, such as neutron bursts, tritium production, and excess power.

Ciritics of cold fusion research have regularly dismissed positive results simply because
the effects have not always been repeatable. This is a remarkably naive view that makes one
wonder where these scientists obtained their technical educations! Of course there are many
natural phenomena that are highly erratic, not repeatable, and definitely not predictable,
such as meteorite falls, lightning strikes, earthquakes, and the elusive "ball lightning." There
are also a host of modern technical devices that will not function if subtle, sometimes poorly
understood composition parameters are askew; semiconductor electronic devices are good
examples of this. It is not so surprising that the exotic cold fusion.phenomena are subject
to similar difficulties.

Negative Results Are Not Necessarily Negative!

The worst miscarriage of science in‘the'cold fusion story has been the absurd habit
of skeptics to "argue from authority” - to Suggest that because certain "good” laboratories got
allegedly negative results in their attemptsto replicate cold fusion in the spring and summer
of 1989, that the positive results of "not so good" laboratories should be disregarded. This
kind of illogic, of course, never made-any sense. At the moment, "argument from authority"
makes even less sense.

It is shocking but. true, but in the case of three major research groups that had
supposedly negative, results in the spring and summer of 1989 - Caltech, the Harwell
Laboratory in England; and MIT - there now appear to be significant questions about their
work. Three scientists have found simple algebraic errors in the Caltech work, and have
written to Nature magazine, but Nature refuses to publish these corrections. In MIT’s case,
serious questions about the methods used to evaluate power results have arisen. The
unpublished data appear to show indications of excess heat, but the published version has
been altered to remove these indications. When asked about this problem, the M.L.T.
researchers expressed surprise. They have attempted to explain away this and other major
problems with increasing numbers of weak and contradictory explanations.

Bringing the shortcomings of these supposedly negative results to the attention of the
scientific community has been all but impossible. Powerful publications with anti-cold fusion

..
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stances have been unwilling to air technical questions about the Caltech, MIT, and Harwell
work.

Theories of Cold Fusion

When conventional (low temperature) superconductivity was discovered accidentally
in 1911, there was no physical theory that could explain it, nor was there any such theory for
about the next half century. The much discussed high-temperature superconductivity, which
appeared in 1986-1987, still has no satisfactory theory to account for it. Yet industries and
governments are bent on developing and commercializing it. The same should be true for
cold fusion. However, because cold fusion seems to be an even more radical departure from
conventional physics wisdom than high temperature superconductivity, and because of the
past reproducibility problems of cold fusion, the latter has not been accepted as readily as
high-temperature superconductivity.

But because we can’t explain something perfectly at the-moment does not give us the
right to say that it doesn’t exist - the unfortunate attitude of some physicists about cold
fusion! Coid fusion does not operate like hot fusion; that:has been clear from the start. It
must have some other explanation. Happily, several‘courageous theorists, including physics
Nobel laureate Jutian Schwinger, have put forth remarkable theories to explain cold fusion.
Each of these theories might explain this astounding new physical phenomenon.

Cold Fusion Conferences

Since the infamous, highly megative "Cold Fusion Research" report that was
performed for the Energy Research.Advisory Board of DOE in November 1989 (which
ironically ignored the positive results of the Electric Power Research Institute/National
Science Foundation confetence the previous month), there have been several notable
conferences on cold fusion:

e First Annual.Conference on Cold Fusion, Salt Lake City, March 1990.
® Anomalous Nuclear Effects in Deuterium/Solid Systems, Provo, Utah, October, 1990.

e USSR: Conference on Cold Fusion under the auspices of the Soviet Academy of
Sciences, March, 1991.

® Second Annual Conference on Cold Fusion, Como, Italy, June-July, 1991.



¢ Conference on cold fusion in Japan in October 1991. The next conference is
scheduled for January 27, 1992, principal sponsors are Nagoya University, the JSME
and the IEEE.

The Third Annual Cold Fusion Conference is also scheduled to be held in Japan in
the fall of 1992, an appropriate location given the increasing interest in cold fusion by the
Japanese scientific community.

What Will Happen to Hot Fusion?

If cold fusion can be adapted to make practical energy-producing devices, a prospect
that seems increasingly likely, no one is going to want or need the immensely more expensive
and complex hot fusion reactors. An energy source that two years ago exceeded energy
break-even, that does not appear to produce harmful radiation, and that uses an abundant
(essentially infinite) fuel supply will win hands down over hot fusion, That is why there has
been so much negativism from the hot fusion community. If coldfusion works, the hot fusion
program will die. It’s as simple as that, and the hot fusion ‘people know it. But many
valuable scientific and cngmccrmg advances have already come from hot fusion
development. The work in plasma physics that the, hot fusion program conducts is
scientifically valuable in its own right. It should be continued whatever the fate of the hot
fusion reactor program.

To Good to Be True?

Probably the most diffictlt hurdle in trying to come to terms with cold fusion is that
it seems too fantastic scientifically, and "too good to be true" economically and socially. But
the same could have been and was said about many other technological revolutions as they
began to happen. If it is real and is useful in practical power-producing devices, cold fusion
will likely revolutionize the world in ways we can barely begin to imagine. I believe that there
little doubt that cold fusion is real. We must support cold fusion research with every
reennrce at our disposal and try to make this new form of nuclear energy viable. The stakes
have never been higher. We should remember the sentiment of the famous scientist,
Michael Faraday, in the last century, to whom we owe our revolutionary electrically powered
civilization. He wrote, "Nothing is too wonderful to be true."
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temperature probably exceeding 1064°C. The temperature of the plate’s
steel sample holder rose 50°C. The heat may have had nothing directly
mdowdththefusionmncﬁonsthalcvidmﬂynvcﬁsctomcmm
but it was a most unusual new phenomenon in a field that seems to
grow more and more curious. *Cold Nuclear Fusion Induced by Con-
trolled Out-Diffusion of Deuterium in Palladium™ was what Yamaguchi
and Nishioks called their approach.

In July « came rmﬂy hot cold fusion! The cold fusioneers met it
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ISEM-Nagoya

THE INTERNATIONAL. SYMPOSIUM ON NONLINEAR PHENOMENA
IN ELECTROMAGNETIC FIELDS

Nagoya Congress Center, Nagoya, Jupan
January 26-29, 1992

FINAL CAll FOR P\PPRS
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technology is now expanding its boundancs in line with the advent of such ncw matcrials as high
lemperature superconductors, new ceramics, magnetic fuids. Developments in compuler engineenng
as well as the recent rapid advance in fuzzy theory and ncuro-computing greaily promote the
expansion by caabling analyses on eleciromagnetic/notlinear plienomena.

The fourth International Symposium on Nonlincar Phenomena in Clectromagnetic Ficlds
{1ISEM-Nagoya) will be held on January 26-29, 1992 in Nagoya, Japan, 10 stimulate the exchange of
mnovative ideas and o promote more advanced investigation in nonlinear phenomena in
clectromagnetic fields.

The ISEM-Nagoya is organized by Nagoya University, in cooperation wilh the Japan Society of
Applied Electromagnetics, the Industrial Electronics Socigty of TEEE, the Japan Society of
Mcchanical Engineers, the Instiwite of Clectrical Engineers of Japan, the Magnelics Society of Japan,
the Japan Society of Magnetic Fluid Research, the Japan Society of Precision Enginecring, the Japan
Sociely of Applied Physics, and Nagoya Industrial Sciente Research Institute. This symposium also
has the sponsorship from the Ministry of Education, Seience and Culture in Japan, Aichi Prefeciural
Government, Nagoya Municipal Government, and Nagoya Chamber of Commerce and Industry.

TOPICS within the scope of the symposium will inefudc:
1. Electromagnetic phenomena I{advanced computation, inverse problem &
nopdesiractive testing).
2, Electzomagnetic phenomena I (molicn metals, maguoetic fluids, magnetic malerials).
3. Biological electromagnetic phenomena.
4, Mechanism and dynamics of new acwators {piczoclectric actuator, microactuator, magnetic
levitations & linear drives, magnetic bearing).
5. Application and-physics of high temperatire superconductivity(materials of high T,

application of high Tc).
6. Application of neural networks, fuzzy theory and chaotic motion in nonlinear
analys |

7. Physics of cold fusion.

Jom. 27,92 | ‘

Dr lkcgaml of the National Institute for Fusion Science will chair tl:us mceung. Featured
speakers include Dr. Srinivasan of BARC, India, and Dr. Takahashi. Dr. Tkegami asked me
to remind everyone that it is not to early to submit a paper for Third Annual CF meeting
he is hosting in October 1992, contact him for information.

A cold fusion seminar was included in the big Japan Nuclear Energy Conference in October
1991. This ISEM meeting is yet another big, establishment meeting in Japan where Cold
Fusion is on the agenda, just like micromachines, high temperature superconductivity, or any
other advanced experimenta] new field, The Japanese physics establishment, including the
IEEE, takes cold fusion seriously, so we need to get our side on the ball too.



Cold Fusion Research Advocates

2060 Peachtree Industrial Court, Suite 312-F
Chamblee, Georgia 30341

Phone: 404-451-9890 Fax: 404-458-2404

September 16, 1991
MEETING IN JAPAN

The "Japan Nuclear Energy Conference” (Nippon Genshiryoku Gakkai) is scheduled
October 15 - 18, at Kyushu National University, Engineering Department, Fukuoka City.
This is an annual conference, attended by academic and commercial researchers in fission
and fusion. The meeting is open to anyone who wants to attend, admission is 3,000 yen ($25)
at the door. The organizers are in Tokyo: 03-3508-1261, fax 03-3581-6128.

The schedule calls for ten Cold Fusion papers to be réad.on the first day, in Meeting
Hail C. This is a big, mainstream, annual event, in which"Cold Fusion is treated like any
other branch of physics. This proves beyond question that the Japanese physics
establishment takes this research seriously. Mr. Nakano tells me that more and more support
for Cold Fusion is coming from the Hot Fusion scientists. In the U.S. we have a bitter turf
war between these two groups, whereas in Japan they are cooperating. Cold Fusion sessions
like these would never be held at a U.S. Nutlear Energy Physics conference.

I have only one fax, with the schedule from Day 1, Meeting Hall C, and a map
showing Halls A - D, and conference rooms H - M. Obviously, the meeting organizers expect
enough listeners to fill a hall, rather than a smaller conference room. I apologize for the
poor quality of this fax. '

The Cold Fusion résearchers are from the biggest of the top National Universities:
Tokyo U., Osaka U,, plus:a group Hokkaido U., including Dr. Mizuno, one of Japan’s
leading Cold Fusion researchers. The Osaka group includes a researcher "on loan" from
Masenchita Corp, There is also a group from Tokyo Institute of Technology, which is called
"Japan’s M.L.T." Many of these groups appeared Como, Italy.

Here is 2 summary of the document:
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(Events C1 - C18)
MEETING HALL C (Soundproofed. Lecture Hall 103)
DAY 1 (October 15)

The left column shows morning lectures, numbered C1 - C8, which are about conventional
hot fusion. Conventional sessions from 9:30 to 11:50 include:

Neutron Applications
Short pulse neutron scattering techniques
Ultra Cold Radiography Test
Plans for reactor
The JRR-2 Medical Ion Beam Reactor
Neutron Device (lead spectrometer)
and so on...
"Fusion Reactor Researchers Assoc.” 32nd Annual Meeting~12:00 - 13:00
Latest results from the Superconducting Tokamak Fusion Reactor TRIAM-1M 13:00 - 13:45

First experiments with JT-60, recently rebuilt with siper lai'ge electric current 13:45 - 14:30

The right column covers the Cold Fusion SessionsC9 - C18, which begin at 14:30

Fusion (Cold Fusion)

Chairman M. Okamoto, Tokyo Imstitute of Technology 14:30 - 15:40

C9  Puised control experiments with Pd - D,O type cell
Osaka U, Spqake.t 2 Talkeuchi. Group also includes A. Takahashi, 1. Iida, S.
Yoshida, A--Mega and M. Watanabe who is visiting from Matsushita Corporation
Kesearch.

C10 Spectral analysis of neutrons. Osaka U. Group, Speaker is A. Mega

C11  Tritium level measurements. Osaka U. Group, Speaker is S. Yoshida.

C12 Measurement of charged particles from cold fusion reaction.

Osaka U, speaker is M. Honda.

10 minute discussion lead by chairman



Chairman M. Nakazawa, Tokyo University 15:40 - 16:30

C13 Unusual bursts of charged particles observed during cold fusion electrolysis
Osaka City U., speaker is Y. Taniguchi, with T. Yamamoto

C14 High temperature, high pressure heavy water Pd cathode electrolysis experiments

Hokkaido U., speaker is R. Taniguchi. Group includes: T. Makuragi, T. Mizuno, K.
Yasuzumi,

C15 Verified D-D fusion in normal temperature condensed matter

Tokyo Inst. of Technology, speaker is M. Nakamado. Group includes: N. Takahashi,
T. Kusunoki, M. Okamoto, Y. Fujii.

5 minute discussion lead by chairman
Chairman A. Takahashi, Osaka University 16:30 - 17:20

C16 Measurements of fusion byproduct particles during KeV Ion Beam irradiation of
deuterated titanium

Kobe Shosen U., speaker is N. Seki. .Groi.lp includes: A. Kitamura, Y. Furuyama, M.
Nakajima. '

C17 Wave structure seen in rate of reaction
Kokyu Research, speaker is N. Yabunouchi.

Ci8 Cold Fusion Super-Star observations
Hokkaido U, speaker is T. Matsumoto.

5 minute discussion lead by chairman

Reception at Reesento Hotel 18:00 - 20:00
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TOd HOT TO HANDLE
The Race for Cold Fusion
By Frank Close
Princeton University Press. 376 pp. $24.95 END NOTES

At a news conference in Salt Lake City on the morning of March 23, 1989,
the University of Utah announced that two chemists, Martin Fleischmann and
Stanley Pons, had corralled the source of the sun's energy in a test tube
of heavy water. For 5 billion years, the sun has warmed the Earth with
energy derived from the fusion of hydrcgen atoms (to, form helium.
Fortunately, even in the fierce caldron of the sun, fusion is a slow
process that will continue unabated for billions of' years. Small wonder
that humankind had thus far failed to harness fusion on Earth.

ine two chemists refused to reveal the details of their experiment,
setting off a wild chase involving scientists all over the world, a chase
complete with dead ends, false leads and roadblocks. Frank Close, a British
thecoretical nuclear physicist and author of popular books on science, has
produced an authoritative account of the "race for cold fusion.”

as, the scientists were chasing a shadow; the only secret was that
ti,_ ~ was no secret. Most physicists had been skeptical from the beginning.
The energy released in fusion is carried away by neutrons and gamma rays;
heat is generated only when _these deadly particles are stopped by
surrounding materials--and they are .very hard to stop. At the power levels
the two chemists were claiming,” their test cell should be emitting a
trillion neutrons and gamma rays each second. The author describes a
photograph that appeared in newspapers around the world:

"So Fleischmann and Pons appeared to have made a table-top reactor and
instead of surrounding it/with a protective shield of concrete blocks and
lead against what would have been a lethal dose many times over, there they
are noiaing a ceil in their hands, in jackets and ties, proudly in front of
what may be the most concentrated nuclear source west of Chernobyl. aAnd
they are manifestly alive."

As one of the skeptics, I explained all this to a reporter a few days
after the announcement. The reporter asked the obvicus guestion: "If
everyone knows it's wrong, why are they all doing it?" Why indeed? With
dozens of laboratories attempting to confirm the Utah claim, it was
inevitable that a few would screw up. A loose wire, electrode
contamination, calibration errors, quirky detectors, all got reported as
"ancmalous effects"™ and treated as "partial confirmations.®

Clearly, such a story has elements of high comedy, but the author
resists the temptation to ridicule. Although written in language an
if -ested layman can follow, this is a scientist's account, and the
e, ~+de 1is treated as a scientific detective story. The reader is led

through the maze of contradictory reports that gradually began to sort



tﬁ%ﬁéqiues out. In five weeks it was all over; the few remaining puzzles
would be found to have mundane explanations, additional sources of error
would be tracked down, scientists would return to more productive lines of
research.

2ut the story of cold fusion was shaped less by flawed science than by
c| 1 human frailties: greed, ambition, vanity. Unfortunately, the author
iSiot much help in understanding the characters in this drama. The reader
is left wondering what in the backgrounds of the two chemists could explain
how they so easily abandoned a lifetime of scientific training.

Close asks in the first chapter, "Was this a delusion, an error, or a
fraud?" By the end of the book, it is clear that cold fusion progressed
through all three. What began as wishful interpretations of sloppy and
incomplete experiments ended with altered data, suppression of
contradictory evidence and deliberate obfuscations.

After a while, the objective seems to have been just to prolong the
inevitable-~-but Fleischmann and Pons were no longer alone. Inept scientists
whose reputations would be tarnished, greedy administrators who had
involved their institutions, gullible politicians who had squandered the
taxpayers' dollars, lazy journalists who had accepted every press release
2t face wvalue--all now had an interest in making it appear that the issue
nad not been settled. Their easy corruption was one of the most chilling
aspects of this sad comedy.

To be sure, there are true believers among the cold-fusion acolytes,
just as there are sincere scientists who believe in psychokinesis, flying
saucers, creationism and the Chicago Cubs. The lesson from "Too Hot to
Handle" is that a PhD in science is. not an inoculation against
foolishness--or mendacity.

2 reviewer is professor of physics at.the University of Maryland and
diictor of the Washington office of the American Physical Society.
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Two New Theories on Cold *Fusion* Swiftly Produce Heat Among Scientists,
The Washington Post, April 26, 1991, FINAL Edition

By: Curt Suplee, Washington Post Staff Writer

Section: A SECLION, p.hall

Story Type: News National

Line Count: 60 Word Count: 656

Cold #*fusion*, the all-but-utterly discredited notion that once promised to
create cheap nuclear power in a jar of water, made a tentative bid for
credibility yesterday as two groups of researchers separately announced hew
explanations for the controversial phenomencon.

Both announcements, from private companies that are publishing in the same
schelarly, peer-reviewed journal, invoke radically unorthodox theories of
atomic behavior as well as extraordinary claims. One of the announcements
was publicized by the news office of the Massachusetts Institute of
Technology, ordinarily a bastion of scientific orthodoxy, even though the
reamarch was done elsewhere.

“Suaysicists Frederick Mayer and John Reitz of Ann Arbor, Mich., called a
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Dear Mr. Rothwell: 30.121 ?;rz_

The Department of Energy has been asked to respond to your letter, with
several enclosures, to President Bush dated January 10, 1992, that expressed
concern about cold fusion research in the United States. Your letter and
information on cold fusion have been reviewed. We have been.aware of the
activities you referenced including the effort to establish®.a”$10 million per
year research program on cold fusion.

We believe that the appropriate mechanism for establishing the feasibility of
a new, or unexpected, scientific result is for the proponent to submit it to
the collective judgement of peers. This mechanism can be activated in several
ways, such as technical presentations at scientific conferences and
publications of results in prestigious, peer-reviewed journals. This is a
thorough, but time-consuming process. Howewer, all major scientific advances
have been subjected to, and have survived,‘this scrutiny.

The November 1989 report of the cold.-fusion-panel recommended against any
special Department of Energy funding.for the investigation of phenomena
attributed to cold fusion. However, the panel was sympathetic toward modest
support for carefully focussed and, cooperative experiments within the present
funding system. The Department of Energy accepted the report and its
recommendations. We have been‘'monitoring the cold fusion research area since
the issuance of that report and believe that its recommendations are still
valid. We continue to be available to review any research proposal of
interest to the Department.

Sincerely,

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

cc:
Ms. Sally Kelley

Director of Agency Liaison
The White House
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