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- A _FORM FOR MATTZR .,

by Alvin J. Hebert

Providing a home for the neutrino leads"

to a theory of gravitational symmetry.

Alvin J. Hebert
PhD in Chemistry
University ef California

Lawrence Berkeley Laboratory
~ Berkeley, California 94720



The Ccncent

It is_suggested that circularization of the Poyntiﬁg
ventor of = photon accowrpznied by half'infegral heliczal
polarizaticn of the electric and magnefic intensity vectors
in a right or left handed mode accounts fOr the phenomenon
of charge and the occurrence of stable matter., Helical
polarization can be visuwalized by considering a Mﬁbiﬁs
strip with half or whole integral numbersrof twists and
with the surface of the strip corresponding to the magnetic
vector plane of a photon., Mobius strips are shown in
Figure 1. -The volume swept out by a rotating strip
corresponds to a torus, or, if the radius becomes zero,

a sphere. An integral helical‘polérization corresponds

t0 a neutral particle. A half integral change in the

helical polarization.of a nucleus is considered equivalent

to a beta decay or electron capture event, while a whoie

integral change is considered equivalént to a gamna decay.
| " This form for electromagnetic energy provides a
symmetrical spacial framework for charge. mattex and

antimatter,
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The Hybothesis

If a correlation between nuclear binding energies and
helical polarization energies exists; it should 2llow the
formulation of a relationsh}p for thé.relative abundances
of the'isotopés. It is therefore hypothesized that
heliéal:polarizatiOn energy corresponds to neutrino energy
and that:this energy is retained by a nucleus.as binding
,energy‘in the beta decay process. To test this hypothesis,

the expression
(1)

is used to caleulate the relative abundance, N, of each
'stable isotope, where E is a function of the average

neutrino energy, ahd T is a measure of the nuclear
temperature. E is calculated from beta decay Q values while
T is assumed to be prOportionél to |2 — Zyl + where 2 is the
nuclear charge and ZA corresponds to the point of minimum
energy fdr mass number A in an average neutrino energy versus
Z parabola. This is similar to a binding energy versus 2
parabola for beta decay(l). t is assumed that the observed
- beta decay energies exténd to or near to a common higher
enérgy cohtinuum which served as a source of the isotopes;

The average neutrino energy is given approximately by

Evp-= 3(Qp + (511 MeV) | (2)
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when Qg-> 1.02 MeV, and where Q values are given in the

Tahle of Isotopes(2).

Eyg- =5 Qp o o ®
when Q- < _1:.02 MeV; and

Eygt = %- (Qge — 1.02 MeV) (4)
for positron decay when QEC > 1.02 MeV, o'r“
where QEé cbrresponds to an electron capfure event. Alsc,

w :g-

when the decay scheme is complex with rough.ly 50% '6+ decay, - or

= 1 ‘ ‘ :

.when the decay scheme is complex and there is roughly 70%

ﬂ+ decay; and

-1 5
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A.J; Hebert page 5

where EY is the gamma ray energy.. Equation (8) is used only
where other data are lacking. It corresponds to stating that
the recéil momentum of a gamma ray is_absorbed by the nucleus.

Equafioné (2) through (8) were used for the calculations
reported here. They were especially useful in cases.with
complex_decay schemes. In spot checks..the values were found
o égree Qell with cdmputer calculations when it was éssumed '
that the average neutrino energy was equal to the Q value
minus the average beta energy (3). The agreement was often
of the order of 1% fafﬁ"decay and of the order of 1 to 10%
for B * decay or mixed ‘9+ and EC events, |

A-va;ué of ZA for a stable iéotOpe is obtained by
esfablishihé the minimum energy poiht in a Z versus ‘Vi?

pérabola, or
‘\/ e /
r@- .
w\/\ VV
16 -

)In the cases of He3, Lié, Li7 and 07, Fermi's formula

A
1.98 + .015 A5

YA = (10)

A

4

was usced to estimate ZA’
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The temperature for a given transition is taken as
T, = [2-2,] . (11)

where 2 éorresponds.to the nuclear charge bf the isctope
prior to dgcayo |

Each neutrino energy divided by its transition
temperatﬁré’is then added to any other isotqﬁe, i; on the
szme side éf ZA té give the sum |

é/ By | - |
iV T . ' _

Z i

One value of S is thus obtained for the sum of {éu-/ TZ]i
values for g~ transitions, and a second for the sum over
ﬁ3+ or EC transitions. N

Thevquantity T is introdgced to provide a temperature

riormalization among the stable isotopes,

i 62 —
(B.E. at Ni°%) _
= 62 - C(13)
{(B.E. for stable isotore i)
Ay

where the binding cnergies, B.E., have been tabulated by
Wapstra(4). For most isotopes this corresponds to a small

(less than 5%) correction to the nuclear temperature.
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The abundanCe.of a stable isotope is then given by

S
N =10

3

(14)

which is equivalent to equation (1) with S = E/2.303. The
larger of the two usual beta décay summations is then used

for abundance calculations.,
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Isotopic and Elemental Abundances

The resﬁlts for the abundances of the .isotopes are
shown in Table 1 along with observed relative terrestrial
abundances(2). The agreement between observed and
calcuiated.relative abundances for many of the isotopes
is good considering the rangé of the values, the accuracy
and completeness of the data, and the simplifying
assumptions ﬁséd. o

The hypbthesis is further tested by éomparing
reported cosmic elemental abundances(6) with those calculated
from the isotopic abundances given in Table 1. The reéults
are shown in Figure 2 where the data.have been shifted to
agree at a silicon (Si) abundance of’104. Here both the
pattern and the.magnitudes of differences between most
neighboring e]éments are in good agreement. The agreement
Tor the light major elements is, in severazl cases, exceptional.
The temptation to introduce a parameter to obtain betﬁer agreement for the
heavier elements was abated by also plotting values in Figure 2 for a well
studied type Ap star, az Canum Venaticorum (aZCVn) as given relative to
normal stars(?j; Isotopes with the same A in most cases have a partitidn-
ing of abundances that favors the greatest 1og10N, in agreement with theory.

The effect of this on calculated relative abundances has not been included.
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Form, Charge, and Masmetic Moments

The magnetic moments of the neutron, the proton, and
the electron have been measured very accurately. Therefore
they are used here to provide a more rigid test for the
suggested form, |

It is.hyﬁothesized that the magnetic moment of the
neutronvarises from two resonant charge modes vhere the
positive.mode is shielded in a transverse resonance so as
to appear étationary with respect to the spinning hegative
mode. At the instant of neutron decay, the outer toroidal
negativefsufface begins converting to a spherical mode
that is.émitted as an eléctroﬁ, leaving behind a spinning
toroidal ﬁrOton.

Y torus with eqﬁai radii of revolution'and cross—
section is_shown in Figure 3. The Spherical electron mode
'is assumed to have the same radius. The surface area of
the torus is bw2r?, The surface area of the sphere is
.4ﬁr2. Assuming thaflihe magnetic moments are proportional
to charge surface area gives unzrz/hﬂrz = 5t for the proton-
electron ratio, 2nd *%(hwzrz)/Uer = ~-%% for the neutron-
electron ratio. The unit épherical electfon moment is
initially uhcorrected for mass differences. The factor —}%
for the neutron is interpreted éé the ratio of charged
spinning surfaces to number of surfaces with the minus éigﬁ
“denoting a charged surface arising from an even number of

surfaces in transverse modes.
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The experimental values are pg = 2.79278217 for the
rroteon and Py = -1.9131&88§§ for the neutron in nuclear.
magnetons; ﬁhere the underlined digits correspond %to the
srror at the positions to their left; eh/2n%>c is one
nuclear magneton, e is the electron charge, { is Plancks
constant divided by 2w, mpis the proton mass, and ¢ is
the veloéity of light (5), (8). The magnetic mcment of
the electron is reported as;&3==l.0011596bbz Bohr
magnetons, eﬁ/Zn% ¢, where m, is the eleétfon mass(5).

The discrgpéncies between these values and ﬁhe above
theoreticél ones are of the order of 10%. However, the
sum of the.theoretical absolute values of the proton and
neutron'moments,(B/?ﬁn yields excellent agreement (at the
.001% ilevel) with the experimental absolute value sum in
neutron magnetons, eh/21%1c, where mﬁ is the.neutron mass.
This suggests a single correction moment which adds to the
theoretical neutron moment and subtracté,ffom the theoretical
protpn momeﬁt. An empirical correctién moment that will
give good results can be calculated from either of the
experimental moments, or from their experimental ratio,
however a value deduced from the geometry of the situation
is preferred.

It is‘assumed that the theoretical neutron'magnetic
moment ié increased by é latent electron contribution that
slightly changes the effective surface area., The correction

mement is #ssumed equal to the product of the svhere to
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torroidai'neutfon charged surface.area ratio, 2/%, and the
scaling-faétor ﬂ3/17§;1:whéré 1/2% is fhé éodbled volume of
‘a neutron torus with radii 1/2w and two unit surface areas.
The valﬁe7l/2w‘élso corresponds to the change in apparent
radius”bf a unit circumfereﬁce Méﬁius-loOpgin éhanging‘from‘
anveveh:to_ﬁdd.or from oddﬁto even helical_polarization mode.

- The correction moment is then given as

= 2V T peutron magneton: 5y
mg =5 \/ 3y neutron mggnetqns (15)v

0}3h50008514 neutron magnetons .

i
- The theoretical moments and experimental values for

comparison are given in the following summary:

Uthéorétical

By == ng neutron magnetons (16)

it

2.796591802 neutrohjmagnetohs

ppp&)/mn 2.792732559 nuclegr magnetons

~ experimental -

' ‘p?'='2479278212‘nuc1ear magnétons :
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theoretical
A, = -.[% + pc]' neutron magnetons (17)
= —-1.915797178 neutron magnetons
Hnn&>/hn = ~1.913153414 nuclear magnetbﬁs
'expérimental-.

Po = - 1.913148§Q.nuc1ear @agnetqns

The ratio of the neutron to proton magnetic moments

has been measured. The value reported by Ramsey(8) is
- ,—“I= 0.68503912 -
nl ° nie
the present theoretical value is
—-’1‘: 0.6850471263 ,
Pl
';Any»ihaCCuracy in the theqreticél~corréction moment would

be most sénsitively'detectéd by,the.experimental:ratio.

The electron moment initially inferred from the above

as

ratios is .
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m : .
_2- - ) X . : . .
Pe m 1 neutron magneton , .- (18)
Qr, - P, = 1 Bohr magneton.

A correction moment for the electron is expected to add to
" this value and is taken as equal to the charge to magnetic

flux’quantum ratio

e

hc7e

and thPS' pe =17 Hﬁ?g Bohr magnetons (19)

1;00116141iBohr'magnetdns
" while the reported value is
P, = 1.0011596L447 Bohr magnetons(5).

The charge.to magnetic flux quantum ratio is usually
given as u(/éhr and is the correction term given by
Schwinger in his relativistit quantum electrodynamics
theory fbr the anomalous electron moment(9). It.is
reported iﬁ the above manner for reasons to be given later

<

in this paper.
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Gravitational znd Nuclear Binding Enérgy

The éuggested form for matter is assﬁmed to give rise
to large attractive-fofces near the center of the torus,
such as shown in Figure 3. Chérge occurs around the center
of the circularized rofating electric and magnetic vectors,
The central aréa may be very small or a region of ‘slightly
’ overlappiﬁg intensity vectors. Equality is assumed between
the rést mass energy, Er’ ahd the gravitétional energy, E

g.

E

2 : .
== 2R =1 ~ (20)

where m is the mass of a particle, G is the gravitational
_constant, ¢ is the velocity of light and r; is ihe radius
of tke central or inner torus area. For a proton, Equation

(20) gives
r, = Gn/2¢° = 6.21 x 1077 cn . (21)

This is equivalent to stating that the relativistic

gravitatiénal red shift dy», of frequency Vv is(9)

Vo= 2 (22)

Jv =

2
N3

rc

which is tHe expected symmetrical red shift plus biue shift>
. for a circularized photen with centrally intersecting or

closely interacting intensity vectors.
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The ratio of the energy of a photon, Ep’ w1th a wave-
,1ength“A correspondlng to r, ,_to the rest mass energy of

is

a proton, Lr'-

hv _ hce = he — 2hc (23 )
P2 hand b
me? mclA . mczﬂ}m/ZCz) Gme

énbm
0
!

where m is the'proton mass and h is Plancks constant.

Inserting the constants yields

=2.13 x 1039

"mf |

The ratlo of the electrostatlc or cnarge energy, EC.

! of a proton

at the same rad1u° 1s

E 2 : -,
&= € =1.236 x 1090 . (24) |

From equations (23) and (24) the photon to charge
energy ratio for a gravitationally bound‘particle;is

therefore

B o _
2 = 2he = 1922, 045 o (25)
e e .
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or bw/oC where &K is the fine structure consiant.

Multiplying this ratio by the ratio of the electron radius,
2

r = e2/2mec

o , to the Compton radius for a proton, ry = h/mpc

gives

Er ) L
v e 2he « _¢ o D _ b .y
Er - 2 - (26)
e p e 2mec

=
-3
o®

This is an expected partitioning ratic for energy, but it
corresponds to a 7% change in radius or enefgy ratio from
equation (25)c The change is close to‘thé ratio of the
correction moment, Pos to the change inbnuclear magnetic
moment, (3/2)1, in neutron decay, thus lending additional
weight to the théory that the neutron is larger with respect
to eiectrbétatic enefgy or effective surface area thén the

proton.
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Fundamental Constants and Ratios

Dixon has shown that mass ratios of the protdﬁ,7the |
neutron, the electron and the strange partiéles ﬁay be |
obfained as intégers from values of a hyperbolic sine
functionjwhére_a base number for the electron is taken

6

2s 2° or 64(10). He gives no reason for the striking

agreéments. The torus shown in Fig. 3 has a radius defined

by

- |
r= sinhn (27)

vinrtdnﬁ@alli coordinates whefe a is a constant. The present
theory thus'predicts a strong cbrrelation between fundamental
;physicél cbnstants or ratios-andlthe hyperbolié sine function
éspeéially for r = 1/2n where arcsinh 2w =l2.5372975, a value
that méy serve as the ratio.of the neutron-proton mass -

"difference to the electron mass. With respect to the Dixon

base of 26 for the eléCtroanass, it is found that
sinh(26) L L
R = 1722,156, (28)
sinh(3%«2n) . . E ‘ _

'a ratio very close to that given by equation (25), and
-corresponding_fo a value 6fhl/13?.0U5:for the fine structure

constant,
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It is noted that sinh 2w = 267.7, which is close to
the average piqn.fo electron mass ratio. vIt is also noted
that sinh.x'= sinh (x + 2wi), which should be of help in
understahding charge and its relationship to the
mathematicéi concept 1. |

A value for Avogadro's number, N, is also found at

“the 18 resonance

N

1l

Wi

sinh (32°2w) = 6,034 x 1023 mole T (29)

where the numbér 3 may denote the‘number of dimensioné that
the particle in question requires. This value for N is |
thought to correspond to a neutron mass scale and division -
by the factor'(mn/hp)(l + me/hp) = 1.00192727, gives

N = 6.02264 x 10°7 mole™ , in agreement with the unified

mass scale value of 6.,022529 x’lo_z3 molefl(Z).

| The aésumption of equality between rest mass energy
andbgravitational energy ied to‘Eqn. (21) and an inner

torus radius ri'prOportional to Gy the gravitational constant.
It is expected that a ratio involving so fundamental a
dimension should be present as a resonance value. This
wéuld provide a theoretical value for G and perhaps shed

moré light on the subject of gravitation and its relationship
to the present form. The necessary value is obtained at

the 251r or 32w resonance. The radius in Egn. (21) is then
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obtained from an intuitive match as a ratio

r. . r o S
i 2 I (I
r_T.sinh (32w) T, mN ° (30)

el

Inserting the equations for,rp and ré, equating r; to

Egn. (21) and solving for G yields

2
_ 32w o1 . ke
G = SGinh32 Cnp);" N (Ze) (31)

and,

2

6.6741 x 1015 dyne cm? g "

0
it

when the unified mass scale value of N is used, and

= 6.670319335 x 1070

o
|

dyneﬁcmg g2

, : mn . '
then the value N = % E§ sinh (18w) = 6.02592 x 1023 moie~t

is used. The experimental value is

8

G = 6.6705 x 10~ dyne cn? g-z ,

and thus both calculated values are within the experiment=zl

L error. _
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In superconductor theory the magnetic flux in the hole of
a ring.or'torus is an integral multiple of (hc/2e) where
he/e is thé quantum of magnetic flux. vThe quantity
(hc/2e)2'isAproportional to the free energy for charged
suberconducting particles(ll).. Occurrence of this
quantity in Equation (31) suggests a connection between
gravity, wﬁich'is ﬁhe nuclear force, and magnetic flux
quanta. Magnetic flux quanta should fit nicely into a
torus with a helically spinning superconducting charged
surface, a surface that repels magnetic fields. This would
be iﬁ,keeping with the symmetry in nature, with like units
of chargéfbeing repulsive énd like units of magnetic flux
éttfactive;; o

The symmetry of charge conservation'sﬁggests a éecond
magnetic flﬁx quantum that conserves gravitation and is
repelled by the first. The electron has abtendehcy to fly'
out of neutrons and it thereafter spends very little, if any,
time in a proton. It is thus regarded aé a prime candidate

for possessing antigravity magnetic fluxIQuanta.'
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Summary and Conclusions

In maﬁy cases the predicted values for isotopic and
elemental ébundances are'unsatisfaqtory. This could be due
to several.inadequacies,‘and 9xperimenfa1 checks on the
‘isotopes‘of‘avfew elements such as nitrogén, oxyvgen, sulfur;
bcalcium,_barium ahd osmium should serve to fine tune the |
théofy; Disérepancies coﬁld then be easily checked
experimentally with predicteé’decay energies arrived at
from’measured abundances. |

‘KA‘fine_tuned theory may leéd to accuracies whigh-will
allow'predictions of the age of thg elements, with cross

- checks between elements such as strontium and rubidium or

[ 2

rhenium and Qsmium. ‘?h present predicted abundances for
the uranium isotopes giye an,ége_of 5x 107 years when the
éémma ray déta are used for bﬁth isotopeé, and a value. of
-6 x 107 yvears when the beta decay data_fof U235 are used.

| The mass deficit evident in Figure 2 for the observed
heavy élemenisvis quife close to the mass excess observed
vabove thevtheoreticai values for manganese. iron and |
ﬁickel. The drop in uranium abundance would cause an
| almost complete loss of U235_if natural decay qccufred
smqothly,'sé»a different process is called for if the heavy
eiémgnts arexto convert to iron éver thé same time span and
Qifhoﬁt affecting isotope ratios. One_answér is in an
eﬁplbsion 6 x 109 years_ago that converted ﬁeavy elemenfs.

to iron, followed by re-equilibration of the remaining
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heavy eléments in a high energy continuum. This is
equivalent to time zero plus more iron and less heavy
elementsvin a closed‘system. |

'The‘nﬁclear magnetic moments predicted from the
geometficai considerations of this theory,afe in
'excellent.agreemeﬁt with measured values. The predicted
magnetic moment for the eléptron is in agreement with
the reportéd value to.within 2 parts in 106. Thié is
as eipected because the same correction moment is used
here for the electron and in quantum theory. The reported
value has an aécuracy of 7 parts in 109. The correction
term used heré. éz/hc; is given as a mass ratio and can
be thought of as the ratio of unit charge to unit magnetic
flux. It is expected that better agreement will be
obtained whén further gravitational and antigravitational
_correctionsvare made. ﬂ

It is concluded that the anomalous electron magnetic

moment arises from a mass effect. Thé_faét that the
'obéerved laboratory electron magnetic moment corresponds
to what would be expected for a 1ighter electron supports
this. | |
The gravitational theory'presented here is further
_supported'by corisidering thé energy'necessary to transport
an electron from a hydrogen atom to infinity as compared
to the energy necessary to transpecrt an electfon from an
infinite ma2ss hydrcgen atom to infinity. The difference
s very small and is in direct conflict with gravitational

censideratiens if the electron has normal gravitational
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mass.' The difference is Reg — Ry, where Ry is the. Rydberg
‘constant for an infinite mass hydrogen and Ry is the Rydberg
constant for hydrogen. The difference is due to the

appropriately named reduced mass term

aﬁd is very close to The value Ry me/hp, and within
Zr;/Rg,rp.of /21, Taking the charged proton mass as zero
‘in a?stahdard derivation for.the hydrogeh atom(12) yieldsv
an energy to transport fhe elecfroh to infinity of Rgy e
Tﬁisvis greafer than RH which_contains the reduced mass
term. rTﬁisAis not in conflict with gravitational
considerations., Thus it is demonstrated that more energy
is requiréd to transbor% an electron from ézze:O'mass
vchargedrprotbﬁ to infihify than frpm a préton possessing
masé and charge to infinity. The elecfron exhibits é
reduced méss'iﬁ tﬁe‘specfra 6f the hydrogen atom and with
réspeét tdvité ﬁagnetic momeht, Thisuis a result of the
symmetiyvof_charge, where oppcsites attraét and 1ikes
repel, and of. the symmetry of gravitatioﬁél-mdgnetic flux
quaﬁta where likes attract znd opposites repel.

If two electrons can be in a common svmmetrical
non-repulsive environment with respect to charge, they
should_couple or péir gravitationally as in molecules, with

an energy corresponding to the reduced mass., An analogous
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situstion occurs in helium where two protons pair in the
environment of two neutrons and two electrons.

A reassuring pro6f for these gravifational
considerations is provided by inspection of Table 7-1 on

page 216 of Semat's Introduction to Atomic and Nuclear

Phusiq§(12), where the dépendencé of the Rydbefg constant
on the mass of the nucleus has been tabuiated. It is

. aﬁparent that the addition of_a neutron, with its latent
electron, to the proton nucleus, gives fise to a measured
‘increase over the-calculatedﬁtheoretical eléctrostatic
energy necéssary to remove an eléctron tovihfinity'wit

no increase in electrostatic Charge. The same occﬁrs!in:

the case of 3L16 and 3Li7

y but the increase in energy is
smalier. . o |

In conclusion, the suggested form for matter has
‘provided methods for calculating isotopid'abundances,
magnetic moments, éome fundaméntai ratios in nature, and
a theory of g.ravvi tational symmetry. It has been demonstrated
that helical polarization energy is equivalent to neutrino energy, to

nuclear binding energy, to gravitatibnal energy, and to magnetic flux

quanta energy.
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CAPTION FOR TABLE 1

Log, N values that in#olve particle unstable states are
given in paréntheses and are notvused for relative
abuhdance calcu1ations.v A few with pareﬁtheses are based

on estimafes and are not used for‘éalculafions. Helium was
included for cémpleteness, aé was hydrogen. A Q value for
hydrogen was estimated from the 2? decay data(5). Values
calculated from Ey are underlined. A + beside a’valué
dorrespond§ to a decay scheme which has a missing‘transition

energy.
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' TABLE 1
'LOG ISOTOPIC ABUNDANCES (Log10 N) AND ISOTOPIC PERCENTAGES

Isotope Calculated Calculated Terrestria%
: Log10 N Percentage Percentage

Lt e eeee et raeeeenaeteetnesniooaetnesnenetatanttnsaonnes
H (162) 100 100

He | , o1

We> ook 1077 ok

He“ (10.3) (7.8) 100 100

1i® 53 . 68 A"
1i’ o .20 32 92.6
Be? - ;zg | | 100

B11 32 .97 99.7 80.0

..00.'000..!.‘l.ﬁ.....'.....l_O....l.......lv....ll.....Q..C.

c® 70 7.3 99.9  98.9
cl3 8,16 b,01 06 1.1
N 6.16 1.16 99.8 9946
N5 3,39 1.4 .2 RN

¢ 0 0000 0¢T OB OQB LS LB OEO 00D HONLEOOIOOOGOSOE0SOIEIOPIOVNSSOTITEeSEESE
» A

o6 7.52 999 99.8

ol? 3.10 3.10 .00k . Ol
ol 410 2.05 - Los o

©0 0000 CGC00LOEEEEEN0ACECOOEEOIPIOILCELOINOLOIBOCOILOOS0OCECEE0Q0ECEIETSEOROOD
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TABLE 1 continued page 30 -

pt? 2,07 1.33 . 100
Ne20 | 5.27  5.46 95.4 : 91
el C2.42 2.26 .09 .03
NeZ? EURENT w6 8.8
Na®3 2,10 1.66 100
Ng2d 1,96 4.67 19.1 v 10,2
Mg 3,45 3.13 1.1 114
#2127 L 1.60 1.76 100
5120 3.87 5.11 92.5 92
5129 2,02 3.88 5.5 4,7
5120 3416 3.45 2.0 34
p31 1,22 1.81 100
532 1.85 4,27 9.5 95
SR 2,37 1,2 - .8
g34 © 2,65 2.39 2.3 | 4.2
536 | .56 .019 .015

€ e 08 8o 5 0 00 80 0 8 0¢ @0 20 00 08O C eSS P CO O S YOO OP O NS SIS CEOSETOCOSESEEOITVES
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..0..l...“..0.'...‘..‘..'..0....0.....0..‘..'..I‘......l(.

c13?7 2,03 (3.49) 78,4 24,5
}Ar36 ' 23 , 02 S I
Ar38 ... 3.4b 4,00 86. 6 Lo « 06

A0 319 1.9 99.6

13. 4
W TH

k39 1,96 1.85 86.8 93
K0 | o . a2
k*1 1L (2.79) 13.2 6.8
ca0 1.67 b, 5k 97.3 97
ca®? - 2.2 2.68 PR .6
¥ .99 2.2 5 “ .15
ca'** 243 1.73 .8 24
cal*6 0 o .003
Cal"8 o ' 0 o o2
R AN | 100
136 1.75 2.53 b0 -8
n*? 2,37 .78 2.7 7.5
8 2,03 2.40 3.0 74

3 %9 2.39 1.16 2.9 5.5
0450 3.87 1.8% 874 5.3

..l'.l.00!.l.l..’l.’.....G‘.l.vlto.ﬂtti'....00..0.0........
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v30 | 0 | _ 3
vol 1.27 1.0 100 99.8
cr?? 99 1.18 2.6 b3
cro?. 2.19 2.69 82.7 84

cr®d 0 1.55 1.7t 8.6 9.6
M 1,07 1.53 100

res* 2,45 22,7 | 5.8
re7 1036 1,79 5.0 2.2
Fe’® 15 2.2 tho0 .3
co®® - 1.0 2,02 ' 100

'.OlQOIO’IlQQOCOi'll.‘Cl.'0.l.....'..'.l.0.'0'0000".'....l.....'

N3 58 - 2,38 27,7 . 68
N1 60 -
ni 61 2,06 2.12 15,2 f 1.3

Ni 62 2.46 2,40 33.2 3.7

1.92 2.31 - 23.5 ‘ 26,2

[ I Y B BE BN BN BN B I I I BB NRY B N R A B RN B AN RN BN NX NN B B RN BB RN RN BN N RN RN BN RN I B RUCRY BN BN RN B R R )

Cu65 1.20 (2}72) 24,5 _ 30.9

Ql‘O‘t..!d.lot‘O'.lc..l.00'.0."...0.'0._."."..!0010..'.!
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Table 1 continued page 33
'zhé“ | .73 2,05 5.4 | k9
2nb% 1.86 3.24 84.0  27.8
7 1,68 1.94 b2 4.1
7n®8 2,12 1.67 6 18.6
zn?® o .6
ca’? 1,08 1.9%  48.2 | 39.8
6™ 1039 245 13 20.6
ce’? 2,39 2.50 32.0 2748
Ge”? | 82 1.29 2.0 | 7.7
Ge76 1087 v 705 707
"A§75 1.72 1,88 B 100
se 7 : 1,09 1.40 3.0 '.9 '
se70 1.87 (2.73) 8.8 9.0
Se78 2,38 1.52  28.6 23.5
se0 © 2.63 1.63 50.9 49.8

l..l.'l".0‘......0500.'.......CO'OOUIOQOQQQQ‘.I..‘...._I..‘.

Bp? o C1.b .70 204 50.5

prol 1.73 1.30 79.6 - L9,s

LI I B B AN B B D LB B I R B I Y N B B B AN B RN B BRI AT B Y BN B RE N S I I I IR S I R N A ]
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Kr78-

80

Kr82

Kr83
84

84

Kr

Kr
Kr

0 .35
1.70 .72 10.4 2.3
1.7 1.80 12,9 | 11.6

C1.54 1.24 | 7.4 11.6

2.38 1.98 49,2 56,9
2..0 ) 20.1‘" 17.""

L BN B RN I B BN B B B RN BN B BN BN RE B B RN BN BN AN BN K BN BN BN BB BN BN RN BN R B BN BN BN BE BE BN BL BN BN BN BN BN AN BN Y )

RpSS

Rb87

1.54 1.57 5.5 72,1
2,81 1.49 94,5 27,9

€0 00 0600003000000 0 0000000000000 C00I00c¢eosRstlovecosOOsRensser

8L
86
87
88

Sr
Sr
Sr
Sr

65 .90 .08 - .6

1.57 3.23 17.4 9.9

3.21 2.01 16.6 | 7.0

3.54 3.8 66,0 . 82,6

L B B S BN B B BN BB SR BE BN BN BN B BN BT BN BN BN BE N BN BE BN BN B BE BN BN B AR BN RN AN BN BN BE BU BN U BN BN AN BB BN BN BN BN BN NN AN

v89

3.27 3.06 100

0 00 000000 P CEOIERIVEONOEOCOIPIREOICOEVIEEOPSIOPIENBIOOIOOOEIOEOEONOSOODEOETTE

Zr90
zr?
Zr92

ngu
| Zr96

3.85 3,14 40,0 51.5
3.36 2,09 13.0 _ , 11.2
3.91 1.86 = 146.0 17
2,04 W6 17.4
1,84 | b 2.8

T 08 6 8.0 00000 00COEOS00NQ0080000000C0tPPOCLOSPNENINOCEORQOEITIOCOERUOVPROOO

N9

2.73 2.33 _ 100

€ 6 05008 02 06088 08O GBS EO RO 000 ERVC DSOS 00000 E80e0 Gt gsse
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Mo92 T 9.7 15.9
Mo OH 1.50 2.36 B34 9.1
M2 1,87 1.63 14,0 15,7
Mo9% 1,72 1,57 10.0 16.5
mo®7 1,57 1.57 ¢ 7.1 9.5
me?®  1.60 7.5 23.8
Mot 1,64 83 9.6
ra%® 0 5.5
r?® 1,20 1,44 2.6 1.9
Ru?? 1.66 1.51 b3 12.6
Rul00 2,05 2,52 31,0 - 12,5
ral®l 1,57 1,25 3.5 17.0
rul®? 2,76 2.16  53.8 31.6
Ra% 171 1.17 4.8 18.9
Rn103 | 1,20 1.36 . 100
pal0% 1.25 (2.57) 2,96
pal®* 151 2.6 19.7 11.0
- pal®5s 1.82 1.55 9.0 ' 22.2
pal® 2,03 1.97 14,6 27.3
pal®® 2.50 1.52 bha1 26,7
- pgllo © 1,73 1.87 10,1 | 11,8

06 680 ¢ ¢ 0 & 8 O 450 000 S & 05 O0C OO SO 00O ECEC O PG OO OCOOOBSRGEPOEPSEONCETSETOTIEEPOE
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2107 1.73 1459 68.1 51.4
agl09 1,13 1.40 31.9 48,6

.'0000.CIOIGV..'l........l."’.l..l"'..'.O."C..‘CO.'O..O.

106 .90 1.9 1.2

Cd
cql08 1.29 1.20 4.6 | .49
call0 1.73 1.87 - 17.5 1204
cal 142 1.63 10,0 -~ 12.8
cqtl? 2,18 1.83 35.7 24,1
calt? s 1.3 12,3
cqll¥ 2,04 1.22 . 25.8 2849
cal®® 1,13 3.2 2.6
mil3 1.0% 1,55 651 | k.2

mils 1,28+ 34.9  95.8

snil? .46 | .03 1.0

snli¥ 1.52 1.12 S .7

snil> 1.90 2.30 2.3 .3

sn110 2,14 3,45  32.8 14,2

sntl? .

1.94 2,30 2.3 - 7.6
sn'18  2.bh 3,66 5301 24,0
119 2,08 .75 1.4 8.6
sn1?40 2.78 2,36 7.0 33.0
ni?2 1,20 1.56 b 4,7

1.32 o2 6.0‘

f '
G 008 00 O 00 02 C e C ¢80 E L O ST EC OO L O QO SO O0 0P OPEECESILEOROOS SOOI OGS
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sptel 1.61 2.20 - 69.6 57.3
spl23 1,56 1.84 30.4 42,8

..C..IO..l........'..Qll'll..l..‘...._.‘..'....00...‘-.0.0

1e120 1.25 2.6 A

7e122 1.56 1,71 7.6 2,5
rel?3 1.84 10,2 .9
rel?* 1,69 1.97 13.7 k.6
7125 1,00 1.68 7.0 | 7.0
7e 126 1,98 1,55 .1 18,7
re??8 245 1.8 81,5 - 31.8
1e130 1,35+ 3.3 34,5

127 1.86 1.35 | 160

.’.....00.‘0.....'.I...l“..‘...'....'..l..G.OQ....O...OC..

xe126 96 1.32 342 | .1
xel?® 1. 2,08 18,4 | 1.9
xel?? 148 2,20 24,3 26,4
%130 1,77 1.89 1.9 ko1
xeldl 1,76 1.87 1.4 21.2
%2 2,07 1.79 18.0 26,9
xeld% 1.5+ 2.2 | 1044
xel36 1.8 10,6 8.9

s q2m 128 . 100

..C.'GOIDOO...'I..Q..ll'.'..'.QO.CO..'.l.QQ..I...C.'OvO.G...
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. OO RO OO Q 008209 000008 0000 Q8C B0 CO 0000000 800000000 Oe 40 seOel

Ba130 .28 .81 » 4 ; ol

B3132 089 .90 ' .8 . 2

pald% .83 2,04 11.2 o 2.6
Bald5 1.39 1.16 2.5 6.7
Bal36 1,59 1.78 6.1 8.1
Bal3?7 1,77 1.80 6.k 11.9
Ba13® 2.85 1.35 72.2 0.4
La138 ' 0 v .09
1al39 2,56 2,34 100 R 99.9
cel36 7 .7 .2
cet® 96 1.12 1.7 | .25
cel®  (3.59) 2.84 914 88,4
celt2 1.67 6.2 11,07

".".00.'0080.0l.O!‘...Q"QIlC....'OlQ...OOIO.QQQ.Q.....‘O

pritl 2.12 2,01 100

-

08 8¢ 206 €060 £ 0 000 C 08¢ 00080000 08> 00 80006 0cee o0 vseoteosne e

Nal%2 145 1,77 5.3 27.1
155 1.59 1.92 7.4 12,2
1k 2,80 1.52 56,4 - 23.9

5 4,37 2,22 14,8 R 8.3
146 '

Nd
Nd
Nd
Nd 2.21 1.19 14,5 17.8
ng148 1,22 1.5 5.7
ngts0 | o 5.6

¢ & 06 C 00 2 0 ¢ & O C PO T OO0 OO COLY SE PO B OGS OO NS REEC OB RPTOOEDSTESE SO
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00 0 0020090 88 000060000 00800800000000680c¢008 000000 006000068000 0000

smi* o 1.29 8.0 3.2
smi*7? . 1.28 1,36 9.8 . 15.1
sm1¥8 1,58 (1.86) 15.6 11.3
smiH9 © 1.20 .98 6.5 13.8
smi50  .1.79_ 1.56 | 25.2’ 7.5
snl52 172 1,33 21,5 26,6
smi5¥ 1,53 13.9 22,5
gul5l 1.5 1.7 bok . 47,8
!’ - 96 1.48 50,6 52,2
cal®.  1.50 (3.68) 17.9 | .2
cal 1 (1.91) b5 2,2
Gals5 .85 1.03 6.4 15,0
cal®® 196 1.52 32.6 ~ 20.5
cat’? 57 .78 ERA 15.7
calss 1.5 .91 19.6 L 2b,7
cq160 1,02 5.9 21,6
mw® L9 on - 100

pyl56 o we a aes
ny!5% 82 am 1.5 | .1
py'0 1,34 2,19 36,0 2.3
oyt 19 199 22,7 18,9
pyl62 1.7z 1,98 22.2 _d' 25,5
oy163 T 409 _1.09 29 2h.g
Dyl6% 1.78 1,27 k.0 81
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€0 0 Q@ 00 Cs I T O OOE BT HEC 8 GO OO 000000000 S0 00060080 ¢ 00¢00000¢c0tanvoos

H0165

1.00 1.65

100

8 8 0 8 80 8 0.8 05900 050 002 0 000 000000 PY SO BB IO L O 00 IE SO s At el el s

Epl62

£ 16k
£p166
Er167

168
i70

Er
Er

1.51

1,01 2.08
1.48 1.84
<73 2.36
1.63 1.26
B4 .69

6.3 14
2h,1 1.6

. 13.8 33.4 -
45,8 22.9
8.5 27,1
1.4 | 14,9

9 ¢ 9080 00500 0000000000000 08000° 080008 stssor00CPROOGOSBOIBSBOIEPTEIDPDEORSDSITIDYS

1169

1.06 1,22

100

® 6 08 0.0 F 000 0 0P CP OO PO PO PADCON OO ON OO OSSO RNOSIEPSOPOOCEPSPPBROEOIEOETCTOTOTSOS

Yb168

Yb170

ypl71

172

ypl73
ol 74

yp176

1.03
.89 1.67
.85 .6k
1.59 (3.02)
.76 1.23
73 W72
.83

8.1 .1b
35,3 3.1
5.3 14 .4
29.3 218
12.8 16.2
b1 31,6
5.0 12,6

2000 00 08 00 00 80 000600000 CREOENRACTROOBOOPEROBOEQROIOPOCQEOINCEOREONOEBOETDEO

Lul?5

Lu176

Hf174

176

net?7

el?8
Hf179

HleO

1.06 1007 -

100 . 97.4

L A B I B B A B BN R B BN BN A BN B BN BX IR B RN BN IR BN BN A BN RN BN BY BN AN BN BN RV R BN AN NN N BE B RN I Y 3 N Y )

.88 (1.93)
<99 (1.79)
1.29 (1.83)
60 1,60

., 1:“"? 089

0 . .16
7.1 5.2
9.2 18.6
18.4 27.1
37.5 13.8
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Ta180 ‘ A 0 o ' .01 }
o181 L7 1,56 100 99.99
u180 A2 2 2.5 | o’
w182 1.43 (3.55) 25.3 - 26,4
wi® 429 1,23 183 14,4
wish 1,41 1.1k 24,2 . 30.6

- wi8 1.50 .73 29,7 2B.b
Rel85 - 1l0t t.2i 72,0 37.1‘
rel87 .83 28,0 62,9
0s1®* «95 6.9 | .02
05186 .98 {1.86) 7.4 1,59
0s187 .83 .53 5.3 1.64
0al®® . 19 2a7) 2w 13.3
0s189 124 1.00 13.5 16.1
05199 1,53 1.20 . 26,4 26,4
05192 C1.32 1.1 0 16,3 C o410
%t 90 1.00 3.4 385
w193 kg 123 - 629 6L.s

Q..O.IQO.’.CI.0‘00.00I0'..l"l’l........d.‘.o.0.'...00...."
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ptt?0 | 0 | .01
ptl9? 1,01 .93 8.3 | .78
pel?% 141 (2.68) 20.9 32,9
Pt19° . 97 1.52 27.0 33.8
pt19 150 1.14 1.7 25.2
ptl98 1.7 121 7.2
hut97? 1,02 (2.02) . 100
Hg196 .52 1.50 23.6 .15
Hg 198 | ,'1.15‘(2.32)  10.5 10,0
w99 96 (2.51) . 6.8  16.8
Hg?00 1,58 (3.66) 28 .4 3 23.1
g0 1,40 (3.02) 18.8  13.2
He?%%2 1,16 10.8  29.8
Hg?OY .16 1.1 - 6.9
71293 0 1,04 {1.4) 73.8 | 29.5
1205 59 (1.41) 26,2  70.5

S 0 0 68 8 6 C 000 5O DGO OO ONBEOL 0000 O AP0 EBE IS CEOO P CEE OSSOSO SES

pp2OH .82 (3.93) 2.1 1.4

206 T 1.71 (5.13) 16.7 25.1
pp2 07 1,77 (k.21) 19,2 |

b

1.7

o

pp208 2.28 (5.01) 62.0 2.0

N
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pi%09 .76 | | 100

m?3%2 . o | 100

S |: 35,5 .72
U238 | LQ"_ o 64.5 , . — 9903: '

OO O P 0O G0 PR P 0 S 00 0P O 0EORPNEEULP PSP OPOEEEOICCEEOIDNEOIOESOIONCEIOIOONOIDOIOSESE
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FIGURE CAPTIONS

Figure 1. Mobius loops.

Figure 2. Relative elemental abundances. 'Triangles,lﬁ s
correspond to the present theoretical values. Open
circles, O , correspond toiXZCVn, a type Kp star(?7); and
dots, € » represent Urey's tabdlation of observed
abundances(6).

Figure 3. A torus with equal radii.
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Log abundance
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- Figure 3
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