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ABSTRACT: Part 13 presented evidence in support of Bush's TRM 
ModeIl ,2,4 and, in particular, his hypothesis of "alkali-hydrogen fu
sion" in a lattice as a prototype for cold fusion with both light and 
heavy water2 . In Part II preliminary evidence is presented for x-ray 
emission accompanying both the heavy and light water excess heat 
effects in the form of both characteristic x-rays and bremmstrahlung. 
These studies had the unsatisfactory feature of low signal-to-noise, but 
the satisfactory features of reasonable statistics and excellent correla
tion. An interesting feature was that x-ray emission decreased some
what after a cell was switched off, but then spiked upward to decay 
exponentially to the background level over a period of days. This 
emission was apparently associated with the desorption of hydrogen 
from the cathode. With the cell turned off it was also possible to study x
ray emission accompanying the thermal desorption of hydrogen by 
changing the cell temperature and studying x-ray emission as a func
tion of cathode surface temperature. When this effect of x-rays accom
panying desorption was factored in, Bush's TRM ModeI1 ,2 ,4 appears to 
account for the correlation between x-ray emission and excess power. 

1 .  I n trodu c t i o n :  

Copious amounts of radiation, either i n  the form of neutrons or 
radiation , have not been reported in the case of either heavy water cold 
fusion cells (Fleischmann-PonsS) or light water cold fusion cells 
( Mills6) ,  and this has been a puzzle. Bush points out that his TRM Model 
incorporating the hypothesis of "alkali-hydrogen fusion" in a lattice 
offers a solution to this puzzle: Thus, if much, or all, of the excitation 
energy goes into the kinetic energy of the product particle; e.g. a cal
cium nucleus in the case of a potassium nucleus adding a proton at, or 
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just inside, the surface of  a nickel lattice, one would expect radiation in 
the form of characteristic x-rays and bremmstrahlung, but no neutrons 
or gamma rays, which are far more penetrating. So, where are the x
rays? Tantalizing evidence has been achieved by researchers such as 
Miles and Ben Bush 7, who have had one instance in which a dental film 
placed inside a heavy water cell showed fogging in a case in which the 
cell was also known to be evidencing excess heat. In addition, 
Srinivasan8 has seen evidence of extraordinary electron fluxes in cases 
of palladium and titanium loaded with either deuterium or hydrogen 
electrolytically or by gas-loading. It was primarily private communica
tions from these two groups that encouraged Bush to look for x-rays 
with cells designed by Bush and Eagleton and built by Eagleton. 

A limitation was that only one scintillation counter was available. 
Additionally, the emission was meager enough that it would not fog 
dental film positioned against the outer Styrofoam surfaces even for 
many days. However, by placing a scintillation tube on top of the cell, 
or as close as possible along side at the same height as the cathode (This 
orientation usually gave he best counting rates.) it was possible to attain 
data in support of the existence of both characteristic x-rays and 
bremmstrahlung and, also, to see two basic x-ray effects: 1. Qualitative 
and quantitative correlation of x-ray emission with excess power. 2 .  
Qualitative and quantitative correlation of x-ray emission associated 
with the desorption of hydrogen from the cathode. The weight of the 
evidence provides support for Bush's three dimensional TRM ModeI1 ,2,4 
(Transmission Resonance Model) . An unsatisfactory feature of these 
preliminary studies was the low signal-to-noise ratio of the data, which 
meant that one must often count for long periods of time (hours or 
days) .  (This aspect is apparently consistent with those studies in which 
previous experimentalists anticipated seeing a readily-measurable 
effect. ) However, a significant ameliorating feature was that, whereas 
characteristic x-rays required days of counting and then about half that 
of background subtraction at relatively low excess power to see, correla
tions of x-ray emission with excess power could be observed for cases in 
which each x-ray data point required only about fifteen minutes, pro
vided that the counts from many channels of a multi-channel analyzer 
were added together to establish a single data point. Thus, the sum of 
the counts reSUlting from bremmstrahlung and numerous characteris
tic x-rays was employed to establish a single data point. This enabled 
the pattern of x-ray data points to be correlated either qualitatively, or 
quantitatively, with the excess power data achieved with the calorim
eter. The result was that poor signal-to-noise was considerably compen
sated by reasonable statistics and a high correlation reSUlting in a high 
level of confidence in the results. Reproducibility also appeared to be 
good. 

2 .  Appa r a t u s :  

The electrolytic cell ( l ight water case) ,  calorimeter, and comput
erized data acquisition system were described in Part 13. For the heavy 
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water cell the anode-cathode configuration ( platinum wire anode
palladium cathode) of the cell was close to that of Fleischmann-PonsS. 
X-ray measurements were performed using a Bicron 1 . 5  inch diameter 
NaI scintillation detector. An 8 1 1-3 multichannel analyzer PC board and 
software by Nucleus, Inc. of Oak Ridge, Tennessee were employed by 
Bush for x-ray counting. 

3 .  Experiment s  with a H eavy Water  C e l l  ( C e l l  5 8): 

The electrolytic cell chosen for the initial studies attempting to 
correlate x-ray emission and excess heat, cell 5 8, had a cathode consist
ing of a (77% Pd/23% Ag)-alloy fabricated by Storms of Los Alamos. The 
platinum wire anode was wrapped uniformly around this thin flat 
cathode ala Takahashi. It took about 1 6  days of charging to produce any 
excess heat, with much current ramping along the way. Approximately 
3 W was the highest excess power observed. (Cathode surface area: 4 
cm2. An unusual feature was that the electrolyte was 0.85M LiOD.) 

D i s covery of x-ray e m i s s i on-vs . - c u rrent  d e n s i ty  fine  
s tructure  m i rroring that  for  excess  p ow e r  vs.  current  d e n
s i ty and predicted by Bus h ' s  TRM Model .  

Fig. 1 portrays this situation for which calorimetric data and x
ray data were taken simultaneously, and show a strong correlation 
based upon the similarity of the typical "hill-and-vaUey" curve famil
iar from Bush's TRM Model. If the charged product nucleus is given 
kinetic energy, and/or if electrons present are given some of the excess 
energy, x-rays should be produced due to the deceleration of the 
charges. Data points were the result of summing the results of a large 
number of energy channels. 

C h ar a c t e r i s t i c  x-ray l i n e s  were  o b s e rved:  
Fig. 2 and Fig. 3 show apparent characteristic x-ray lines associ

ated with platinum: Since the anode is of Pt, and part of this plates onto 
the cathode during electrolysis, this should not be surprising. Fig. 2 
shows a characteristic Pt x-ray line centered at about channel 3 1 6  
corresponding closely to the known energy of 75 .6  keY. [Correspon
dence of the energies and channels was established via a calibration 
curve employing characteristic lines for such sources as Cs 1 3 7  ( 3 2  keY 
x-ray line) and C057 ( 1 22keV line) .] Fig. 3 shows an apparent doublet of 
Pt x-ray lines centered at approximately the channels 272  and 2 80, 
corresponding, respectively, to the known Pt x-ray line energies of 65 . 1 
keY and 66.8 keY. In all three cases note the reasonable Gaussian line 
shape. Fig. 4 is quite interesting: Apparent characteristic palladium x
ray lines centered at approximately channels 90,1 00, and 105  corre
sponding, respectively, to the known energies of about 2 1 . 1  keY, 23 .8 
keY, and 24.3 keY. Characteristic lines identified as those of silver are 
shown centered at channels 93, 1 07 ,  and 1 09, corresponding, respec
tively, to the known Ag lines of 22. 1 keY, 25 .0 keY, and 25 .5  keY. In 
addition, other lines in Fig. 4 have been identified as being associated 
with plausible typical impurities of Pd and Pt: A ruthenium peak is seen 
centered at about channel 82 corresponding to the known energy of 
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about 19.2 keY, and a rhodium peak is  centered a t  about channel 87 
corresponding to the known energy of about 20. 1 keY. Apparently, 
then, the excess heat effect can be employed in conjunction with an x
ray counter and multi-channel analyzer to determine the presence of 
major metal impurities. Also, the presence of the x-rays (keV range) 
provides evidence of nuclear processes. With regard to x-rays poten
tially associated with energetic electrons, two possibilities suggest 
themselves: These electrons may result from internal conversion. Also, 
perhaps these are the electrons effecting the nuclear reaction via 
shielding, as in the case of the a Us-electrons" suggested by Bush2. 

After c e l l  5 8  was t u r n e d  o ff, t h e  x - r ay c o u n t i n g  rate  
i n i t i ally d e c r e a s e d  s e veral p e r c e n t  fo r a b o u t  a d a y  a n d  then 
spiked u p  i n  the time of about a day t o  a peak ab out 1 2% 
h i g h e r  t h a n  w h e n  t h e  c e l l  was o p e r a t i n g .  The c o u n t i n g  r a t e  
t h e n  d e cayed exp o n e nt i a l l y  o v e r  a p e r i o d  of ab out nine days 
t o  t h e  a p p a r e n t  b ac k g r o u n d  l ev e l  l a t e r  e s t a b l i s h e d  b y  r em ov
i n g  t h e  c a t h o d e  from t h e  c e l l .  

This behavior i s  seen from Fig. 5 and apparently i s  a different x
ray emission effect in that it is associated with the desorption of the 
deuterons from the cathode. 

B a s e d  u p o n  t h e  fi n d i n g  of x - r ays with a swi t c h e d - o ff 
c e l l .  B u s h  r e a l i z e d  t h e  p o s s i b i l i t y  of l o o k i n g  fo r t e m p e ra
ture- d e p e n d e n t  x-ray e m i s s i o n  p e a k s  ( s u m  of c o u n t s  fr o m  
l a r g e  n u m b e r  o f  d i ffe r e n t  c h an n e l s )  a s s o c i a t e d  w i t h  t h e  
t h e rm a l  d e s or p t i o n  o f  d e u t e r o n s .  

Fig. 6 shows that the first attempt at  this was reasonably success
ful. The solid curve is based upon Bush's TRM Model. The latter predicts 
this temperature dependence in the same manner that it predicts the 
temperature dependence for neutron emission in the case of the ther
mal desorption of deuterons; e.g. recall the well known -30 C line estab
lished for neutron emission. Thus, with an electrolytic cell in which 
the cell, and thus cathode, can be heated by heating the bath, x-ray, and 
probably neutron, temperature-dependent studies can be conducted by 
simply switching off the current as an alternative to more "conven
tional" calorimetric experiments. With reference to Fig. 6, it is abso
lutely mind-boggling that minor temperature changes of the cathode, 
e.g. going from 3 2C to 2 3.4C in this case, can result in a major increase 
in the real x-ray intensity. 
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4. Experiments  with a Ligh t Water C ell  (Cell  6 2):  

Cell 6 2  was a light water based 0.S7M LiOH cell with the inside out 
anode-cathode configuration described in Part 13 with the thin annulus 
(approx. 1 mm) of the cathode composed of sponge nickel (nickel 
fibrex) .  

Fig. 7 and Fig. 8 ,  respectively, show a qualitative correlation 
between excess power and x-ray emission over a period of days at rela
tively low excess power. Apparent discrepancies in that correspon
dence can be accounted for by the x-ray emission effect associated with 
hydrogen desorption when the current (applied power) is very low, or 
off. Fig. 9 has the excess power and x-ray count data points included on 
the same plot. For this higher excess power range one again sees a 
qualitative correlation between excess power and x-ray emission, but in 
a higher excess power range. Finally, Fig. 1 0  exhibits the roughly 
linear relation between real x-ray count (actual count minus back
ground) and excess power for this light water cell. (In cases where two 
real x-ray counts were the same, the excess powers were averaged to 
establish the point. )  
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5. C o n c l u s i o n s :  

I n  the case o f  heavy water cells with palladium cathodes i t  might 
be supposed that microcracking of the palladium results in high elec
tric fields, with the reSUlting accelerated charged particles yielding x
rays upon deceleration. However, this argument could hardly be ap
plied to the light water case, since the nickel cathode is presumably 
undergoing no microcracking. Applying Occam's razor suggests, then, 
that x-rays in the Pd case do not arise from microcracking. We conclude 
from these studies that x-rays have been systematically observed and 
studied, perhaps for the first time, for both the heavy - and light water 
cases and correlated with excess power. These studies strengthen the 
argument that the light water and heavy water excess heat effects are, 
indeed, nuclear effects. Coupled with the evidence adduced in Part 13, 
we conclude that they also strengthen the case for Bush's hypothesis2 
of "cold fusion" as "alkali-hydrogen fusion" in a metal lattice, or as CAF 
("Cold Alkali Fusion") (Suggested to Bush by Drexler9.) . 
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