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Pedagogy

Dialogue on the Fundamentals
Of Sound Education Policy

by Lyndon H. LaRouche, Jr.

Democratic Presidential pre-candidate LaRouche, Jr. ree  opment of a true anti-Euclidean (rather than merely non-Eu-
spondsto a question on“ educationreform,” senttohiscam-  clidean) geometry.
paign website. In his later writings on the subject of the fundamental
theorem, Gauss was usually far more cautious about attacking

Sometimes, even often, perhaps, the best way to attack an the reductionist school of Euler, Lagrange, and Cauchy, ur
apparently nebulous subject-matter, such as today’s animattear the end of his life, when he elected to make reference to
training of students to appear to pass standardized designs of his youthful discoveries of anti-Euclidean geometry. Ther
tests, istoflank the apparentissue, in order to getto the deepdore, itisindispensable to read his later writings on the subject
underlying issues which the apparent subject-matter merely  of the fundamental theorem in light of the first. From tha
symptomizes. | respond accordingly. point of view, the consistency of his underlying argument in

There is a growing number of persons, chiefly university  all cases, is clear, and also the connection which Rieman
students, who have become active in our work here, and whaites in his own habilitation dissertation is also clarified.
represent special educational needs and concerns. These con-
cerns include the insult of being subjected to virtually infor- The Central | ssue of M ethod
mation-packed, butknowledge-free, and very high-priceded- Now, on background. Over the past decades of arguing,
ucation. More significant, is being deprived of access to the teaching, and writing on the subject of scientific method, |
kind of knowledge to which they ought to have access as have struggled to devise the optimal pedagogy for providing
matter of right. In various sessions in which they have tackled students and others with a more concise set of cognitive exe
me in concentrations of one to several score individuals eacltjses by means of which they might come to grips with the
many of the topics posed add up to a challenge to me: “What  central issue of method more quickly. | have included th
are you going to do to give us a real education?” There isvork of Plato and his followers in his Academy, through
nothing unjust in that demand; | welcome it. However, deliv- Eratosthenes, and moderns such as Brunelleschi, Cusa, Pa
ering the product in a relatively short time, is a bit of a chal-oli, Leonardo, Kepler, Fermat, Huyghens, Bernoulli, and
lenge. Leibniz, among others of that same anti-reductionist current

| have supplied some extensive answers to that sort af science. Allthat | can see in retrospect as sound pedagogy,
question, but let me reply to your question by focussing upon but not yet adequate for the needs of the broad range of sp
what | have chosen as the cutting-edge of the package | haw@alist interest of the young people to whom | have referred.
presented. I needed something still more concise, which would establish

In the same period he was completing Bisquisitiones  the crucial working-point at issue in the most efficient way,
Arithmeticae, young Carl Gauss presented the first of his  anapproach which would meetthe needs of such awide rang
several presentations of his discovery of the fundamental thesf students and the like. My recent decision, developed in
orem of algebra. In the first of these he detailed the factthat  concert with a team of my collaborators on this specific mat
his discovery of the definition and deeper meaning of thder, has been to pivot an approach to a general policy for
complex domain provided a comprehensive refutation of the secondary and university undergraduate education in physic
anti-Leibniz doctrine of “imaginary numbers” which had science, onthe case of Gauss’s first presentation of his funda-
been circulated by Euler and Lagrange. Gauss, working from mental theorem.
the standpoint of the most creative of hiSt@men profes- Gattingen’s Leipzig-rooted Abraham’istner, was a uni-
sors, Katner, successfully attacked the problem of showing  versal genius, the leading defender of the work of Leibniz anc
the folly of Euler's and Lagrange’s work, and gave us bothJ.S. Bach, and akey figure in that all-sided development of the
the modern notion of the complex domain, as well as laying German Classic typifiegneka own Lessing, Lessing’s
the basis for the integration of the contributions of both Gausgollaborator against Euler et al., Moses Mendelssohn, and
and Dirichletunder the umbrellaof Riemann’'s originaldevel-  such followers of theirs as Goethe, Schiller, and of Wolfgang
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Mozart, Beethoven, Schubert, the Humboldt brothers, and
Gerhard Scharnhorst. On account of his genius, Kastner was
defamed by the reductionist circles of Euler, Lagrange, La-
place, Cauchy, Poisson, et al., to such a degree that plainly
fraudulent libel s against him became almost an article of reli-
giousfaith among reductionists even in hislifetime, down to
modern scholars who pass on those frauds as eternal verities
to the present time. Among the crucial contributions of
Kastnertoall subsequent physical science, washisoriginating
thenotion of an explicitly anti-Euclidean conception of math-
ematicsto such followersashisstudent theyoung Carl Gauss.
Gauss s first publication of his own discovery of the funda-
mental theorem of algebra, makesall of theseconnectionsand
their presently continued leading relevance for science clear.

Platonic vs. Reductionist Traditions

Thisshift in my tacticshasthefollowing crucial features.

The crucial issue of science and science education in Eu-
ropean civilization, from the time of Pythagoras and Plato,
until the present, has been the division between the Platonic
and reductionist traditions. Theformer astypified for modern
science by Cusa’ soriginal definition of modern experimental
principles, and such followers of Cusa as Pacioli, Leonardo,
Gilbert, Kepler, Fermat, et a. The reductionists, typified by
the Aristotel eans (such as Ptolemy, Copernicus, and Brahe),
the empiricists (Sarpi, Galileo, et a., through Euler and La
grange, and beyond), the*“ critical school” of neo-Aristotelean
empiricists (Kant, Hegel), the positivists, and the existential -
ists. This division is otherwise expressed as the conflict be-
tween reductionism inthe guise of the effort to derivephysics
from “ivory tower” mathematics, as opposed to the methods
of (for example) Kepler, Leibniz, Gauss, and Riemann, to
derivemathematics, asatool of physical science, from experi-
mental physics.

The pedagogical challenge which the students' demands
presented to me and to such collaboratorsin thisas Dr. Jona-
than Tennenbaumand Mr. Bruce Director, hasbeento express
these issues in the most concise, experimentally grounded
way. All of Gauss' sprincipal work pointsin the needed direc-
tion. The cornerstone of al Gauss' s greatest contributions to
physical scienceand mathematicsisexpressed by thescience-
historical issues embedded in Gauss' sfirst presentation of his
discovery of the fundamental theorem of algebra

All reductionist methodsin consi stent mathematical prac-
tice depend upon the assumption of the existence of certain
kinds of definitions, axioms, and postul ates, which are taught
as"“sdlf-evident,” aclaim chiefly premised on the assumption
that they are derived from the essential nature of blind faith
in sense-certainty itself. For as far back in the history of this
matter asweknow it today, theonly coherent form of contrary
method is that associated with the term “the method of hy-
pothesis,” as that method is best typified in the most general
way by the collection of Plato’ s Socratic dialogues. The cases
of the Meno, the Theatetus, and the Timaeus, most neatly
typify those issues of method as they pertain immediately to
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matters of the rel ationship between mathematicsand physical
science. The setting forth of the principles of an experimental
scientific method based upon that method of hypothesis, was
introduced by Nicholas of Cusa, in aseries of writings begin-
ning with his De Docta Ignorantia. The modern Platonic
current in physical science and mathematics, isderived axio-
matically from the reading of Platonic method introduced by
Cusa. Thefirst successful attempt at acomprehensive mathe-
matical physics based upon these principles of a method of
physical science, isthework of Kepler.

From thebeginning, assincethedial oguesof Plato, scien-
tific method has been premised upon the demonstration that
the formalist interpretation of reality breaks down, fatally,
when the use of that interpretation is confronted by certain
empirically well-defined ontological paradoxes, as typified
by the case of the original discovery of universal gravitation
by Kepler, asreportedin his1609 The New Astronomy. The
only true solution to such paradoxes occurs in the form of
the generation of an hypothesis, an hypothesis of the quality
which overturnssome existing defi niti ons, axioms, and postu-
lates, and also introduces hypothetical new universal prin-
ciples. The validation of such hypotheses, by appropriately
exhaustive experimental methods, establishes such an hy-
pothesis as what is to be recognized as either a universa
physical principle, or the equivalent (as in the case of J.S.
Bach’sdiscovery and development of principles of composi-
tion of well-tempered counterpoint).

The Geometry of the Complex Domain

Gauss' sdevastating refutation of Euler’ sand Lagrange’s
mi sconception of “imaginary numbers,” and theintroduction
of the notion of the physical efficiency of the geometry of the
complex domain, is the foundation of all defensible concep-
tionsin modern mathematical physics. Here lies the pivot of
my proposed general use of this case of Gauss' srefutation of
Euler and Lagrange, as acornerstone of anew curriculum for
secondary and university undergraduate students.

Summarily, Gauss demonstrated not only that arithmetic
is not competently derived axiomatically from the notion of
the so-called counting numbers, but that the proof of theexis-
tence of the complex domain within the number-domain,
showed two things of crucial importance for al scientific
method thereafter. These complex variables are not merely
powers, in the sense that quadratic and cubic functions define
powers distinct from simple linearity. They represent a re-
placement for the linear notions of dimensionality, by agen-
eral notion of extended magnitudes of physical space-time,
as Riemann generalized thisfrom, chiefly, the standpoints of
both Gauss and Dirichlet, in his habilitation dissertation.

The elementary character of that theorem of Gauss, so
situated, destroystheivory-tower axiomsof Euler et al.inan
elementary way, frominsidearithmeticitself. It also provides
a standard of reference for the use of the term “truth,” as
distinct from mere opinion, within mathematics and physical
science, and also within the domain of social relations. Those
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goals are achieved only on the condition that the student
works through Gauss's own cognitive experience, both in
making the discovery and in refuting reductionism generi-
caly. Itistheinner, cognitivesenseof “| know,” rather than*“|
have been taught to believe,” which must become the clearly
understood principle of a revived policy of a universalized
Classical humanist education.

Once a dedicated student achieves the inner cognitive
sense of “I know this,” he, or she has gained a bench-mark
against which to measure many other things.

Bringing the Invisible
To the Surface

by Bruce Director

Thisisthe second half of a pedagogical exercise onthegreat
mathematician Carl Gauss delving into the Fundamental
Theorem of Algebra—something all high school graduates
think they have learned. The first part, “ The Fundamental
Theorem: Gauss Declaration of Independence,” was pub-
lished in EIR of April 12.

When Carl Friedrich Gauss in 1798 criticized the state of
mathematicsfor its“ shallowness,” he spokeliterally; and not
only about histime, but alsoours. Then, asnow, it had become
popular for academicstoignore, and evenridicule, any effort
to search for universal physical principles, restricting the
province of scientific inquiry to the seemingly more practical
task, of describing only what’s visible on the surface. Ironi-
cally, asGaussdemonstrated in his1799 doctoral dissertation
on the fundamental theorem of algebra, what’ son the surface
isrevealed only if one knowswhat’s underneath.

Gauss' method wasancient, madefamousinPlato’ smeta-
phor of the cave, given new potency by Johannes Kepler's
application of Nicholas of Cusa’ s method of On Learned 1g-
norance. For them, the task of the scientist was to bring into
view, the underlying physical principles that could not be
viewed directly—the unseen that guided the seen.

Takethe case of Fermat’ s discovery of the principle, that
refracted light follows the path of least time, instead of the
path of least distance followed by reflected light. The princi-
ple of least distanceisonethat lies on the surface, and can be
demonstrated in the visible domain. On the other hand, the
principleof least timeexists“behind,” soto speak, thevisible;
brought into view only in the mind. On further reflection, it
is clear, that the principle of least time was there al along,
controlling, invisibly, the principle of least distance. In
Plato’s terms of reference, the principle of least timeis of a
“higher power” than the principle of |east distance.

Fermat’ sdiscovery isauseful referencepoint for grasping
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FIGURE 1

X/

A succession of algebraic powersis generated by a self-similar
spiral. For equal angles of rotation, the lengths of the
corresponding radii are increased to the next power.

Gauss concept of the complex domain. As Gauss himself
stated, unequivocally, the complex domain does not mean
Euler’sformal, superficial concept of “impossible” or imagi-
nary numbers, as taught by “experts’ since. Rather, Gauss
concept of the complex domain, like Fermat’s principle of
least time, brings to the surface, aprinciple that wasthere all
along, but hidden from view.

As Gauss emphasized in his jubilee re-working of his
1799 dissertation, the concept of the complex domain is a
“higher domain,” independent of all a priori concepts of
space. Y et, itisadomain, “inwhich one cannot movewithout
the use of language borrowed from spatial images.”

TheAlgebraic and the Transcendental

Theissue for him, asfor Gottfried Leibniz, wasto find a
general principlethat characterized what had become known
as"algebraic” magnitudes. These magnitudes, associated ini-
tially with the extension of lines, squares, and cubes, all fell
under Plato’ s concept of dunamais, or powers.

Leibniz had shown, that while the domain of all “age-
braic” magnitudesconsi sted of asuccession of higher powers,
thisentirealgebraic domainwasitself dominated by adomain
of astill higher power, which Leibniz called “transcendental .”
The relationship of the lower domain of algebraic magni-
tudes, to the higher non-algebraic domain of transcendental
maghnitudes, is reflected in what Jakob Bernoulli discovered
about the equi-angular spiral (see Figure 1).

Leibniz, with Jakob’s brother Johann Bernoulli, subse-
guently demonstrated that this higher, transcendental domain
does not exist as a purely geometric principle, but originates
fromthe physical action of ahanging chain, whose geometric
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