


mate “building blocks” of matter, whose supposed quality of
reality is borrowed from the baby’s earliest years in the
playpen. The great French chemist Lavoisier, on the contrary,
adopted the more adult view that the chemical elements are
singularities, in a search not for ultimate building blocks, but
for what he called the “principles” of matter.

In 1869, Mendeleyev published his first version of the
Periodic Table, demonstrating that the chemical elements con-
stitute a single, harmonically ordered organism—entirely as
Kepler had seen the system of planetary orbits. Mendeleyev’s
discovery of the periodic system was provoked by his work as
a teacher. In teaching, he was irritated and provoked by the
chaotic mass of data on the individual elements, and asked
himself the question: Is what we’re doing here really a sci-
ence? Can I present this as a science? Mendeleyev wrote the
following:

The mere accumulation of facts, even an extremely
extensive collection, . . . does not constitute scientific
method; it provides neither a direction for further dis-
coveries nor does it even deserve the name of science in
the higher sense of that word. The cathedral of science
requires not only material, but a design, harmony . . . a
design . . . for the harmonic composition of parts and to

indicate the pathway, by which the most fruitful new
material might be generated.

Mendeleyev arrived at his discovery, after many failed
attempts by other chemists, by juxtaposing two distinct types
of experimentally defined orderings of the elements:

First, the natural division of the elements into distinct chem-
ical groups, each composed of elements having similar or
analogous characteristics of the member-elements, relative to
the totality of the elements, in terms of the types of chemical
compounds and crystals they form, and other physical-chem-
ical properties.

Second, the “ranking” of the elements in a single sequence,
according to increasing values of their atomic weight, starting
from hydrogen and ending with uranium.

Mendeleyev’s choice of that second ordering principle, was
crucial. He correctly hypothesized, that the “atomic weights,”
among all the known physical and chemical parameters,
reflected an invariant, a “something” that is preserved in all
chemical transformations. At the same time, Mendeleyev
steadfastly rejected all attempts at a simplistic explanation of
the sequence of elements, in terms of their being built up, in a
linear fashion; for example, from hydrogen as the main “build-
ing block.” Mendeleyev insisted that each single chemical ele-
ment represented a true “individual.”

Struggling with the ambiguities and inaccuracies of the
then-existing empirical data, Mendeleyev finally gave birth to
the “natural system of elements,” as he called it, and the fun-
damental discovery, that the chemical properties of an ele-
ment are essentially a multiple-periodic function of the ordinal
number of the element in the series of increasing atomic
weights. This principle not only permitted nearly the entirety
of then-existing knowledge of the chemical elements to be
brought together into a coherent whole, but also led
Mendeleyev, and later others, to successfully predict the exis-
tence and characteristics of “missing” chemical individuals.

The Underlying Dynamic Process
But Mendeleyev himself regarded his discovery merely as a

first step. In his 1870 article “On the Natural System of
Elements,” he wrote:

When we succeed in discovering the exact laws for
the periodic dependence of the properties of elements
from their atomic weights, and for the atomic interrela-
tions between the elements, then we will come nearer to
understanding the true nature of the mutual differences
between the elements; then chemistry will be able to
leave the hypothetical domain of the static conceptions,
which have prevailed until today, behind it; and the pos-
sibility will open up, to apply to chemistry the dynami-
cal approach, which has been so fruitfully employed for
the investigation of most physical phenomena [emphasis
added].

The breakthrough in uncovering the dynamic process
underlying the periodic system, came from three experimental
directions. First, by studying the anomalies of the system of
elements: its still-unfilled gaps; the question, why the series of
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Dmitri Mendeleyev. “The implications of what was set in
motion by the discovery of radioactivity and the isotopes,
growing out Mendeleyev’s ‘Keplerian’ understanding of the
periodic system, go far, far beyond anything the world has
seen up to now.”



elements seemed to break off at uranium; and finally, the
anomalous character of the atomic weights themselves, whose
ratios are often close to, but still distinctly different from, sim-
ple whole-number ratios (see below). Second, by investigating
various forms of radiation emitted by atoms. Third, through
pursuit of the anomalies of geochemistry, by investigating the
distribution of the elements in nature, in minerals for example,
where certain elements are found in close association with
one another, “as if” they had some “hereditary” relationship to
each other.

Following Roentgen’s discovery of X-rays, which are gener-
ated when accelerated electrons strike the surface of a metal,
Becquerel found that salts of uranium spontaneously emitted a
weak sort of radiation, capable of darkening photographic
plates, but apparently without the need for any stimulation
from the outside. Marie Curie later coined the term “radioac-
tivity,” suggesting that the source of Becquerel’s radiation lay
in an inherent, dynamic activity of the atoms themselves.
Following up this situation with a new method of measure-
ment, Marie Curie investigated all available minerals, finding
Becquerel’s radiation present exclusively in minerals contain-
ing uranium and thorium—the last and next-to-last elements
in Mendeleyev’s system! Certain anomalies led her to suspect,
that the main source of the radiation was not uranium and tho-

rium themselves, but traces of some
other element or elements, associated
with them in the same minerals. Marie
and her husband, Pierre, were subse-
quently able to isolate, from large
amounts of the uranium ore by-product
pitchblend, two new, highly radioactive
elements: first polonium, and then radi-
um, filling the empty spots of ordinal
numbers 84 and 88 in Mendeleyev’s
table.

That was 1898. An avalanche of new
experimental discoveries unfolded in
the following years. It was found that
radium, in addition to emitting a contin-
uous bluish glow, also produced signifi-
cant amounts of heat, amounting each
year to the equivalent of burning 100
times its weight in coal! And yet, the
heat and light emission from radium
seemed to continue, year after year, with
no sensible decrease. Marie Curie
hypothesized that this radioactivity was
connected with a process of “atomic
transformation” that somehow underlay
the close association of radium and
polonium with uranium and certain
other substances, always found together
in uranium-containing minerals; and
that the radium was very slowly trans-
forming itself into one or other elements.

Subsequent research confirmed her
conjecture: Radium was very slowly
transforming itself into . . . lead! The rate
of transformation was so slow, that after

about 1,600 years only about one half of the original amount of
radium will have turned into lead, accompanied simultaneous-
ly by a gradual release of helium gas. In that process, the radi-
um will have emitted an amount of heat equivalent to nearly a
million times its weight in coal. It was immediately evident, that
the discovery of this new, “atomic” energy would lead to a rev-
olution in human affairs, as soon as means were found for accel-
erating the spontaneous, apparently very slow process of atom-
ic transformation.

Meanwhile, the bigger picture gradually came into focus, of
the existence of several distinct “radioactive decay chains,”
starting from uranium and thorium, in the course of which
many successive atomic transformations occur, simultaneous-
ly and at widely differing average rates, and in which the gen-
eration and decay of radium and polonium constitute inter-
mediate steps on the way to lead as the “end-point.” One of
them, for example, has 15 transformations, jumping back and
forth upwards and downwards in the periodic system, before
finally arriving at lead. Some of the steps occur within sec-
onds, others several minutes or days, still others take years, all
the way up to several billion years for the initial step leading
from uranium.

As Mendeleyev had anticipated, a highly dynamic reality
began to come into view, beneath the apparently tranquil sur-
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Marie Curie surmised that radioactivity was connected with a process of “atomic
transformation” that underlay the close association of radium and polonium with
uranium and certain other substances. Subsequent research confirmed her
conjecture: Radium was slowly being turned into lead.



face of the periodic system, with its seemingly fixed relation-
ships: a world of creation, death, and metamorphosis of ele-
ments, in which different principles are at work than those
expressed in the Periodic Table per se.

Transmutation and the Discovery of Isotopes
So far, radioactivity concerned only the spontaneous trans-

formations occurring in a small handful of elements. But by
1926, scientists had learned to carry out the first “artificial
transmutations” of other elements, transforming nitrogen
atoms into oxygen atoms by exposing them to radiation from
a radioactive source. Evidently, the transmutation of ele-
ments—the dream of the alchemists—was a universal poten-
tiality. The view suggested itself, that the distribution of ele-
ments, found today on the Earth, is a “fossil” of an evolution-
ary process, involving possibly many forms of nuclear reac-
tions. The phenomena of atomic energy provided a crucial
clue to the long-standing riddle, what the power source of our
Sun might be, as well as a possible relationship between
nuclear processes going on in the Sun and stars, and the ori-
gin of the chemical elements.

But already, earlier during the first decade of the 20th
Century, scientists had discovered something else of funda-
mental importance: There was something very special about
the substances produced in radioactive decay processes. Some
of those products of atomic transformations resembled natu-
rally occurring elements very closely, and could not be sepa-
rated from them chemically when mixed together; yet they
had very different radioactive characteristics. For example, the
substance then called “ionium,” arising from the decay of ura-
nium, appeared chemically identical with thorium, but
decayed in mere days; whereas the half-life of natural thorium
is so long (over 10 billion years), that it could barely be esti-
mated at that time.

In 1910, Frederick Soddy suggested that there might exist sub-
species of one and the same element, having different atomic
weights, but virtually identical chemical properties. He coined
for these the term “isotope,” meaning in Greek “the same posi-
tion,” to signify that from a chemical point of view, these sub-
species would belong to the same position in Mendeleyev’s
periodic system. A few years later, researchers could confirm, for
example, that the lead accompanying minerals of uranium has
a different atomic weight, than the lead found in minerals of nat-
ural thorium. Thus, “lead is not lead”: different radioactive
chains end up in different lead isotopes. These discoveries laid
bare an extraordinary ambiguity in the concept of an element,
which had been the entire basis of chemistry!

By the late 1920s, with Aston’s development of the mass
spectrograph, and thereby of the ability to measure atomic
weights with vastly greater precision, it had become clear that
the existence of distinct isotopes was a ubiquitous property of
the chemical elements; and that practically all elements found
in nature, whether radioactive or not, consisted of mixtures of
isotopes in various ratios. It became evident, that the number
of isotopes is many times larger than the number of elements,
even as regards the stable isotopes. Iron, for example, has four
known stable isotopes; calcium has six, and tin, has the record
highest number, with ten, all occurring with significant abun-
dance on the Earth. It lies in the nature of the nuclear trans-

formation processes, that different isotopes of one and the
same element will generally have different origins, different
pre-histories in the evolution of the universe.

Today, some 3,000 different isotopes are known, most of
which were created by man. That corresponds to an average
of about 30 isotopes for each element! Most of these are short-
lived in their “free” state, but they nevertheless represent real-
izable modes of existence of matter in our world.

All of this means adding a new dimensionality to
Mendeleyev’s periodic system. The discovery of isotopes
called for a complete reworking of chemistry. How, then,
should we now conceptualize the ordering of a newly emerg-
ing “periodic system of isotopes”? The answer, as far as sci-
ence has gone with it until today, is inseparably connected
with the anomalies of the atomic weights.

Mendeleyev had based his periodic system on the ranking
or ordinal number of the elements in order of their increasing
atomic weight, using the comparison between this ranking
and the periodicity of chemical and crystallographic charac-
teristics, to correct for the inaccuracies of measurement of the
atomic weights and to determine the positions of “missing”
elements in the series. The challenge remained, to better
understand the significance of the values of the atomic weights
themselves, which manifested both regularities, as well as
curious irregularities.

On the one hand, those values, regardless of the units used
to express them, display an unmistakable tendency to form
whole-number proportions. At the beginning of the 19th
Century, the English chemist William Prout pointed out that the
atomic weights of the elements appeared to be integral multi-
ples of the atomic weight of hydrogen, the lightest element; and
upon this he based his hypothesis, that the elements are some-
how composed from hydrogen as the basic building-block.

Mendeleyev, however, rejected this reductionist conception
on principle, and it was refuted experimentally by more pre-
cise measurements of the atomic weights. Particularly striking
was the case of chlorine, recognized as a chemical element in
1820, and whose atomic weight, relative to that of hydrogen,
is about 35.5. In fact, when Mendeleyev made his periodic
table, he listed the values of the atomic weights for the first
two “octaves” of his system, as they were then known, in a
very rough approximation, as follows:

H 1
Li 7 Be 9.40 B 11 C 12 N 14 O 16 F19
Na 23 Mg 24.3 Al 27.4 Si 28 P 31 S 32 Cl 35.5

What is the cause of the mixture between (very nearly) inte-
gral, as well as clearly non-integral values, and of the irregu-
lar distribution of the “jumps” in the values between succes-
sive elements? Did this mean more “missing” elements, or
even new chemical groups? Elements perhaps of a different
kind, than Mendeleyev allowed for?

New Anomalies
Here the discovery of the isotopes, and the subsequent

measurement of their atomic weights, brought a crucial break-
through. An extraordinary regularity emerged, that had hither-
to been hidden; while at the same time, new anomalies
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appeared, which remain at the core of modern nuclear physics
up to this day.

First, it was recognized, that since the naturally occurring
elements are in reality mixtures of isotopes, having themselves
different atomic weights, the previous measured value for the
elements reflected a kind of average of the atomic weights of
the corresponding isotopes, “weighted” according to the rela-
tive percentages of the isotopes in the mixture. The reason for
the half-integral value for chlorine, for example, lies in the cir-

cumstance, that naturally occurring chlorine is composed of a
mixture of two isotopes, one with atomic weight very nearly
35, the other with atomic weight about 37, in a ratio of
approximately 3 to 1.

Comparing the atomic weights of the isotopes with one
another, instead of those of the elements, the large divergences
from whole-number ratios disappeared and a remarkable new
set of relationships came into focus.

The relationships of the isotope values stick out most clear-
ly, when they are referenced not to hydrogen, but to a certain
specific isotope of carbon (nowadays denoted C-12). When
we set as unit 1/12 the atomic weight of carbon-12, then the
numerical values of the atomic weights of the known isotopes
turn out, without exception, to be within a tenth of so, at most,
from a whole number. In most cases the deviation is even
much smaller (See Table).

Thus, each isotope can be unambiguously associated with a
certain whole number, nowadays called its “mass number,”
which very nearly coincides with its atomic weight.

Hydrogen, for example has naturally occurring isotopes, of
mass numbers 1, 2; oxygen has three: 16, 17, 18; calcium has
six of them: 40, 42, 43, 44, 46, 48; tin has ten: 112, 114, 115,
116, 117, 118, 119, 120, 122, 124, and so on. It was natural
to expect, that where gaps existed in the series of mass num-
bers, as between calcium-44 and calcium-46 for example, an
additional calcium isotope with mass number 45 should exist,
and probably an unstable one—as that would explain its
apparent rarity in nature. Indeed, as accelerators, and later,
nuclear reactors began to produce large quantities of new iso-
topes, many of those “holes” in the series of isotopes were
filled, and the existing series extended upwards and down-
wards. There could hardly be a doubt, that the isotopes of one
and the same element are naturally ordered in the manner of
successive whole numbers.

But then a new set of questions arises: Why are some iso-
topes stable and others not? Why do the gaps tend to occur
most often at odd-number locations? What is the reason that
some elements have many isotopes, others very few, or even
only one? What is the reason for certain patterns in the relative
abundances of different elements in Nature, which have no
obvious relationship to the periodicities of Mendeleyev’s
table?

In the meantime, investigations of the X-ray spectra of
chemical elements provided a new physical foundation for
Mendeleyev’s ordering of the elements themselves, independ-
ent of the atomic weights: The array of X-ray spectral frequen-
cies of a given chemical element, change stepwise in com-
pletely regular and systematic fashion, as we go from one ele-
ment to its successor in the periodic system (see Figure 1). It
became possible to predict the X-ray spectra of yet-unknown
elements, and to identify and discover them, even in extreme-
ly small concentrations, through their telltale X-ray “signa-
ture.” But the X-ray spectra of isotopes of a given element, are
nearly exactly identical, like their chemical behavior.

Isotopes and Gaussian Complex Numbers
Thus, atoms in our universe appeared to have a twofold

nature:
First, their identity as chemical elements, reflected in their
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This table shows the relative atomic mass and relative
abundance of isotopes of the 12 lightest elements.
Source: International Union of Pure and Applied Chemistry, 1997,
http://www.iupac.org/reports/1998/7001rosman/iso.pdf

ATOMIC WEIGHTS AND ISOTOPIC COMPOSITION
FOR SELECTED ELEMENTS

Relative Isotopic
Isotope Atomic Mass Composition

_____________________________________________________

1 H 1 1.007 825 032 1(4) 99.9885(70)

D 2 2.014 101 778 0(4) 0.0115(70) 

T 3 3.016 049 2675(11) 
_____________________________________________________

2 He 3 3.016 029 309 7(9) 0.000

137(3)

4 4.002 603 2497(10) 99.999

863(3)
_____________________________________________________

3 Li 6 6.015 122 3(5) 7.59(4)

7 7.016 004 0(5) 92.41(4)
_____________________________________________________

4 Be 9 9.012 182 1(4) 100
_____________________________________________________

5 B 10 10.012 937 0(4) 19.9(7)

11 11.009 305 5(5) 80.1(7)
_____________________________________________________

6 C 12 12.000 000 0(0) 98.93(8)

13 13.003 354 8378(10) 1.07(8) 

14 14.003 241 988(4)
_____________________________________________________

7 N 14 14.003 074 005 2(9) 99.632(7)15 

15.000 108 898 4(9) 0.368(7)
_____________________________________________________

8 O 16 15.994 914 6221(15) 99.757(16)

17 16.999 131 50(22) 0.038(1) 

18 17.999 160 4(9) 0.205(14)
_____________________________________________________

9 F 19 18.998 403 20(7) 100
_____________________________________________________

10 Ne 20 19.992 440 1759(20) 90.48(3)

21 20.993 846 74(4) 0.27(1) 

22 21.991 385 51(23) 9.25(3)
_____________________________________________________

11 Na 23 22.989 769 67(23) 100
_____________________________________________________

12 Mg 24 23.985 041 90(20) 78.99(4)

25 24.985 837 02(20) 10.00(1) 

26 25.982 593 04(21) 11.01(3)
_____________________________________________________



affinities for other elements,
with which they form
chemical compounds; in
the types of crystals they
form, alone or in combina-
tion with other elements; in
the conditions under which
they take solid, liquid, or
gaseous forms, and so forth;
and in their optical and X-
ray spectra.

Second, their “new” iden-
tity as isotopes, in the con-
text of all the discoveries we
have just summarized,
which form the main start-
ing point for the domain
called “nuclear physics.”

Finally, these two aspects
must be intimately connect-
ed with each other, in ways
that are not yet adequately
understood.

Much is left to be done,
but we know that the emer-
gence of nuclear physics, in
the process we have just
sketched, exemplifies the
form of progression of
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Figure 1
HIGH FREQUENCY SPECTRA

OF THE ELEMENTS
British spectroscopist H.G.J.
Moseley published this graph of
the spectra of the elements in
1913. He arranged the spectra of
the elements on horizontal lines
spaced at equal distances, order-
ing the elements according to
atomic weight (with a few excep-
tions). This revealed the simple
proportionality between the atom-
ic number (or ordinal number) of
elements in the periodic table
(vertical axis), and the square
roots of the main frequencies of
emission (emission lines) of X-rays
by atoms of those elements (hori-
zontal axis), when excited by
electrons (cathode rays).

“This is equivalent to assigning to successive elements a
series of successive characteristic integers,” Moseley wrote.
“. . .This proceeding is justified by the fact that it introduces
perfect regularity into the X-rays spectra. . . . We can there-
fore conclude from the evidence of the X-ray spectra alone,

without using any theory of atomic structure, that these
integers are really characteristic of the elements.”

Source: H.G.J. Moseley, M.A., “The High Frequency Spectra of the
Elements,” Phil. Mag. (1913), p. 1024. See http://dbhs.wvusd.k12.ca.us/
webdocs/Chem-History/Moseley-article.html.

Figure 2
COMPLEX MAPPING OF THE ISOTOPES
The isotopes can be ordered by associating
each with a Gaussian complex whole
number. The atomic number of the isotope
according to Mendeleyev’s periodic system
is mapped on the horizontal axis (the “real
axis”), and the mass number is mapped on
the vertical axis, the “imaginary part.” This
locates the isotopes of an element on lines
parallel to the vertical axis, at heights cor-
responding to the whole number closest to
its atomic weight. This lays a preliminary
basis for the real work of discovering the
physical principles underlying the exis-
tence and transformations of the isotopes
and the relationship between the chemical
and nuclear processes. The tiny discrepan-
cies between the physical values of the
atomic weights, and the integers of the
mass number are key.

Note that this representation differs from
the more common one, which chooses for
the vertical coordinate the excess of mass
number over atomic number, usually
referred to as the neutron number, rather
than simply the mass number used here.



human knowledge that Bernhard Riemann described in his
famous paper “On the Hypotheses Underlying Geometry”: the
generation of a higher-order manifold of human practice out of
a lower-order one, by the integration of an additional newly
discovered physical principle.

How, then, should we now represent the emerging system
of isotopes? The most straightforward approach, given the
fact of the emergence of a new “dimensionality” in
Riemann’s sense, is that originally employed by Carl Gauss
in his treatment of biquadratic residues.32 To map out the
combined effect of two different ordering principles, Gauss
extended the ordinary number domain by introducing the
so-called imaginary complex whole numbers. Gauss’s sys-
tem of complex whole numbers can be represented visually
as the system of lattice-points in a plane, where the hori-
zontal, so-called “real axis” represents the mode of dis-
placement corresponding to the ordinary whole numbers,
and the vertical so-called “imaginary axis” represents dis-
placement according to the new principle. The relationship
between the two principles of displacement, defines a third
principle.

Apply this now to the ordering of the isotopes! Think of each
isotope as being associated with a complex whole number—
i.e., in the geometrical representation, by a specific locus in
the lattice—in the following manner. The component of the
isotope along the horizontal, “real axis,” should be the ordinal
number of the corresponding element in Mendeleyev’s origi-
nal periodic system, otherwise known as its atomic number.
The “imaginary part,” i.e., its component in the vertical direc-
tion, should be its mass number. Thus, the isotopes of a given
element are located on lines parallel to the vertical axis, at
heights corresponding to their atomic weights, or rather to the
whole-number closest to them (Figure 2).

To put it more schematically: The isotope of an element of
atomic number Z, and having mass number M, corresponds to
the Gaussian complex number Z + iM.

Merely mapping the isotopes by complex ordinal numbers
only lays a preliminary basis for the real work, which is to dis-
cover the physical principles underlying the existence and
transformations of the isotopes, and the relationship between
the “chemical” and “nuclear” processes.

A crucial clue lies in the pattern of tiny discrepancies
between the actual, physical values of the atomic weights, on
the one side, and the integer mass numbers used in our map-
ping, on the other. It is exactly in those tiny discrepancies, that
the whole potential of nuclear power resides! They are analo-
gous to the tiny differences between the observed motion of
Mars, from that predicted on the assumption of uniform circu-
lar motion of the planets, which permitted Kepler to discover
the principle of universal gravitation.

What, for example, is the relationship between the atomic
weights of two atoms, and that of an atom that might, hypo-
thetically, be formed by some sort of fusion of the two?

One of the simplest cases, would be to combine two atoms
of the hydrogen isotope of ordinal number 1 + 2i (called deu-
terium), to get an atom of the helium isotope 2 + 4i (the most
common form of helium, helium-4). Here, the complex ordi-
nal numbers add up algebraically. But what about the actual
atomic weights?

The atomic weight of deuterium, from actual measurement,
is 2.014102 mass units, the double of which is 4.028204. The
measured atomic weight of an atom of helium-4, on the other
hand, is 4.002603, which is slightly smaller than the former
value, by 0.025601 mass units, or about 0.6 percent. What
might follow from the observation, that a helium-4 atom is 0.6
percent lighter than two deuterium atoms, taken separately? If
it were possible for the deuterium atoms to reorganize them-
selves into a helium atom, the result would involve a net
decrease in mass.

In fact, the fusion of isotopes of hydrogen to form helium is
believed to be the main power source of the Sun. The main
reactions, that take the form of a chain starting with ordinary
hydrogen rather than deuterium, appear to be more compli-
cated than our hypothetical one, but they share the common
characteristic: At the end, the atomic weight of the end-prod-
uct(s) is less than that of the reactants. What is the significance
of that?

To the best of our present knowledge, Einstein’s general
answer is correct, namely, that the rate of generation of “miss-
ing mass” is proportional to power output of the star. We can-
not directly measure the slow loss of mass of the Sun, for
example, but we can observe the same sort of proportional
relationship quite directly in countless radioactive processes
and nuclear reactions. That also holds for nuclear fission,
where the sum of masses of the fragments, generated by the
fission of a uranium nucleus, is very slightly, but measurably,
smaller than the mass of the original nucleus. More precisely,
the “missing” mass amounts to 0.087 percent of the mass of
the uranium nucleus.

It seems, therefore, to be those tiny discrepancies in terms of
atomic weights, that hold the key to the Sun’s power to main-
tain our biosphere, and to our own power to maintain the
world population on the basis of nuclear energy in the coming
period. And yet, as Kepler confronted the anomaly of slight
“errors” in the predicted positions of Mars, relative to the
reductionist calculations of Ptolemy, Tycho Brahe, and
Copernicus—errors reflecting the existence of a higher princi-
ple that he later identified as universal gravitation—so today, a
conceptual leap is required, to discover the principles of a
new nuclear physics.

I will just note, in conclusion, that the magnetic character-
istics of an isotope could be considered as, in a sense, the
“imaginary” component of the value of the mass function for
the corresponding complex ordinal. By including the addi-
tional dimension of nuclear isomers (so-called excited states of
nuclei, which have changed magnetic characteristics), we can
construct a more comprehensive Riemann surface function for
the principles in question.

___________________

Jonathan Tennenbaum, who heads the Fusion Energy Founda-
tion in Europe, is a longtime science advisor to Lyndon LaRouche.
He can be reached via e-mail at tennenbaum@debitel.net.
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32. See Carl Gauss, “The Metaphysics of Complex Numbers,” translated
from Gauss Werke, Vol. 2, pp. 171-178, by Jonathan Tennenbaum
in 21st Century, Spring 1990. Also see “Carl Gauss’s Fundamental
Theorem of Algebra: His Declaration of Independence” by Bruce Director,
Fidelio, Summer-Fall 2002, on http://www.schillerinstitute.org/educ/peda-
gogy/gauss fund bmd0402.html.




