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Leonardo from LaRouche’s Standpoint:
The Principle of Least Action
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his book on Leonardo, goes so far as to
describe Nicolaus of Cusa, the founder
of Renaissance science who profoundly
influenced Leonardo, as a forerunner of
Francis Bacon!3 According to such an
idiotic view, Leonardo painted rocks
accurately because of his “realism.” In a
word: “He painted them that way,
because that’s the way they looked.” Or,
as Aristotle had it: The purpose of art is
to imitate nature.
In this brief article, I shall indicate
why this is not the case, drawing upon
the in-depth treatment of the epistemological issues provided in many works
by Lyndon H. LaRouche, Jr.4
Leonardo’s Conception of
Physical Geometry
Contrary to the empiricists, Leonardo
approached the natural world from the
standpoint of the Platonic method of
hypothesis: looking beyond the Many—
the predicated phenomena of the natural world—to conceptualize the One—
the higher-order idea that generates and
encompasses that diversity. Studying the
geometry of natural forms (whether
rocks, water, air, or living bodies), in
collaboration with mathematician Luca
Pacioli, he sought to understand the way
in which the physical geometry of spacetime bounds the patterns of natural
growth and development.
LaRouche has described the epistemological current in history of which
Leonardo was a part: “[T]he literature
of modern physical science is divided
into two camps. The first camp, which
founded modern physical science in
terms of reference to Plato and Archimedes (287-212 B . C .), is the school of
Nicolaus of Cusa, Leonardo da Vinci,
Johannes Kepler, G.W.F. Leibniz, Gaspard Monge (1746-1818), Carl Gauss,
and Bernhard Riemann, based upon the
‘hereditary principle’ of synthetic physical geometry. The second camp, which
invaded the province of physical science
from the outside, during the Seventeenth century, about two hundred
years later, is based upon the ‘hereditary
principle’ of the deductive theorem-lattice. Although the literature of the two
camps often appears to coincide, on
closer scrutiny of both, there is an
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unbridgeable gulf between the two.”5
It is that “hereditary principle of synthetic physical geometry” that holds the
key to Leonardo’s so-called landscapes,
and the depiction of the geological formations in the Virgin’s grotto.
The breakthrough in the science of
perspective made during the Renaissance by Leonardo and other artists,
for the first time located geometry
firmly in the study of real physical
processes. From their investigations of
optics and of how human beings perceive the world around them, they
developed an understanding of the
laws of perspective that went far
beyond the linear, Euclidean geometry
of their predecessors.6
Compare the Earth-centered geometrical universe of hoaxster Claudius
Ptolemy, for example, who described
the universe as a complex interaction
of circles upon circles, to account
mathematically for the observed paths
of the celestial bodies. While Ptolemy’s
geometrical construct succeeded, up to
a point, in describing the motions of
the sun, moon, and planets, it was
never even intended to be a description of reality. The concatenated sets
of epicycles, equants, and deferents
imposed by Ptolemy were never
assumed to have any physical reality,
and no explanation was ever offered,

as to how this description might relate
to the actual physical processes at
work. (Of course, it couldn’t!)
But, for Leonardo, mathematics—
i.e., geometry—must describe real
processes in space-time. It is therefore,
necessarily, a description of change, of
continuing transformation. Starting
with the division of a spherical shell by
means of the Golden Section (or what
Leonardo and Pacioli called “the Divine
Proportion”), to generate the five Platonic solids, Leonardo would proceed to
investigate the specific geometries
expressed by both living and non-living
processes. He studied what happens to a
shape, such as a triangle, when it is
deformed by wind, water, or other physical process. He probed the geometry of
wave formation, founding the science of
hydrodynamics. His astronomical and
optical drawings, such as those in the
Codex Leicester, were an attempt to
understand how light actually behaves.
This quest led him to two revolutionary
conceptions: (1) that light is propagated
at a finite rate, not instantaneously (two
hundred years before Ole Rømer proved
this); and (2) that light is propagated by
transverse wave motion, not by “rays” of
tiny particles (two hundred years before
Christiaan Huyghens and Johann
Bernouilli elaborated this).7 The two
ideas are related, since if light travels in

Diagram of the Louvre Virgin of the Rocks
“From top to bottom: Rounded (spherically weathered) mounds of horizontally
layered (bedded) sandstone form the top of the grotto. The column of rock above
the Virgin’s head is diabase, an igneous rock deposited on the sandstone as a
molten liquid. As it cooled, the diabase formed a layer of rock (a sill) and shrank in
volume. The contraction caused the rock to crack perpendicular to the sandstone,
forming columnar joints (fractures). The columnar joints in the painting are not
perfectly vertical, but inclined slightly. This implies that the sandstone dips a few
degrees away from the observer, which is borne out by close study of the layers.
Directly above the Virgin’s head is a horizontal line (basal contact) that separates
the diabase sill from the weathered sandstone below. The texture and rounded
weathering pattern of the sandstone below the basal contact are the same as they
are at the top of the grotto. In the foreground, the sandstone is layered, or bedded,
with the utmost accuracy. In the background, rocky towers, or pinnacles, rise from
a blue-gray mist. These towers are remnants of erosional processes that strip away
the overlying softer rock and leave the more weather resistant, harder rock intact.”
(Copyright © Ann Pizzorusso, reprinted with permission)

waves, it cannot propagate instantaneously. Without the idea of the finite
rate of propagation of light, there can be
no scientific comprehension of optics—
only Newtonian magic.
An Example: The Least-Action
Principle
The contribution of an outstanding
individual such as Leonardo is best
understood by looking at the current of
human thought from which it derives,
“hereditarily,” and where it leads. Starting with Nicolaus of Cusa’s discovery of
the Maximum-Minimum Principle, we
work our way through the founding of

applied physics by Leonardo and Pacioli, through Kepler’s establishment of a
comprehensive mathematical physics,
and on to the work of Leibniz, Gauss,
Riemann, and LaRouche.
To understand Leonardo’s conception of physical geometry, it is useful to
look at what LaRouche has called “the
Cusa-Leonardo-Kepler-Leibniz-Riemann definition of the Principle of
Least Action.” (Actually, we need
another hyphen: “-LaRouche.” It is only
with LaRouche’s contribution that the
continuity of the work of the earlier figures comes into clear focus.)
As Martin Kemp notes in the Codex

Leicester catalogue, Leonardo believed
that every phenomenon was constrained
to act in accordance with the laws of
nature, and that every form was designed
to perform its function by the “shortest
way.” But, these are none other than
Leibniz’s principles of necessary and sufficient reason and least action, two of the
most important ideas in the history of
science (although Kemp mentions them
only in passing, and does not identify
them by name). Indeed, two hundred
years before Leibniz, Leonardo wrote:
“Every action in nature takes place in
the shortest way possible.”8
What is the least-action principle?
Many lies have been told about this in the
past five hundred years. If you are an
“Information Age” modern, and search
for it on the Internet, you will find that it
was “stated for the first time by PierreLouis Moreau de Maupertuis (1698-1759)
as ‘Nature is thrifty in all its actions.’”9
Thrifty? —“Thrift, thrift, Horatio!”
said Hamlet, with reference to his mother’s marriage to her husband’s murderer: “The funeral baked meats did coldly
furnish forth the marriage tables.”
No, the least-action principle is not a
question of thrift, although Adam
Smith and the bankers of the City of
London might think so! It is a principle
of creation. Leibniz described it as
“God’s decree always to produce his
effect by the simplest and most determinate ways.”10
In fact, Maupertuis stole the leastaction principle from Leibniz, stripping
it of its true scientific-epistemological
content, and turning it into a calculus
for the later economics of Adam Smith
and utilitarian philosophy of Jeremy
Bentham. 11 When his swindle was
exposed, he was defended by the Swiss
mathematician Leonhard Euler, who
otherwise devoted his career to crushing
the influence of Leibniz.
From Cusa to LaRouche
To find the true origins of the leastaction principle, we must begin with
Nicolaus of Cusa. By his proof of the
impossibility of “squaring” the circle, he
made possible the entire future development of mathematical physics. As
LaRouche writes,12 the crucial feature
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Notes and observations from the “Codex
Leicester.” Left: Obstacles affecting currents,
and their use to prevent damage to riverbanks
(detail, fol. 13B). Right: Movement of water
through narrow passages and under bridges
(detail, fol. 9r). Below: Siphons and centers in
the sphere of water (detail, fol. 34v).

American Museum of Natural History

American Museum of Natural History

American Museum of Natural History

was the “Maximum-Minimum” principle, from which the isoperimetric principle of topology is derived, and also
Leibniz’s principle of least action. The
circle is the minimum form that encloses
the maximum area.
Among the implications of Cusa’s
isoperimetric principle, writes LaRouche,13 are that (1) circular action is a
distinct geometrical species of action in
space-time; and (2) it is defined as the
least action of closed perimetric displacement required to subtend the relatively
largest area. “Thus, the FermatHuyghens-Leibniz-Bernouilli principle
of least action is already implicit,
‘hereditarily,’ in Cusa’s discovery.”
Cusa’s work set the stage for the crucial discoveries of Pacioli and Leonardo
respecting the importance of the Golden
Section. They showed that all living
processes are ordered harmonically,
bounded by the Golden Section relationship, whereas non-living processes are
not. For living processes, the Golden
Section represents a least-action pathway
of growth and development.
In the same way, Leonardo investigated least-action pathways in wave
and vortex formations in water. In
optics, he explored the pathways of the
propagation of light, the formation of
caustics, and which geometrical configurations of lenses could eliminate the
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caustic and allow a light beam to focus.
“Then, with stunning force, comes
Kepler,” writes LaRouche.14
Reflecting on the work of Cusa,
Pacioli, and Leonardo, Kepler comments that “there were three things in
particular about which I persistently
sought the reasons why they were such
and not otherwise: the number, the
size, and the motion of the circles
[planetary orbits].”15 He discovers that
the orbits of the planets are far from
arbitrary; they are determined by the
curvature of physical space-time itself,
as reflected in the Platonic solids, harmonic musical proportions, and conic
functions. (That is, he supplies a particular sort of “why” missing in Ptolemy’s
descriptive construct.)
LaRouche emphasizes the aspect of
curvature in Kepler’s work: “The additional crucial feature of circular action,
is that it defines our universe in terms of
both negative and positive curvatures,
with the demonstration that negative
curvature predominates. This point is
summed up rather neatly in Johannes
Kepler’s 1611 booklet, On the Six-Cornered Snowflake. The snowflake is a
non-living process determined by the
function of positive curvature in determining the close packing of spherical
bubbles. The negative curvature of the
interior of each and all bubbles deter-

mines structures ‘hereditarily’ cohering
with the five Platonic solids, and, thus,
with the harmonic orderings cohering
with the Golden section of the circumscribing sphere’s great circle.
“The universe can be considered as
everywhere superdensely packed with
spherical bubbles of all imaginable radii,
as the unique, bounding characteristic of
generalized ‘non-algebraic’ function
shows this to be necessarily the case. By
the close of the seventeenth century, it
was implicitly demonstrated that this
bubbly universality of the least-action
principle is otherwise characterized by
the combined notions of electromagnetic
least action and hydrodynamic forms of
such action. Thus, frequency of radiation is associated with a corresponding
resonant set of bubbles—e.g., of corresponding radii.”16
Leibniz’s concepts of necessary and
sufficient reason and least action derive,
hereditarily, from Kepler’s work.
The first, Leibniz defines simply as
“that nothing happens without it being
possible for someone who knows
enough things to give a reason sufficient to determine why it is so and not
otherwise.” 17 This is the principle
underlying Kepler’s question, quoted
above, as to the number, size, and orbits
of the planets.18
The least-action principle is a special

case of the principle of necessary and
sufficient reason. As Leibniz explains:
“It follows from the supreme perfection
of God that he chose the best possible
plan in producing the universe, a plan in
which there is the greatest variety
together with the greatest order. The
most carefully used plot of ground,
place, and time; the greatest effect produced by the simplest means; the most
power, knowledge, happiness, and
goodness in created things that the universe could allow. For, since all the possibles have a claim to existence in God’s
understanding in proportion to their
perfections, the result of all these claims
must be the most perfect actual world
possible. And without this, it would not
be possible to give a reason for why things
have turned out in this way rather than
otherwise.”19 [Emphasis added]
Now, returning to the Virgin of the
Rocks after this quick tour through the
history of ideas, we are better situated to
look at the “landscape” through Leonardo’s eyes. He wonders about the processes that long ago formed the diverse varieties of rocks in the grotto. At the top of
the cave, in the Louvre painting, reports
Pizzorusso, are mounds of sandstone, a
sedimentary rock. It has crumbled sufficiently to allow the roots of plants to
grow. Above the Virgin’s head is diabase, an igneous rock. No plants grow
here—it is too hard and resistant to erosion. Directly above the Virgin’s head is
a horizontal crack in the rocks, called a
basal or bottom contact—the seam
between the diabase above and another
layer of sandstone below.
In the Codex Leicester, Leonardo
puzzles over how fossils of seashells and
other creatures can be found at the tops
of mountains. He rejects the theory that
they were swept there by the turbulent
biblical Flood: If they had been, they
would all be a jumble, and yet, we find
them in orderly groups and colonies,
just as they grow today. The mountains
must, he writes, have been covered by
standing water at one time.
So, too, in the Louvre Virgin of the
Rocks, Leonardo asks: How did this
come to be? He records his exploration
of the processes, in physical geometry,
which produced these geological forms.

The processes must result in the most
perfect actual world possible, a world
whose perfection lies in the greatest possible variety coupled with the greatest
order. The scientific exploration of this
plan of perfection is the reason why, for
Leonardo, the painted landscapes are no
less important than the human dramas
man plays out upon them.
—Susan Welsh
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