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Neutron repulsion was discovered in nudear rest mass daain 2000as the overlooked source
of nudear enegy tha tied togehe many puzzling space-age observations of the previous
four decades, like the keystone crown on an arch tha locks the other pieces of the puzle
togaher. Membes of the space, climate, and nudear science communities neglected neutron
repulsion, as they did three earlier, crudal discoveries about Earth's heat source tha might
have avoided the recent scandal over suppasedly scientific predictionsabout Earth@ climate:
a.) The Sun gave birth to the solar system in a supenovaexploson and then reformed on the
collapsed supenovacore (Fig. 1); b.) Excess **Xe from the r-process was a tracer isotopeof
primordia hdium in meteorites and planets at the birth of the solar system (Fig. 2); and c.)
Mass fractionaion in the Sun (Fig. 3) enriches lightweight elements and lightweight isotopes
of each element at the solar surface. Togeher these fourfindingsare theframework that may
explain why: 1)) Energy and neutrinos continuousy pourfrom theiron-rich Sun and similar
stars; 2.) An ordinary-looking star like the Sun formed on the neutron-rich core of a precursor
gar; 3.) Solar hydrogen from neutron-decay in the Sun indues mass fractionaion and
geneates solar neutrinos by fuson on its joumey to the H-rich surface before departing to
interstellar space; and 4.) The cosmos fragments and expandsas neutron repulsion overcomes
gravitationd attraction to produce violent stellar explosonsor steady neutron-emission and
neutron-decay into the hydrogen tha departs stars as a waste produd.

*E-mail: omatumr@yahoo.com or omatumr2@gmail.com




I ntroduction

This review of events that led to the discovery of neutron repulsion and the implications of
neutron repulsion for space and solar sciences was prepared for publication at this time as an
expression of gratitude for a hdf century of discoveries and as an invitation to other
scientists, world leaders and administrators of public research organizationsN like the UN's
Intergovenmental Pand on Climate Change (IPCC), the US Nationd Academy of Sciences
(NAYS), thelnternaiond Inter-Academy Pand on Internaiond Issues (IAP), the Internaiond
Inter-Academy Coundl (IAC), the US Depatment of Energy (DOE), the US Environmental
Protection Agency (EPA), etc.N to examine the empirical evidence of neutron repulsion for
themselves and decide if this naural source of nuclear energy might advance undestanding
in thar own disciplines.

As noted in the abdract, the discovery of neutron repulsion in 2000was the triumphant arch
throughwhich many puzling observations over the previousfour decades could findly be
viewed as pieces of a surprisingly ssimple mosaic of the origin, chemical composition and
source of energy for the Sunand its planetary system.

Theremarkably singular event that gave birth to the solar system and its elements is depicted
in Fig. 1: Stellar debris™ from the axial exploson of a star tha had evolved alongthe path
described in 1957 by B2FH®. This scenario was shown at 1976 AGU® and ACS® meetings
and the 1977Welch Cosmochemistry Conference’, and discussed in these 1970'spapers™.

& raassIve spinming star The nfall of low-Z elerents The sun forrs on the SN core;
becoraes cheraically layered causes an axially directed super-nova  cores of inner planets fora
near the end of its life, when explosion, producing a rapidly in the Fe-rich region around
asyraraetric collapse occurs expanding bipolar nebula with an the SN core; Jovian planets

to conserve angular raormenturn. equatorial accretion disk. form in the outer SN layers.

Fig. 1. The Sun and its planetary system formed directly from the debris of a precursor star
tha exploded axially and produced a planetary disk in the equaoria plane orbiting the
remnant neutron-rich core on which the Sunreformed.



The smple scenaio in Fig. 1 for the origin of the solar system addressed these puzling
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space-age finding$ ™ and led to recognition that mass solar fractiongion*? is maintained
by the upward flow of hydrogen as a by-produd of neutron-emission from the solar core.

¥

Decay produds of extinct, short-lived radioactivities (***I, ?**Pu, **’Pd and *Al) in

meteorites” **, and the decay produds of two of these short-lived radionudides (**°I

and ?Pu) in the Earth*** itself. [Thefirst report of radiogenic **’Ag from **’Pd

decay was wrong; radiogenic '°’Ag was rediscovered in meteorites 18 years later ]

The abundances of many isotopes of noble gases in meteorites, terrestrial and luna

samples had been severely atered by mass fractionation™*%° in unknown site(s).

Excesses of some isotopes were unexplained by mass fractionaion but matched the

produds of specific stellar nudeosynthesis reactionsdescribed earlier by B2FH*;

a) Excess®*Xefrom thep-process®,

b) Excess ***Xe from the r-process®, rather from than sponneous fission of an
extinct supe-heavy element?*®, and

c) Excess O from hdiumbumingor the! -process™,

Indugons in iron meteorite formed as early and trapped as much shont-lived

radioactivities as "primitive" meteorites’’; and

Excess **Xe from the r-process of nudeosynthesis® was a "marker isotope' for

primordial helium tha accompanied only "strange' xenorf® (Xe-2) in meteorites .

Fig. 2 shows the experimental observation that required radical changein the standad modd
for the formation of the solar system from an interstellar cloud of mosly hydrogen and
hdium: Meteorites sampled two primordial reservoirs of xenon (Xe-1 and Xe-2), but all
primordia hdium wasin thereservoir with "strange' Xe-2; nonewas with "nomal" Xe-1.
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Fig. 2. Theinitial assodiation of all primordia hdium with excess **Xe in "strange' xenorf®
(Xe-2)" andits absence from "nomal” xenon (Xe-1)" was thefirst indication tha elements
and isotopes never completely mixed in the supernovadebris that formed the solar system™,



Science*®® published the debaes between advocates of superheavy eement fissior?® and
nudeosynthesis'3>"? as the source of excess ***Xe in meteorites. Evidence was soon
reported of nudeogendtic isotopic anomalies in many other elements, but advancement was
hindeed by thoe who mistakenly®® assigned mass fractionaed forms of neon®®® to
nudeosynthesis and by others who simply ignored the link!3** between major elements and
specific types of nudeogendic isotopic anomalies’ e.g., the close assodation of lightweight
elements like primordial hdium with r-produds (Fig. 2)" and suggested tha nudeogenetic
isotopic anomalies could be explained by injecting a small amount of anomalous material
from anearby supanova® or by thepresence of interstellar carrier grainsin meteorites™ .

Despite these distractions measurements continued to reveal new nudeogenetic isotopic
anondlies linked to the chemica compostion of the carrier grain, as expected from the
scenaio shown in Fig. 1 for thebirth of the solar system from poaly mixed stellar debris:

¥ Researchers at the University of Chicago identified six different classes of meteorites
and planets by the amounts of excess *°O in their oxygen isotopes™.

¥ Researchers a the University of Chicago™ and Caltech® collaborated on studies to
show correlated nudeogendtic isotopic anonaliesin dissmilar e ements, O and Mg.

¥ Research at the University of California-Berkeley confirmed the andent age reported
earlier?” forindusonsin iron meteorites™.

¥ Theprimordia link reported earlier’>N of anomelousxenon (Xe-2) with hdium from
theouter pat of asupanoval was confirmed in diverse types of meteorites*.

¥ As measurement after measurement continued to accumulate on one side of the
debae over theformation of the solar system (Fig. 1), it seemed that the debae might
befindly settled in 1983with the puHication of three reports****:

a) Professor Andeas and another researche at the University of Chicago joined
researchers from the University of California-San Diego to publish evidence® in
Science against the supeheavy element fission hypohesis™®,

b) Unde abanne newsreport, "The demise of established dogmas on the formation
of the Solar System", Nature repotted™ tha new findings”. . . led the principal
defendants in the argument . . . to concur in favor of the supernova hypothesis."

¢) By correcting element abundances in the phooohere for the mass fractionaion
observed across isotopes of elements in the solar wind, theinterior of the Sun was
shown* to condst mosly of elements’ Fe, O, Ni, Si, S, Mg and Ca' elements
producd near the core of the supanovashown in Fig. 1.

¥ But these 1983 reports did not convince administrators of federa research agendes
and maingream scientists to consder serioudy the solar system's supernova birth®?

(Fig. 1), excess ***Xe as a tracer isotope” for primordia hdium (Fig. 2), solar mass

fractionaion™ (Fig. 3), or the prediction™ of excess ***Xe in Jupiter. They congrued

". . . independent evidence that so-called CCF-Xe is derived from a supernova

involving both p- and r-processes, as first suggested by Manuel et al. (Nature 24Q

99, 1972)", and conaurrence . . . in favor of the supernova hypothesis" to mean tha

the excess **Xe in meteorites came from any number of distant supenovae! This

pog-1983 consensus view on diverse supanova sources for isotopic anomalies is
well illugtrated by this 2002report®™ from Harvard and the references cited there.



¥ Twelve years later xenonisotopedata, collected as the Galileo probeentered Jupiter's
He-rich atmosphee, confirmed*®* the link of excess ***Xe with primordial hdium
(Fig. 2) and predictionsof theiron-rich Sun and solar mass fractionaion™.

¥ A renowned geologist and space scientist at a first-class research university®
chdlenged thedogma tha iron meteorites formed by plangary differentiation.

¥ University of Tokyo studies’®° showed that massive iron meteorites solidified before

isotopes of molybdenumfromther-, p- and s-processes of nudeosynthesis mixed.
¥ Measurements showed more abundant heavy elements® and heavy isotopes® in solar
flares than in the solar wind: Flares by-pass ~3.4 stages of solar mass fractionation®?.

¥ Many reports from othe prestigiousresearch universities and ingitutionsworldwide,
too numerousto list and discuss separately, confirmed tha isotopic and elemental
anonalies from nudeosynthesis are commonplace in material that solidified to form
meteorites almos immediately after a supanovaexploson, e.g., references °>,

¥ Excess lightweight s-produds in the solar phobsphee indgpendently confirmed®
solar mass fractionaion™ (Fig 3) and the dominant presence of Fe, O, Ni, Si, and Sin
the Sun fromrapid nudear reactions' near the core of asupenova(Fig. 1).

Fig. 3 compares the abundace pattern of elements in the solar phobsphae™ with the
empirical paterns of mass fractionaion measured across twenty-two (22) noble gas isotopes
(A = 3-136 amu) in the solar wind™ and across seventy-two (72) s-produds’ (A = 25-207
amu) in the solar phoosphae®.
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Fig 3. Lightweight elements™ (left), lightweight isotopes* (center), and lightweight s-
produds® (right) from slow neutron capture® are enriched at the surface of the Sun by solar
mass fractiondion. The more abundant elements in the interior of the Sun are identified as
Fe, O, Ni, Si and S when the abundance patern of elements in the phobsphae™ (left) is
corrected for the empirical mass fractionaion observed across isotopes in the solar wind™
(center) or across s-produds in the phobspheae® (right). Both show tha the Sun consists
mosly of the same elements foundthe Earth and in ordinary meteorites’™.

In summary, Fig. 1 shows the scenario for the birth of the solar system that fit experimental
observationsup to 1976 and has continueal to fit new experimental obervationssince then.



Fig. 2 shows evidence from 1975 measurements? tha indicated excess **Xe from the r-
process was a tracer isotopeof primordial hdium at the birth of the solar system. Primordial
hdium is convasely a tracer* for excess ***Xe from the r-process. Tha fact made possible
the 1983 prediction™, and confirmation by Galileo probe measurements™®*’ in 1995 of
excess **Xe from the r-process in the helium-rich atmosphee of Jupiter. Fig. 3 shows
expeimental evidence tha mass fractionaion enriches light elements and the lightweight
isotopes of each element at the surface of the Sun, but the interior of the Sun congsts mostly
of the elements foundin ordinary meteorites’ and rocky planets' Fe, O, Ni, Si and S.

Nudei of Fe, O, Ni, Si and S al have high nudear stability and were according to B2FH*
synthesized near the core of asupenova Neutronrepulsionin theremnant supenovacoreis
the source of solar energy tha ties togeher the above expearimenta findings and explains
solar luminosty, solar neutrinos and solar hydrogen tha pourfrom the Sun today.

Neutron Repulsion

Neutron repulsion is an empirical fact and a powerful source of nudear energy. Neutron
repulsion is recorded in the nudear rest mass data of every nudeus’®™ with two or more
neutrons It was overlookal as a source of nudear energy until 2000, when five students -
Cynthia Bolon, ShdondaFinch, Daniel Ragland, Matthew Seelke and Bing Zhang - enrolled
in Advanced Nudear Chemistry (Chem 471) hd ped the author devel op three-dimendond (3-
D) plots and extrapolate trends in values of M/A, mass or potential energy pe nudeon,
versus ZIA, charge per nudeon for the rest masses of every nudeus’® known at thetime. The
graphsshown in Fig. 4 represent ~2,850 nudei. These graphsoffered a rational explandion
for the current opeation of the Sun that is congstent with information shown abovefor its
origin and compostion (Figs 1-3). Many of the expeimental obsrvations prior to the
discovery of neutron repulsion were summarized here in a 1998review paper’™.
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Fig 4. The author and five students in an advanced nudear science class developed the
"Cradle of theNudides' ontheleft in the Spring semester of 2000[M = Mass in atomic mass
units (amu); Z = Atomic nunber; A = Mass numbe]. The vertical axis is mass (potential
energy) pe nudeon (M/A), the horizontal axis is mass nunber (A), and the depth axis is
charge dendty (Z/A) or charge per nudeon. Mass parabolas were fitted to the data points at
each mass nunber (A) in the graph on theleft to produe the graph ontheright When these
parabolas were extrapolated to thefront pand, neutron repulsion was revealed as excess mass
equd to ~10 MeV/nudeon.



The potential energy (mass) per nudeon from repulsive interactions between neutrons can
be seen more clearly in Fig. 5 as intercepts of empirically defined mass parabolas with the
frontpand at Z/A = 0. Intercepts with thefront pand show what the values of M/A would
be if each nudeus were composd entirely of neutrons Likewise intercepts of the same
mass parabolas with the back pand at Z/A = 1 show the highe potential energy (mass) per
nudeon generated by al repulsive interactionsbetween protons Differences between the
values of these intercepts at the front and back pands are caused by Coulomb repulsion
between postive charges on assemblages of protons as explained here earlier™.
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Fig 5. Thepotential energy pe nudeon (M/A) from repulsive interactionsbeween neutrons
is shown as intercepts with thefront pand at Z/A = 0 for mass parabolas fitted to nuclear rest
mass daa of ground state nudides”. Coulomb repulsion between postive charges on
protons explains™® quantitatively why values of intercepts with the back pand at Z/A = 1
become increasingly highe as the mass nunber, A, increases.

Before udang information on neutron repulsion from Figs 4 and 5 to illudrate the energy
source tha powers the neutron star at the core of the Sun, it may be hdpful to point out tha
other researchers’ have independently conduded tha useful information on neutron stars can
be obtained by extrapolating atomic mass data out to "homogeneous or infinite nuclear matter
(INM)" (ref. 76, page 1049. 1t may aso be hdpful to display theinformation shown in Figs
4 and 5 onaconventiond, two-dimensond (2-D) graph tha compares the values of potential
energy pe nudeon (M/A) for ordinary nudei with those calculated for homogeneous infinite
nudear matter (INM) at theinterceptswheeZ/A =0andZ/A = 1. ThisisshowninFig.6
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Fig 6. Mog ordinary nudei with Z/A ~ 0.5 lie dong thelower pat of this diagram and have
values of M/A ~ 1.00 amu/nudeon. Light fudble nude have values of M/A ~ 1.00-1.01
amu per nudeon. Material in the massive neutron cores proposd’”"® over seventy years ago
for starshave Z/A ~ 0 and consst of neutronswith M/A ~ 1.02-1.03 amu/nudeon™. Neutron
emission from such objects are expected to release ~10-22 MeV of energy’®. Data calculated
for nudei made of protonsonly (Z/A ~ 1) are of little practical interest. Coulomb repulsion
prevents the formation of protortonly nudei heavier than the hydrogen atom.

Nudear fission involves small changes in nuclear stability in the lower part of Fig. 6 and
typically release ~ 0.1% of the rest mass as energy. Fuson of hydrogen into hdium releases
~ 0.7% of therest mass as energy. Complete fuson of hydrogen into iron releases ~ 0.8% of
the rest mass as energy. A far greater nudear energy source powers the Sun: Neutron
repulsion triggas neutron emission and a series of reactions tha togeher produe solar
luminosty, solar mass fractionaion, solar neutrines, and solar-wind hydrogen”® 74798

1. Neutron emission: <01n > # oln +~10-22MeV

2. Neutron decay: oln # 11HJr +€e +anti-$ +0.782MeV
3. Upward migration of H* & fusion: 4 11H+ +2e# 24He+Jr +2% +27MeV
4. Escape of excess H' in solarwind: 3 X 10 H*/yr # Depart in solar wind



The flux of solar neutrinos observed® and total solar luminosty suggest tha neutron
emission (Rx 1) from the core of the Sun releases ~12 MeV of energy pe nudeon and
geneates ~60% of solar luminosty. Neutron decay (Rx 2) releases ~1 MeV of energy per
nudeon and generates ~5% of solar luminosty. Upward migration and fuson of hydrogen
(Rx 3) releases ~7 MeV of energy pe nudeon and generates ~35% of solar luminosty and
100%of the solar neutrinosobserved®. The solar wind (Rx 4) releases ~1% of the hydrogen
producd by neutron decay and accounts for ~100% of the solar wind hydrogen.

Thus the four processes listed above offer a reasoneble explanaion for solar luminosty,
solar mass fractionaion, solar neutrinos and solar wind hydrogen observed coming from the
iron-rich Sun. They are aso consstent with literally hundeds of space-age measurements
since 1960tha suggest the Sun is a plasma diffuser®” that separates atoms by mass, sending
the most lightweight element, hydrogen, to the top of the Sun’s atmosphere and giving the
illusontha the Sun might beagiant bdl of hydrogen described by the standard solar modd.

Oppostion to the conaept of neutron repulsion as the primary source of solar energy source
usudly takes these forms.

a) Solar neutrinosmeasurements have confirmed the standad solar modd.
b) Themass of the Sunisless than the minimum mass of a neutron star.

¢) Neutronsrepulsionisimpossible because neutronsdo nothave a charge
d) Anti-neutrinoshave notbeen observed coming from the Sun.

€) Thedensty of the Sun precludes a neutron star at the solar core.

Brief repliesto thefirst four concernsare these:

a) Measurements continue® on possible solar neutrino ocillations

b) Thereisnominimum mass on neutron stars that emit neutrons > 74798,

c) Neutronrepulsionisan empirical fact’* "™ recorded in nudear rest mass data. Neutron
repulsion and proton repulsion are in addition to Coulomb repulsion”™ (Figs 5 & 6).
Interactionsbetween nudeonsare unlike Coulomb interactions(Figs 5 & 6).

d) It isdifficult to measure low-energy (<0.782 MeV) neutrinos coming from neutron-
decay in the Sun. The author noted the need for this measurement* and encouraged
use of the solar neutrino detector in the Homestake Mine to look for inverse %decay
induced by low-energy anti-neutrinos from the Sun: CI-35 # S-35. The facility was

flooded before measurable levels of 87-day S-35 accumulated in the Homestake Mineg,

Thelast and mog widespread concern” tha the densty of the Sun precludes the existence of
asmall, dense neutron core" isdifficult for the author to grasp because theinternd structure
and outer edgeof the Sun are unknown. This was briefly addressed in arecent paper® noting
tha the Earth and the othe plands orbit ingde the Sun® outer layerN the hdiogphee.
Cyclic and abrupt changes in Earth@® climate reflect changes tha occur in the Sur?>®.

Average dendty is the total mass divided by the total volume, but one could arbitrarily
condgder and calculate the average density of the Sun from thetop of the phoogphee inward,
~1.4 g/cm™. Those who believe that this density value precludes a solar neutron core have



not explained why this puzle is more difficult than tha faced by Rutherford® and Bohr®
when ther ! -scattering experiments suggested tha almog all of the mass of an atom is
contained in an incredibly tiny, incredibly dense core. For example, in the hydrogen atom
the average dendty determined from measurements on liquid hydrogen is ~0.07 g/cm™, and
the densty of the proton at its core is ~10" g/cm™. This andogy of the Sun with an atom is
not meant to convey theimpression tha thefractions of thetotal massesin the cores of atoms
and stars are necessarily the same.

There is anothe intriguing andogy between stars and atoms. Observationswith the Hubble
telescopeof stellar explosons e.g., Supenoval987A andthe Plangary Nebula Eta Carring,
showtha fresh stellar debrisis frequently shgped like two dumbbdls on the opposte sides of
a doughnuthole, as was shown earlier in the pand on the right side of Fig. 1 for the
supenovadebris tha formed the solar system.

Fig. 7 (below) compares the shape of the 3d(z?) orbital of the electron in the hydrogen atom
(Ieft) with a recent phoograph of stellar debris from Supenova1987A  Both show two
dumbbdls on opposte sides of the hole of adoudhnut From this point of view, the Sun and
other quiescent stars are shaped like the 1s orbita of the electron in the ground state of the
hydrogen atom, and exploding stars like SN 1987A are shaped like the 3d(Z%) orbital of the
electronin thehydrogen atom: Two dunbbdls, centered on opposte sides of adoughnut

Fig 7. Theimage of Supenoval987A (right) isfrom NASA. The drawing of the shgpe of
the d,2 orbital (left) is from the web page of lori Fujita®, who noted the remarkable
similarities in the shgpes of exploding and stable stars to wave fundionsfor the electron in
the excited (3d,2) and ground (19 states of hydrogen atom in a recent news story® on the
shgpe of SN1987A The shape of thed,2 orbital on theleft of Fig. 7 isalso like thedrawing
onrightsideof Fig. 1 for the stellar debristha formed the solar system™™.



Severa others have noted similarities between stars and nudei. Brown®™®’ and Brown and

Gritzo® discuss evidence of repested fragmentation in the cosmos to produce galaxies and
stars. Harutyunian® notes tha the steady decay and violent fragmentation of heavy nudd,
like the actinide elements, is similar to the steady produdion of stellar luminosty and the
violent fragmentation of cogmic matter into clusters of stars and gdaxies. These and a few
other papers on similarities of nude and stars are given here'®. Neutron repulsion is an
obviouscandidate for the energy source that drives cosmic fragmentation.

Conclusions

Neutron repulsionN an enomoussource of nudear energy tha probably powers the Sun and
the cognosN is an empirica fact’*"™ recorded in nudear rest mass data. Neutron repulsion
may prevent the collapse of neutron stars to black holes, cause violent fragmentation of
massive ones, and steady emission of neutronsthroughthe gravitationd barrier of others. In
this respect the gravitationd barier acts like the Coulomb barier in 28U, %2Cf, etc. Details
of theinternd structure of the Sun are not well known, but it appears that neutron repulsion
in the neutron star from the birth to the solar system (Fig. 1) trigge's. (i) Neutron emission;
followed by (ii) Neutron decay to hydrogen; (iii) Fuson of mos hydrogen during its upward
joumey; and (iv) Release of excess hydrogen in the solar wind. These processes are
congstent with information collected from space-age measurements on the early solar system
(Fig. 1), and they offer viable explanaionsfor the current discharge from the Sun of solar
luminosty, solar neutrinos solar mass fractionaion, and solar wind hydrogen.

Thusobsrvationssuggest tha nudear matter is mosly dissodating and expanding locally,
rathe than fuangtogeher and shrinkingin volume, as materia "evaporates' from the central
neutron star by neutron emission, "expands' in volume by ~15 orders-of-magnitude during
neutron decay, "shrinks' only dighty when hydrogen fuses to hdium, and then the produds
(excess hydrogen and hdium) depart the Sun carrying trace levels of heavier elements with

them. Steady neutron emission and neutron decay may occur in othe stars tha discharge
hydrogen and helium to interstellar space as voluminousproduds of this basic process:

Compact nudear matter =(dissociates)=> Dispersed atomic matter

The origin of the precursor star was not addressed here, but measurements suggest tha the
precursor star opeated much like the current Sun, as a plasma diffuser tha sorts atoms by
mass™. Nudeogenetic and mass fractionaion-producd isotopic anomelies were often found
togdaher in solids that formed early in the solar system. This puzling discovery in 1977
resulted in the name "FUN" (Fractionaion Unknown Nudear) isotopic anomelies® %,

From the above congderation we can see tha nuclear matter here seems to be dissodating
rather than coaescing (fusng together) in our smal corner of the universe, and the volumeis
expanding on the paticle scae by a factor of ~10". Dynamic competition between
gravitationd attraction and neutron repulsion appears to maintain the Sun, sustain life on
Earth, andlikely a'so powers the coamos.
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advisor in geophyscs, thelate Professor JohnH. Reynolds two Chancellors at the University
of Missouri-Rolla, the late Drs. Raymond L. Bidinghof and Gary Thomes, and the late
Nobd Laureate Professor Glenn T. Seaborg, who became an active opponet of tyranny in
gpace sciences near the end of his life and agreed to co-char the 1999 ACS Symposum on
the Origin of Elements in the Solar System®°%*2%¢7 " gumort is gratefully acknowledged
from the University of Missouri-Rolla (UMR) and the Founddion for Chemica Research,
Inc. (FCR). FCR granted permission to reproduce figures from earlier grant reports.
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