Box 5

Fermat’s Principle

What the reason was for the change in
light's direction when passing from
one medium to another was a major
fight in the 17th Century, and it must
become so, again, today. Fermat's
principle that light's action is deter-
mined by the principle of quickest
time, was a political statement, a clear
attack on the prevalent empiricist
thinking, and acall back to the method
of Greek knowledge. It demanded a
conception of physical science that
places man in his proper place—asin
the image of, and participating in a
single Creation, overthrowing the oli-
garchica view that placed man infi-
nitely below the incomprehensible
caprice of the Olympian gods and
human feudal lords.

The refractive behavior of light had
been a source of study and consterna-
tion for centuries, snce no smplerela
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tionship between the angles of inci-
dence and refraction could be deter-
mined (Figure 1). It was in 1621, that
the Dutch investigator Willebrord Snell
determined that it is the sines of the
angles of incidence and refraction that
maintain a congtant ratio for a given
pair of media, an experiment that is
waorth carrying out yourself (Figure 2).
Although Snell is correct, this
observation of effects does not address
itself to cause. Descartes, insisting that
light had to be understood as ballistic
particles (in opposition to da Vinci,
and to keep his purely mechanica out-
look) was forced to conclude, erro-
neoudly, that light actualy sped up
upon entering water. He aso claimed
Snell’s discovery as his own! Fermat
found this speeding up to be absurd,
and sought to determine the cause for
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In an experiment conducted by the LYM, the path of light is seen to change

direction when it passes from air to water.
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Sell determined that theratio sSin/a:sin/B
is maintained for two media, no matter at
what angle the light hits the boundary.

light's behavior.

To note the sine relationship is good,
but to actually assert that this trend is a
scientific principle would not be an hon-
est blunder, it would be an admission by
anyone who would make that statement,
that that person believes principles are
unknowable.!

Fermat sought not to describe the
motion of the fish, but the shape of the
aguarium in which they swam: He
returned to the Greek discovery that
light reflected off amirror takes the path
of minimal distance, an experiment
worth performing on your own (Figure
3).

Fermat took up this approach, and
hypothesized and demonstrated in 1662
that light follows a path of quickest time,
rather than shortest distance: Asfar asthe
light is concerned, it is always propagat-
ing straight ahead by this principle. This
hypothesis results in the sine ratio dis-
covered by Snell, but Fermat delivered
the child whose form Snell accurately
reported.

Fermat politicaly dared to hypothe-
size a cause for action in the universe,
and the attacks on this daring came

quickly. Claims that knowable ideas and
intentions direct the universe were not
acceptable by the oligarchical faction.
The Cartesian view insisted on a strict
separation between ideas of human
minds, and the purely mechanical opera-
tions of the physical universe. Claude
Clerselier, a friend of the by-then-
deceased Descartes, wrote, shortly after
Fermat’'s hypothesis:

“The principle you take as a basis for
your proof, to wit, that nature aways
acts by the shortest and simplest path, is
only a moral principle, not a physical
one: it is not and cannot be the cause of
any effect in nature ... cannot be the
cause, for otherwise we would be
attributing knowledge to nature: and
here, by nature, we understand only that
order and lawfulness in the world, such
as it is, which acts without foreknowl-
edge, without choice, but by a necessary
determination.”

IsClersdier right?Why ishesoinsis-
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tent? What is he afraid could happen to
the practice of science and society if
Fermat's principle and approach were
generally adopted?

Generalize Fermat’s Concept

Find out: Generalize Fermat's con-
cept. Although a relationship of sinesis
a geometric statement, the intention of
quickest time is not, itself, geometric. If
thisis true for light, what can we say of
other processes? Do their geometric
effects cause themselves, or must we
generalize least action? Must every
material event be considered irreducibly
as the effect of a non-material, physical
intention?

Leibniz writes in his Monadology:
“Our reasoning is based upon two great
principles: first, that of Contradiction, by
means of which we decide that to be false
which involves contradiction and that to
be true which contradicts or is opposed to
the false. And second, the principle of
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LYM members re-creating the Greek discovery of minimal distance for reflected light. The
reflective path from eye to eye can be “ felt” by a third person as minimizing the required

string from one eye to the other.




Sufficient Reason, in virtue of which we
believe that no fact can berea or existing
and no statement true unless it has a suf-
ficient reason why it should be thus and
not otherwise.”

All understanding of the universe
must be of the form of knowledge of gen-
erative principles, from whose curvature,
dl action appears to be “straight.” The
development of further principles
changes our conception of the shape of
what is shortest—as the example of the
change from least-distance of reflection
to least-time for refraction indicates.

Leibniz, the unique creator of a truly
infinitesimal calculus, took up Fermat's
position on this question in his first writ-
ing on the infinitesimal calculus, and in
his Discourse on Metaphysics:

“But the way of final causesis easier,
and is not infrequently of usein divining
important and useful truths which one
would be a long time in seeking by the
other, more physical way; anatomy can
provide significant examples of this. |
aso believe that Snell, who first discov-
ered the rules for refraction, would have
waited a long time before discovering
them if he first had to find out how light
isformed. But he apparently followed the
method which the ancients used for
catoptrics, which is, in fact, that of fina
causes. For, by seeking the easiest way to
lead a ray from a given point to another
point given by reflection, on agiven plane
(assuming that this is nature's design),
they discovered the equality of angles of
incidence and angles of reflection, as can
be seenin alittletreatise by Heliodorus of
Larissa, and elsewhere.

“That is what, | believe, Snell and
Fermat after him (though without know-
ing anything about Snell) have most
ingeniously applied to refraction. For
when, in the same media, rays observe
the same proportion between sines
(which is proportiona to the resistances
of the media), this happens to be the eas-
iest or, a least, the most determinate way

to passfrom agiven point in amedium to
agiven point in another. And the demon-
stration Descartes attempted to give of
this same theorem by way of efficient
causes is not nearly as good. At least
there isroom for suspicion that he would
never have found the law in this way, if
he had learned nothing in Holland of
Snell’s discovery.”

There is no scientific controversy
between Fermat and Leibniz and their
adversaries Descartes and Clersdlier: This
isapolitical controversy of the nature of
man. While political operatives like
Descartes and his followers attempted to
describe this change by a non-physical
formula which would accurately match
the observed path of light, Fermat’'s
approach, and Leibniz's development
upon it, was Promethean, and forced a
conception of man as a knowledgeable
co-creator, discovering principles and
implementing them to create new states
of nature. Knowledge is solely based on
power.

—Jason Ross

1. One could just as well make the (admit-
tedly, true) statement that middle schoolers with
larger feet are better spellers. Larger feet do not
confer orthographic proficiency; the education
that comes with being older does. Retrospective
musings on the results of completed actionin the
past are not hypotheses of motive powers.
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