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Geometric Basis

for the

Periodicity of the Elements

by Laurence Hecht

I1‘hrru;,;"| an elaborately refined set of rules exisis (o
A eaplain many phenomena observed at the atomic

level, there s no watisfaciory model of the aoma
nucleEus, the central cone af the atam around which a pre
Cise numbser af m-g.ah-.vl-,- [ I'.1rgﬂl electirons s presumed
10 Oreei. Aavy Attempl Lo |.';'||"I|_||'¢'\l & CoRerent thoory ol oF
Biteng ebectrnns, withoul Knosdedpe of the structure anoond
which these orbids are constructed, would seem 1o be
dioomed to failure. Sonetheless, a |'|rﬁh!-.. slaborated “:l{l"
biraee theary of the slom, designed fo accowni for & mass of
data gathered from spectral analysis and ather operations,
does exint in the lorm of the guantum mechamnical maodel
ARl of Thies iheory PrESumes mo maore sbowl thve At
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nucleus than thal it contains a certain number of positively
charged particles agglomerated in a central mass.

It would seem past time 10 armae at a mone developed
theoiry of the atomic nucleus, and from there 1o rework the
cumbersome and very |'H1ri||1'I1l||1lrJ|I porteat of the alom
that the quantum mechancal model has bequeathed us
Liniversity 0f Uhicago physaciad [Dir, Baberd | Moon has pros
posed a geomelrical model of the nucleus bo do just that.'

S has pr o ueed a svmihelic 'Hl"'llf"l'h' i CoEysiruct i
ol the peninche table of the elements in such a way as o
sccount geometrically, inoa first approxmation, for the ex-

stence of the 92 naturally cccurning elements and many ol
thierr phiysical PO s | hawe added B0 Moon’s by FHI1|1-

e




esis a construction that provides a nonmagical cause for the
Magic Number theory (the theory that attempts to account
for changes in the nuclear properties of the elements), and
I have reexamined in a new light some of the original data
used to establish the periodicity of the elements, Itis hoped
that a further working out of this approach will offer a causal
explanation for the electron shells and orbitals and so pro-
vide a more solid grounding, as it were, for a new quanium
mechanics.

Professor Moon's Hypathesis

The existing dogma of nuclear physics requires us to be-
lieve that protons, being all of positive charge, will repel
each other up to a certain very dose distance correspond-
ing to the approximate size of the nucleus. At that point,
the theory goes, a binding force takes hold, and forces the
little particles to stick together, until they get too close, al
which paint they repel again. Thus is the holding together
of the protons in the nucleus accounted for.

Disdaining such arbitrary notions of “forces,” and pre-
ferring to view the cause of such phenomena as resulting
from a cerlain characteristic of physical space-time, Moon
and the author demanded a different view, Considerations
of “least action” sugpested to Moon a symmetric arrange-
ment of the charges on a sphere, while the number of such
charges (protons), and the existence of shells and orbitals
beyond the nudeus [(electrons] suggested a nested ar-
rangement of such spheres. Our belief that the universe
must be organized according to one set of laws, applying
as well 1o the very large and the very small, suggested that
ihe harmonic proportions which the astronomer [ohannes
Kepler found in the ordering of the solar system would also
be evident in the microcosmic realm, so we looked for this
also in the arrangement of the nucleus.

W were led immediately to the five regular or Platonic
solids—the tetrahedron, cube, cctahedron, icosahedron,
and dodecahedron (Figure 1). Moon developed a nested
model, using the Matonic solids to define the atomic nucle-
us in much the same way that Kepler determined the orbits
of the planets of the solar system. In Moon's “Keplerian
atom,” the 92 protons of the naturally occurring elements
are determined by the vertices of two identical pairs of
nested solids. Before elaborating the construction of this
model, let us review the properties of the Platonic solids.

The five Platonic solids define a type of limit of what can
be perfectly constructed in three-dimensional space. These
solids are the only ones that can be formed with faces that
are equal, regular plane figures (the equilateral triangle,
sqquare, and pentagon) and equal solid angles. A derivative
set of solids, the semiregular or Archimedean solids, can
be formed using two or three regular plane figures for faces
in each figure. Both species of solids can be circumscribed
by a sphere, the circumsphere, such that all the vertices of
the figure are just touched by the sphere. The Platonic
solids are unique in that each has just one sphere, the

- insphere, that will sit inside, just tangent to the interior of
each one of the faces (Figure 2). The Archimedean solids
must have either two or three distinet inspheres.

A third species of sphere, the midsphere, is formed by a
radius connecting the center of the solid with the midpoint

of each of its edges, and is associated with both the Platonic
and Archimedean solids (Figure 3). The surface of the mid-
sphere pokes both inside and outside the faces of the fig-
ure, Two of the Archimedean solids, the cuboctahedron
and the icosidodecahedron, actually are formed by the
midspheres of the Plalonic solids.

The surfaces of the Platonic solids and related regular
solids represent unique divisions of the surface of a sphere
according to a least-action principle.?

How the Model Works

In Moon's “Keplerian atom,” the 92 protons of the natu-
rally occurring elements are determined by two identical
sets of nested solids mach containing 46 vertices. Moon's
proposed arrangement is as follows:

Twao pairs of regular Platonic solids, the cube-octahedron
pair and the icosahedron-dodecahedron pair, may be called
duals: one will fit inside the other such that its vertices fit
centrally on the faces of the ather, each fitting perfectly
inside a sphere whose surface is thus perfectly and sym-
metrically divided by the vertices (Figure 4). The tetrahe-
dron is dual unto itsell and therefore plays a different role.

The four dual solids may be arranged in a nested se-
gquence—cube, octahedron, icosahedron, dodecahed-
ron—such that the sum of the vertices is 46 (Figure 5):

Culbe = B
Octahedron = §
lcosahedron =12
Dodecahedron = 20
Total = df

The nesting of the cube-octahedron and icosahedron-
dodecahedron is chear from a study of the duality relation-
ship. However, to fit the first pair of duals into the next pair
appears at first to be a problem: The & vertices of the octa-
hiedron do not fit obviously into the 20 faces of the icosa-
hedron, nor could the fourfold axial symmetry of the for-
mer be simply inserted into the fivefold axial symmetry of
the latter. Yet, the octahedron may still be placed within
the icosahedron in a manner that is fitting and beautiful.
Six vertices of the octahedron may be placed near to six
vertices of the icosahedron, such that the distance fram the
nearby vertex of the icosahedron to the edge oppaosite it is
divided in the divine proportion [ = (V5 4+ 1)/ 2 =
approximately 1.618] (Figure 6)."

The axis of the cube-octahedron pair is thus skew to the
axis of the icosahedron-dodecahedron dual, and a special
relationship exists at this point of singularity in the model.

Examining the edges of the figures so nested, and desig-
nating the length of the smallest inner figure, the cube, as
unity (1), we find:

Edge of cube 1.00
Edge of octahedron .12
Edge of icosahedron 1.88
Edge of dodecahedron 1,618

Then taking the radius of the sphere cireumscribing the
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Figure 1
THE FIVE FLATOMNIC SOLIDS
The five reguiar or Platonic solids represent a limit of
constructibility in three-dimensional . Euler’s
formula corelates the relationship of vertices (V), faces
i), and edges (E) for cach solidasV + F = £ — 2,

Palyhedron Mame Vertices Facea Edges
Tatrahasdron & 4 &
Cuba -] & i2
Oclahadron & ] 12
Icosahadnan 12 20 a0
Dodacahadion it 12 k1]

culbe 1o be unity, the radii of circumscribing spheres stand

in proportion:
Cube 1.0
Octahedron 1.7313
lcosahedron 2187

Dodecahedron  2.678
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Mote that the ratio of edges between the inner and the
outer figures is in the divine proportion. Also, the ratio of
radii between inner and outer spheres is the square of the
divine proportion lapproximately 26181, .

Building the Miscleus

I we now take the vertices of the solids so arranged to be
the singularities in space where the protons are found, a
remarkable structurne 1o the nuclews appears, First we seea
sorl of perindicity in the nucleus, formed by the completion
of each of the “shells,” as we might call the circumspheres
of the cube, octahedron, icosahedron, and dodecahedron,

Lt ws first look at which unique elements correspond 1o
the completed “shells®:

Owygen (8) = completed cube

Silicon (14 = gompleted octahedron
from (26) = pomplcted icosahedron
Falladium (46) = completed dodecahedron
Ur’ir‘;h.-ll';'l (92} = ::mnpleied {wln meated

figures

Thius, highly stable oxygen, which makes up 62.55 per-
cent of the total number of atoms in the Earth’s crust, and
silicon, which makes wp 21,22 percent, are represented by
the first two completed figures, Together these two ele-
ments account for B4 percent of all the atoms in the Earth’s
crust, Although the curve of the relative abundance of the
elements declines exponentially with increasing atomic
number, iron, the completed icosahedron, is three orders
of magnitude higher than the elements near i1 on the atomic
number scale and makes up 1.20 percent of the atoms in
the Earth's crust, and 5 percent by weight. Iron is ako a
maost unigque element in that it represents the minimum of
the mass packing fraction and the endpoint of the natural
fusion process,

A look an the graph of atomic volumes (Figure 7] is also
very thought-provoking in this regard. The periodicity ex-
hibited in the atomic volumes (atomic weight divided by
the density of each element) was being examined by the
German scientlst Lothar Meyer in IB6% at the time he and
Russian scientist Dmitrl Mendeleyvev simulianeausly devel-
oped the concept of periodicity. twas later discovered that
other physical properties—compressibility, coefficient of
expansicn, and reciprocal melting point—obey the same
periodicity (Flgure 8).

Most textbooks discuss the maxima of these properties
oCourring at atomic numbsers 3, 11, 19, and 0 on, the so-
called Group 1a, or alkalles. Moon's construction drew my
attention, however, to the minima. The minima ocourring
in the range of 4-8, 13-14, 26, and 46 sugges! that a minimal
space-filling and maximal structural stability occur at the
completion of each Platonic solid within the nucleus, We
shall see later how a second periodicity of the neuiron
structure can be denved from the same fiC piciure
to account for the maxima observed, thus defining both the
masima and minima of these periodic properies from with-
In thie nucleus,



Frasian of the Mucheus

Moon's madel beautifully accounts for the process af
fission. Filing out with protons the outermost figure, the
dodecahedron, brings us lo palladium, atomic number 46,
an elemaent that has an unusually symmetrec Character. First,
a look at the table of electron configurations (Table 1k shows
palladium to be the only element in which an outer electron
shell, previously occupied, is completely abandoned by the
extra-nuclear electrons, Second, palladivm is a singularity
in the fistion process, falling at a minimum on the table of
distribution of fsshon products, Palladium also marks the
boundary point for the sort of fission that occurs with very
high energy (for example, protons of billion-electron-vol
energios), when nuclei are split up inlo bwo paris of similar
size. Siteer, atomic number 47, is the lightest of the ele-
mnts that may splin this way.

To go boyond palladium in our model, 3 twin streciure
joins at ane of the faces of the dodecahedron (Figure 91 and
bergins to fill up its vertex positions with protons, beginning
on (e autermost figure. (Silver, atomic number 47, [s the
first.) Six positions are unavailable to i—the five vertex
positions on the binding face of the second figure and the
one al the lace center where a verfex of the inscribed ico-
sahedron pokes through.

Thus an the second nested dodecahedron figure, 15 ol
of 20 ol the dodecabvisdral vertioes are available, and 17 out
of 12 of the icosahedral vertices. We now fill 11 of the avail-
able dodecahedral vertices, thus creating 47-silver and con-
trnuing through 57-lanthanwum. At this point, one face of the
dodecahedron remaing open 1o allow filling of the inner
figures, The cube and octabedron (il next, producing the
14 elemients of the lanithansde, or rare earth series (58
cerium to 71-lutetium). Placing the proton charges on the
inner salids cawses & cormesponding imward pulling of the
eleciron arbitals. Thus, the athersise unaccounted for ill-
ing of thie previously unfilled 4-1 arbitals (see Table 13, and
the mystery of the period of 14 for the rare carths are cx-
phin:d.

The figure is complete at raden, atomic number 86, the
Last of the noble gases. To allow the last six protons 1o find
their places, the win dodecahedra must open up, using
one of the edges of the binding lace as a “hinge® (Figure
104,

The element 87-francium, the most unstable of the first
101 edements of the perlodic system, tries to find it4 place
o the ihus-opened figure, butunsuccessiully so. Less than
one cunoe of this ephemeral substance can be found at any
onee tima in the totality of the Earth's crust, Then Bi-radium,
H3-actinmm, and S-1horum find thelr places on the re-
maining vertices, Two more transiormations are then nec-
essary before we reach the last of the 92 naturally occurring
elemaents,

To allow for 91-protactinium, the hinge is broken, and
tha figure held together at only one paint (Figure 11].

The construction of 92-uranium requires that the last pro-
ton be placed at the point of jeining. and the one solid
slightly displaced to penetrate the other, in order to avoid
two protons occupying the same position. This obviously
undtable structise is ready to break apart at a slight prove-
cation. And =0 we have the fission of the uranium atom, as

INSCRIBING THE PLATOMNIC SOLIDS
ftath the Matonic and Archimedean solfds may be
circumscnbed by a single sphere (the circusmsphere],
Bt thve five Platonic solids ane uniguae in having anly
one sphere that may be inscribed within them [the
insphenel, as shown,

hypothesized by Dr. Robert |, Moon, one of the scientists
whao first made fission happen in a wartime laboratory on
the University of Chicago football field.

How Free Is Free Spaced

Before procecding, let us pause (o consider the implica-
tions of this model. The sympathetic reader is perhaps in-
trigued with the model, but probably wondering whether
wi actually intend him to believe that protons find their
way into these pretiy little shapes and if so, how and why
theey dao it

Thas angwier 1o the first part of the question i, yes. As 1o
the second part, the reader would best find the answer by
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Tabde 1
THE ELECTRDOMN OREITS OF THE ELEMENTS
(Atomic numbers 1-54)

Ei 5L M | N Q
Alomic 1 2 3 4 -]
M. Tt

s sp spd _-pd-i spdfi

1 H 1 |
2 Ha 2 |
3 LI 2 (1
4 be 2|2
B B ala
& G 2|22
7 N 2|23
B Q El'-?'!-
a F 2125
10 Hea 2126
i1 Ha a2 1
12 Mg 2|26 2
13 Al 226 an
14 Si 2|26 22
15 P 2|28 23
16 5 2|28 24
iT ci 2|28 25
18 Ar 2| 26|28
149 K 228128 |1
0 Ca 2|25 28 _ |2
F 4 Bc 2|26 26 1 4
Ti 2| 26| 26 2 2
W 2| 26| 26 3 Z
24 Cr 2| 28| 26 5" |1
25 Min 2| 268|268 & z
28 Fa 2| 28| 28 & 2
ar Co 2| 26| 26 7T 2
28 Ni 2| 26| 26 & 2
= Cu 2|26 a6 |1
3 n 2| 26| 2610 z2
H Ga 2|26 2610 | 21
32 (1] 2|26 2610 | 22
X3 As 2|26 2810 |23
34 Se 2| 28| 2810 | 24
as Br 2| 28| 2810 | 25
] 2| 26| 2510 [ 28
ar Al 2| 26| 2670 | 26 L 1
38 Sr 2| 26| 2610 | 24 w | 2
3w Y 2| 26| 2610 | 26 1 4
40 r 2| 26| 2610 | 26 2. z
41 Hb 2| 26| ZE1D | 268 4" 1
42 M 2| 28| 2810 | 26 5. 1
&3 Te 2| 26| 26810 | 26 8. 1
a4 Rlii 2| 28| 2610 | 28 7 i
45 Ak 2| 28| 2610 | 28 8" | 1
45 Pd 2| 28| 26810 | 2810° [k
47 Ag 2| 26| 2610 | 2810 1
48 Cd 2| 26| 28170 | 2610, (1
43 in i| 26| 2610 | 2610 21
50 Sn 2| 26| 2610 | 2610 22
51 Sb 2| 28| 2610 | 2610 23
52 Ta 2| 28| 2610 | 2610, 24
53 1 2| 28| 24610 | 2610 . 25
54 Xe 2| 28| 2810 | 2670 _ | 28

ook ety

Sowen: Adapted from Lewonos 5 Foster's oomgslason in the Hano-
hﬂ1mﬂ WBJ il Phywes (Bocs Aalon, Fla,, CRC Prags,
P

asking himself a question; How otherwise would he expect
to find elementary particles arranged? The reader probably
does not have an answer, but might, if pressed, retort: “Any
one of a milllan possible ways, but why yours!” The reader
who answers this way has made some assumptions about
the nature of space-time and matter, probably without even
realizing it. He has assumed that “things, " like protons, are
pretty much free to move about in “empty space,” except
insafar as certain universal “forces, ” like “charge.” “gravi-
tation,” and the like might prevent them irom doing so.
These are assumplions that have no place in thinking abowt
such matters as these,

Take one example, which is relevant to the thinking that
woent info the development of this nuclear model

(€] 12 poiria of cubs foomming he cubociaradeon

Figure 3

FORMING THE CUBOCTAHEDROMN FROM THE CLBE
The cube i shown i@l with the circumsphers, which
is infermally tangent to the 8 vertices, and insphere,
which s tangent to the interor of the 6 feoes. The
midsphers (bl is tangent to the midpaints of the 12
edpes. When these 12 points are connected (cl, the
figure formed is the Archimedean solid known as the
cuboctahedron, The midiphere of the cube is the
circumsphere of the cuboctihedron,

May-lune 1588 21s CENTURY



There is a certain masimum-minimum relaticnship in
electrical condudtivity. There is the impedance of free space
of 376 ohms, a value used for the tuning of antennae, for
instance. There B also the “natural resistance” of 25,613
ohms, demonstrated by Mobel prize winner Klaus von Klitz-
ing in his experiments with very thin semiconductor sur-
faces (sew Fuson, May-June 1986, pp. 28-31). The ratio of
the two i 1: 68.5, and when the pairing of electrons is
allowed for, it is seen to be twice this, or 1:137. The same
ratio also appears in the fine structure constant and in the
ratha of the velocity of an electron in the lowest orbit o the
velocity of light. Von Klitzing also lound a quaniization in
his resulis. The resistance reached plateaus and appeared
as a step function downward from the maximum, suggest-

ing a discrete relationship between the number of elec-
trovees and impedance,

The most impartant thing 1o observe 5 that there & a
continuity of relationship between the impedance of “fres
space” (the vacuum) and the resistance found in & thin
semiconducior sheet. The point is elabarated in the accom-
panying article on the subject written by Moon [page 261,
We are led to guestion how “free” s free space. Indeed,
the very idea of empty space, filled by particulate matter,
must come Into question. YWe look nstead 1o identify the
appropriate geometry or curvalure of space-time. A proper
solution would kead immediately to a solution of the purrle
ol superconductivity, and a greal many more problems fac-
ing science today,

THE PLATONIC DUALS
The cube and octahedron are dual, meaning that they fit one inside the other (a, b). Similarly, the icosahedron and
dadecahedron are dual (g, dl. The tetrahedron is dual to itself fok

(@) Tetrahodron
insido tesrahodoon

Figure 5
The sequence of four salids whose 46 verfrces form half of the “Keplenan atom. ©

This
by Gecrge Hamann ool of used ofiset printng plates. For o

rmation on olbtaining oopes, see e §

working mode! of T four esled sodcs was made lor Mo
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() CHvine peogodion

divigaon ol tha .
icosahedron’'s trangulas

lace.

Figure &

THE QCTAHEDRON INSIDE THE ICOSAHEDRODMN
The actabedron fits within the icosabedron (a) sech
that & of the 20 faces of the icosahedron recsive ver-
trces of the polahedron. The vertices stnke the tran-
gular face of the icosahedron (b) so as to divide the
altitude fine in the divine proportion. Thus, atbh -
hita + b

..-_|'. . ‘ | i
NGk
/1 k AN

g’:% s

M & & &0

W Bl B0
() Admec ramkar
Diowron. Aok Sernitetien, Akeves Satoe ind Spectnl Lines, o 1840

Figure 7
FERIODICITY OF ATOMIC VOLUME

The pernodicity of the atomic vodumes (the ratro of
atomic weightidensity) of the elements guided the
19th-century Cenman scienlist Lothar Meyer in devels
aping the periedic table. The maxima al atomic num-
bers 3, 11, 19, 37, 55, and &7 identify the Group Ta
elements that begin each perfod. Notice how minima
cocur & oF mear the atomic numbers 8 14, 26, 46,
which mark the completed proten shells,

Implications for the Periodic Table

W have hinted in some wivs—ior example, inthe case
o the rare earths—how such an arrangement of the nucle-
ws might be reflected in the arrangement of extra-nuclear
electrons. It remalns the case, howewer, thal the periodicity
of physical and chemical properties, as demonstrated in the
crowning achievement of 19th and early 20th century chem-
istry, the periodic 1able of the elements, i3 not the same a3
the pedodicity of the profon shells, The later, we have
shown, Iollow the sequence 8, 14, 26, 46, as determined by
the Platonic salids, The former are governed by the great
penods of 18 and 32, and the small penods of 8, once called
the octels,

Years after the establishment of the periodic table, its
truth was verified by the data of spectroscopy, which estab-
lished that the extra-nuclear electrons are found In shells
ilabeled K, [, M, N, and 30 on), each containing one of
mare subshells, designated 5, p, d, and f from the appear-
ance of their spectral lines. The “occupancy level™ of cach
shell and subshell is well established and can be seen in the
electron configurations in Table 1. The ardering of sucoes-
sive subshells, as follows,

2 -
2.6 = &
. = §
1, 2.6 = 18
10, 2, & = 18
14,10, 2,6 = 32
24 Miay-ure 1988 215t CENTURY

corresponds to the ordering of the number of elements
that can be seen in the periods (rows) in the table of the
elements—ithe small and greal periods.,

What causes this number series is one of the great mys-
teries. Rydberg, one of the carly contribulors to the devel-
oprment ol quantum theory, was fond of presenting it ina
maneer which the great Genman phvsicist of the time, Ar-
nobd Sommerfeld, characterized as “the cabalistic form™:

2xPt= 2
2xM = 8
2x¥ =18
2x4' =32,

‘Magic Numbers’

The modern theory of the atom is dso premised on an-
other mysiery series, this one more aptly named “Magic
Mumbers” by it discoverer, physicist Maria Goeppent-
tayer, Carcful observation of the nuclear properties of the
elements showed certain patterns that seemed to abrupily
change at certain key elements. Goeppert-Mayer noticed
that whether we were looking at the atomic number (],
which tells us the number of protons in the nucleus, or the
number of neutrons (M), or the sum of the two, which s
known as the mass number (4], there were cenain so-called
Magic Mumbers that identified abrupt changes in nuclear
properies. These numbers are:

2,8, 20,28, 50, B2, 126,



5, U ll.___e j ..,_ _...-'i-l:-' B

] o Fa] k] &0 Ll Loe) 1
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Figure 8
OTHER PERIODIC PROPERTIES OF THE ELEMENTS
Many ather physical properties of the elements, in-
cluding compressibility (bottom line), coefficient of
expansion imiddiel, and reciprocal melting point (top),
obey the same penodicity as atomic volume.

An elgment containing such a Magic Number either as its
atomic nurmber (for example, 2 for helium, or 82 for bead],
or its neutron number (also 2 for helium, or 8 for oxygen,
or 126 for lead or bismuth), or its mass number (for exam:
ple, 20 for neon, or 28 for silicon) is likely to manifest an
abrupt change in nuclear properties from its nearby neigh-
bors in the periodic table. This is not a hard-and-fast rule,
but a tendency.

But what can be the cause for this strange series of num-
bers? Can it be that the same Creator who built into the
structure of the atom the simple and harmonious arrange-
ment of the 52 protons, which we have shown here, would
leave to chance the configuration of the rest of his creation?

A Hypaothesis on Neutron Configuration

I could not believe this, and 30 | struggled with the prob-
lem, until | had a solution, | had alrezdy noticed one pecul-
lar thing about the Magic Numbers—the first-order differ-
ences of part of the sequence corresponds to the numbers
of the edges of the Platonic solids. Thus, 8 = 2 = &, the
edges of the tetrahedron; 20 — B = 12, the number of edges
for the cube and octahedron; and, skipping 28, 50 - 20 =
30, the number of edges in the icosahedron and dodeca-
hedron.

It was necessary, also, that the neutrons have a lawful
place in the structure of the nucleus, for otherwise, why
should some isatopes exist in abundance and others not?
Howewer, lacking charge, the neutrons would not have to
have the same degres of syrmmetry as the profons. It was
while considering the question why iron and palladium,
‘twa key singularities in the proton structure of the nucleus,
did not appear as Magic Numbers that the idea for a lawful
placement of the neutrons within the hypothesized struc-
ture of the profon shells came 1o me.

‘ \
!
Figure 9
THE TWik DODECAHEDRA
To go beyond palizdium fatemic number 46), which
is represented by the completed dodecahednon, an
identical dodecahedron joins the first dodecahedron

&t & Face. When fully joined in this way, the bvo gunes
represent the nuclews of adon fatemic number 86).

Figure 10
HINGING THE TWiIMN DODECAHEDRA
To go beyond radon (atomic number 86), the fwin
dodecahedra open up, using a common edge as if it
were a hinge.

Figure 11

BREAKING THE HINGE
To create 91-protactinium, the hinge is broken &t one
end, staying attached at the ather end,

Iron has 30 reutrons, palladivm &0, The sum of the edges
of the tetrahedron (B, cube (125, and octahedron (12) is
equal to 30. The tetrahedron fits within the cube such that
the midpoints of Its edges lie one on the center of each
cubsic face (Figure 12), Within the tetrahedron, can sit an-

Continued on page 24
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DR. ROBERT ]J. MOON:

‘Space Must Be Quantized’

Eobert | Moon, pn}h_-s:m.r emendues af the Linfenaty ol
Chicage, discussed the idea that led to his hypothesis of
the geomefry of the mucleus in an intenvew published in
Executive Inrl.:lllgrne e Review, Nov. 6, T8E7. His remarks are
excerpted hene

The particular experiment that provided the immediate
spark leading 1o the development of my model of the nu-
clivus wak one By Mobsel Price wanner Klaus von Klll!.n'lrrp,'.

Yan IIG,1i11mg_ is a Cerman who looked at the conouctivity
af very thin pleces of semiconductor. A couple of elec-
trodes are placed on i1, The electrodes are designed 1o keep
aconstant curnent running through the thin semiconducior
strip. A uniform magnetic Tl i :IF;J'IEI‘." perpendicular o
the thin sirip, cutting across the flow of the electron curren

P | sy

i the semicondector strip. This applied magnetic field,
thus, bends the conduction electrans in the semiconductor
=0 that they move toward the side. It the field is of sufficient
strength, the electrons become trapped into circular orbits.

This alteration of the paths of the conduction electrons
produces what appears to be a charge potential across the
strip and perpendicular to the original current flow, pro-
ducing a resistance. If you measure this new potential as
you increase the magnetic field, you find that the horizontal
charge potential will rise until a plateaw is reached. You can
conlinue to increase the magnetic field without anything
happening, within certain bowndaries, but then once the
magnetic field is increased beyond a certain value, the po-
tential will begin to rise again until another plateau is
reached, where, within cerain boundaries, the potential
again does not increase with an increasing magnetic fleld.

Whai is being measured is the Hall resistance, the valtage
acrass the current low, horzontal to the direction of the
original current, diviclesd by the ::rlgm.ll currenl.

All of this was done by von Kliteing at liquid hydrogen
temperaiures (o keep it cool and prevent the vibration of
particles in the semiconductor lattice, a silicon semi-
conductor. The curreni was kept constant by the elecirodes
embedded in it

Under these special conditions, as the current is plotted
as a function of the magnetic field, we find that plateaus
emaergee, There are five disting plateaus. At the highest field
5Ir|.'lngl:h the resistance turms oul o be 25 812 815 ohms. As
wp reduce the field, we find thie nes F‘l|ulr..iu af 12 006 olirs,
anid 50 on, until after the fifth, the platcaus become bess
distingt.

The thisory is that the strong magnetic field forces the
glectrons of a two-dimensional electron gas into closed
paths. Just as in the atomic nucleus, only a definite number
of rotational states is possible, and only a definite number
of electrons can belong to the same state, This rotaticnal
state is called the Landau level.

Wit we have here is a slowly increasing magnetic induwc-
tion, and resistance increases untll plateaw values are fownd.
At these values, there is no further drop in vollage over a
certain band of increased magnetic induction. Some elec-
trons feovwe appear o travel through the semiconductor as if
il were a superconductor.

Dr. Robert |, Moon: *1 began o copclude that there musi
be structure in space, and that space must be quantized. ®

Fl ]
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The question | asked moself was, why at higher field
strengths did no more plateaus appear? Why did no higher
plateaw appear, for example, at 51,625 ohms? At the lower
end it was clear what the boundary wai—an the point at
which six pairs of electrons were orbiting together, the
electrons would be close-packed, but the magnetic field
was too weak to create such a geometry. However, | asked
mysell what the limil was at the upper end,

This was what led 1o my model of the structure of the
atomic nucleus, | started out by considering that the orhbital
structure of the electrons would have to account for the
occurrence of the plateaus von Klitzing found, and | real-
fzed that the electrons had to be spinning together in pairs
as well as orbiting. That was the significance of the upper
boundary occurting at the value of 25,000-plus ohms.

I first concluded that this happens because the eleciron
has a spin. It spins around its axis and a current is produced
by the spin, and the spinning charges produce a little mag-
net,

According to Ohm's law, the current is equal to the field
divided by the resistance, so that the resistance is equal to
the field divided by the current. Von Klitzing found that the
resistance in the last plateau was 25,812 ohms. | wanted to
firvd Gt wihy this was the last distinct plateau.

First of all, | realized that the electrons seem o like sach
other very well. They travel around in pairs, especially in
solid-state materials such as semiconductors, The spins will
be in opposite directions, so that the north pole of one will
match up with the south pole of the other,

Well, as long as we are limited to a two-dimensional space,
then we see that by the time we get six pairs orbiting, we
will have close packing. We see a geomelry emerging, a
structure of the electron flow in the semiconductor,

Mow, the Hall resistance is determined by Flanck’s con-
stant divided by the ratio of the charge squared. But we also
find this term in the fine structure constant. Here, however,
ithe Hall resistance must be multiplied by the term (ju, = cb
lc=the velocity of light]; in other words, we must take the
ratio of the Hall resistance to the impedance of free space.
We can look at this as a ratio of two different kinds of
resistance, that within a medium to that within free space
itself.

This led me to look for a three-space geometry analogous
ta that which | had found in the two-dimensional space in
which the Hall effect fakes place, | began to wonder how
many electron pairs could be put together in three-space,
and | saw that one might go up to 68 pairs plus a single
electron, in order to prodece 137, which is the inverse of
the fine structure constant,

Well, that's the way ideas begin to grow. Then it becomes
very exciting. And then you begin o wonder, why these
pairs, and why does this happent

Space Has a Struciure
The velocity of light times the permeability of free space
is what we call the impedance of free space. There is some-
"thing very interesting about the impedance of free space.
According to accepted theory, free space is a vacuum, If

this is 50, how can it exhibit impedance? But it does. The
answer, of course, is that there is no such thing asa vacuum,
and what we call free space has a structure.

The impedance of free space is called reactive imped-
ance, since we can store energy in it without the energy
dissipating. Similarly, radiation will travel through a vac-
vum without losing energy. Since there is no matter in free
space, there is nothing there to dissipate the energy. There
is nothing for the radiation to collide with, so to speak, or
be absorteed by, 5o the energy just keeps there. This (s what
wir call the reactive component.

Itis “reactive,” because it does not dissipate the energy,
but is passive. And this equals 376+ ohms. This reactive
impedance is one of the imporfant components of the
equation of the fine structure constant,

The equations for the fine structure constant will ahways
inveslve the ratio, 1;137, and actually this ratio, as Bohr looked
atit, was the ratio of the velochty of the electron in the first
Bohrorbit to the velocity of light, That is, if you multiply the
velocity of the electron in the first Bohr orbit of the hydro-
gen atom by 137, you get the velocity of light.

The orbiting electron is bound to the hydrogen atom
around which it is erbiting. This stuck in my mind for several
years. Immediately as you begin looking at this ratio, you
see that this is identical with the impedance in a material
medium, like the semiconductor von Klitzing experi-
mented with, compared to the permeability of space.

Mo Emply Space

Since the Hall resistance is dissipative, then we have here
a ratio between twio different kinds of resistance, a resis-
tance within a matenal medivm and a resistance of “space.
That being the case, we are entitled to seek a geometry of
space—or in other words, we are no longer able o alk
about *empty space.” From looking at von Klitzing's exper-
iment, | was led to these new conclusions.

This is the equation for a, the fine structure constant:

Tia = 2hfleTu,cl.

Another conclusion | was able to draw, was why the num-
ber “2° appears in the fine structure constant, Waell, it turns
out that the 2 indicates the pairing of the electrans, And
when vou get this ratio, this turns out to be 1:137. So you
have the ratio of the impedance of free space, which is
nondissipative, over the impedance in a material media, as
measured by von Klitzing, which is dissipative, giving you
approximately 1:137. We have seen major advances in
semiconducions in recent decades which permil us to make
very accurate measurements of the fine strecture constant,

Today, we have even better methods based on supercon-
ductors, Ina superconductor, the impedance will be very
low, like thatof free space. There is no place for the electron
in the superconductor to lose energy.

As a result of this, | began to conclude that there must be
structure in space, and that space must be guantized, O
course, | had been thinking about these ideas in a more
general way, for a long time, but looking at von Klitzing's
work in this way, allowed me to put them together in a new
way, and make some new discoveries.
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other smaller tetrahedron, dual to its parent (Figure 135,
The connection of the midpaoints of the edges of the other
four solids creates, respectively, the cuboctahedron—from
the cube or octahedron—and the kcosidodecahedron—
fram the icosabedron or dodecahedron (Figure 14)

These are the key concepts of gerometry needed 1o see
haovw the neutrons are lawfully placed on the already existing
structure of the nuclews. Once this is done, it can be sesn
that the pericdicity of Meyer and Mendeleyev's periodic
table is completely coherent with this new view of the nu-
deus. The points of complation of the profon shells define
the polnts of greatest stability of the nuclews, reflected in

the abundancy of these elemants, while the completion af

the neutron shells comesponds to the ends of the periods

of the periodic table, The neutron shells also have a highly |
symmaetric and sometimes complete configuration in the

elements for which the proton shells are complete. This is

all readily seen in the table of neutron configurations | have

hypothesired (Tabbe 2).

The siructuine I}Eglﬁﬁ woith & hilivim fuclewt, or ilpha
partiche—a tetrahedron containing two protons and two
neutrans at its four vertices. 'I'ngn an ta the third element,
lithium, the profons must move oubward to start building
up thieir firdl shell on the vertices of a cubse, The bao neu-

Figure 12
TETRAHEDRO® INSCRIBED IM A CLIBE
Every cube implies a tefrahedron, Four diagonally ap-
pasite vertices of the cube form the vertices of the
tetrahedron, The six edges of the tetrahedron form
the diagonals of the cube’s faces, and their midpaints
are equivalent to the center of the cubic faces.

Flgure 13
ALFHA PARTICLE AND TETRAHEDRODM
The smaller dual tetrahedron, which represents the
alpha partiche, has an edge length only one third that
of its parernt.

Figure 14
CUBDCTAHEDROMN AND WCOSIDODECAHEDRON
The Archimedean sofid known as the cuboctahedron can be derived by connecting the midpoints of the 12 edges

of either the cube (a) or the octahedran (b). Similarly, the icosidodecahedron is derved by connecting the midpoints
of either the icosahedran (g) of the dedecabedran fd),
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trons that were on the vertices of the alpha particle have no
need 10 leave, Howewer, any additional neutrons will place
themselves al the centers of the faces of the cube, which is
the same place as the midpoints of the edges of the larger
tetrahedron, {The smaller tetrahedron is calbed the alpha
particle.} Thus, at b-carbon-12, there are two neutrons on
the alpha particle and four on the faces of the cube (Figure
15).* For clarity, bere is another exsample: the proton struc-
ture of 8-oxygen-16 (Figure 161, O the eight neutrons, two

are on the inner alpha particle and six on the midpoints of
the: six edges of the larger tetrahedron (or, the same thing,
the face centers of the cubel, marking the completion of
this shell. The eight protons locate on the eight vertices of
the cube, Thus, not only is ocygen highly symmetrical with
respect to its proton configuration, but also one of its neu-
tron shedls is complete,

Now, to go on to the end of the period, there are only
twio more places where the neutrons can go: that is, on the

Tahle 2
PROPMISED NEUTRON DISTRIBUTION CHART
Alpha Edges of

Element M= pariicle Teirshedron Cube Octahedron lcosahedron

2Ha-4 2 2 Complele period

3-Li-7 4 - -]

4 Ba-b 5 2 a

5-B8-10 5 2 a

B-C-12 ] 2 ]

TM-14 T i 5

B-0-18 ;| 2 8 Complela proon shell

g-F-18 10 & i}
10-Ma-20 10 4 & Compleis parind
11-Ma-21 12 4 g ]
12-Mig-2d 12 4 L+ s
13-Al-27 14 4 ] 4
14.8]-24 14 i -} 4 Complals proson shall
15-P-31 16 4 ] B
16-8-32 1B ] ] ]
17135 18 4 -1 B
16-Ar-40 4 ] 12 Complele pariod
18-4-38 20 4 8 14 (1]
20-Ca-40 20 ] ] 10 (1]
2-Bo-46 24 4 ] 12 2
52-TI-48 28 4 & 12 4
23-Y-51 26 4 ] 12 6
24-Cr-52 28 4 ] 12 (]
5-in-55 30 4 & ¥ B
25-Fa-56 30 s i} 12 12 GComplete proton shail
27-Co-50 b - L 1 12 2
268-Mi-50 3 = ] 12 12 1
29-Cu-84 a5 —_ ] 12 12 5
A0-Tn-65 a5 - & ! 12 5
31-0e-70 &0 e A 12 12 10
32-Ge-71 ] — f 12 137 1"
13-As-TH 42 = ] 12 12 12
34-Sa-TH 45 == ] 12 12 16
35-Br-60 A5 _ ] 12 12 15
A6-Kr-84 48 - ] 12 — 30 Complaie period
37-Rb-B5 4B —_ ] 12 12 10
38-Sr-86 S0 — i 12 732 20
35-Y-BD 50 = .| 12 12 20
40-Zr-02 52 —_ (] 12 12 22
41-Mb-83 52 — 3] 12 T P
42-Mo-96 54 - L] 12 12 24
43-Te-a8 55 — ﬁ 2 12 25
Ad-Ru-101 &7 — 8 12 ¥ ar
45-Rh-103 1] - 6 12 12 28
A6-Pd-105 &0 —_ & 12 12 30 Complete praten shiell
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remaining two vertices of the inner alpha particle, This is
the configuration for 10-nean-20, the noble gas that ends
the first small pericd. A similar situation, in which the neu-
tran shells are completely filled, ocours with respect to the
noble gases 18-argon-40 and 36-krypton-84, the latter with
a slight perturbation.

Al iron, the inner tetrahedron ceases 1o exist as a config-
uration for the neutrons, though, as we know, the config-
uration appears again as a mode of emession in the alpha
decay of the heavier elements. Iran has an extraordinany
symmetry for both its proton and neutron configurations,
as shown in Table 2. Finally, at palladium, the symmetry is
periect and complete. The proton shells are entirely filled
and so are those af the neutrons. Note that the neutrons
abways remain on the inside of the nucleus, one level deep-
er than the protons. Their existence outside this realm is
precarious, where they have a half-life of only about 12
minutes,

The neutron configuration bevond palladium is struc-
tured on the same model, though it is not as simply repre-
sented since the figures making up the proton shells do no
close until B&-radon. Bul the continuation of the same sys-
tem all the way through the last natural efement can be
simply accounted for,

To close the case, let us take the last element, uranium,
How, one might ask, can we account for wranium-238, which
has 146 neutrons—considerably more than fwice the &
found in palladium? Recall that there were a few empty
spaces left over on the faces of the icosahedron, When the
octahedron was fit inside, its verfices took up anly & of the
20 faces, leaving 14 open. Counting both “halves" of the
uranium nucleus, that leaves 28 extra locations for the neu-
trons to fit symmetrically; 26 of them are used o creats
uranium-238, the preferred configuration. But uranium-240,
the heaviest isotope of the last naturally accurring element,
with a half-lite of 14.1 hours, takes up all those possible
places with its 148 neutrons,

Lawrence Hechi, a geometer by avocation, worked closely
with Robert . Moon to elabovate Moon's hypothesis for the
geametry of the nucleus.
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THIh berhoday, while working af the Fuson Erengy Foundaton in Leestrg,
Wa For & pesonal pocound of T devaiopman o ha . me hig Bwor
it imlsnie in ths Emsoutve nsigenos Aowow, Ol 300 1957, o 31, and
Porv_ 8, 1987, p 18,
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plarssiarium [el. Johannas Kepler, Mysmanun Copmogrsphcum, Dedicaion
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In tha deicn Sonsrucing by Giovans Toman 1o domorainatn Kephes
Pt sl SFaxial i 1110 00T BRI, b viETa0as of T UL 5005 0
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Forrms Tl virtecoics o A Culsl and douliy 0 B placas ower this faces of T ouba.
Fiflsan greal cesias inlemes S-81-§- s in 12 Iocatan, J-al-a-lme in 20
bocabions, and 2-8-5-I i 30 lecalions, forming Faspacivaly, (e versons
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& iz inlorasting Tt e Inlrahadion & nol oriquely dEsrined i this
constroction, bul is daraiees froe the vefces o the cuba
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Figure 15
PROBABLE LOCATION OF CARBON NELTROMNS
In the author's scheme, the sis newtrons in the carbon
rriclews are positioned a5 showa! two on the verfices
of the inner tetrahedron, four an the edge midpaints
af the I'arﬂrr tefrahedron fadich are the wbme ok the
face centers of the cube),

Figure 16
FROBABLE LOCATION OF THE OXYGEN-16
MELUTRONS ANMD PROTONS

Shown here are the kely locations of the eight neu-
tronns fapen) and eight profons (sodid) in the axygern-
16 nuclews. There s a newtrov on all six fces of the
cube and on two of the four vertices of the alpha
particle. Eight profons cover the eight vertices of the
cube,

dafines tha o grosth for Iseng sysiema, plards and anmaly sliss—
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