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ifies, but throughout it. The substance and its properties are
compenetrated, intrinsically and immediately united, like a sou]
and the body which it animates. Spaier was approaching the
truth when he wrote that quantity is “quality measured” and
Bergson when he called quantity “a distention of quality.” They
are bound up together. The quality may have different virtuali-
ties in one part and in another, just as the arm of man is differ-
entiated from his head though the two are parts of one substance,
Despite the differences of a virtual character, making the quality
more operative in one part than in another, it still remains one
quality.

The Bohr idea of the atom hints a confirmation of all this. If
the Bohr model of hydrogen is true or has some analogue in na-
ture—which is more likely—it is obvious that the electron di-
rectly has much more to do with the emission of the various spec-
tral lines than the atomic nucleus. And yet the whole atom is
somehow involved in the lines which hydrogen emits. The same
electron in another atom would behave differently under the
same excitation. It takes its specific character from the atom in
which it happens to be, a property of the whole atom but more
operative in one part than in another.

A more deductive approach to this problem might be formu-
lated thus: A substance is indivisible, and if a property qualifies
it, it must qualify the whole of it. But quantity spreads out the
substance, enabling it to be differentiated so that it can achieve by
a variety of instruments the work that it cannot do more simply.
Through the offices of quantity, quality is likewise distended, dif-
fering in the various parts while remaining the same quality. As
a form, quality is likewise indivisible, so that what it modifies it
modifies with all of itself.

ALTERATION TENDS TO SUBSTANTIAL CHANGE

Aristotle held that alteration disposes a substance to be corrupted,
and he saw in this fact the final cause of qualitative change. At
least substantial change is the ultimate goal to which alteration
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points. From the viewpoints of both philosophical and empirio-
logical physics, it is easy to see that this is a well-grounded prin-
ciple.

It has already been indicated, from the philosophical point of
view, that material being is rather barren. It does not have enough
richness to change in a partial way without tending to change al-
together. Tts investment is so small in the bank of nature that any
withdrawal results in closing the whole account, or rather tends
to do so.

Man, when he knows things, becomes them while remaining
himself. But matter which is acted upon tends to surrender itself
entirely rather than to remain itself and acquire the new. Matter
is almost the inert thing that empiriological physics makes it out
to be. When any part of a material thing changes, since the
part is so close to the whole, the entire thing tends to change.

Alteration thus paves the way toward generation. It provides,
as it were, a medium between the old form and the new, making
their difference less abrupt than it would otherwise be, and help-
ing the ingredient in the change to make the hurdle.

The footnotes to substantial change are extremely difficult to
read in matter, though its general principles can be known with
genuine certainty as Chapter 2 outlined. Delving into the details
of the process, since the direction of substantial change is from
being to non-being or vice versa, it is difficult to see how matter
can bridge the chasm between the thing that changes and the
thing that results.

That gap, alteration closes, or it at least tends to do so. Be-
cause it is continuous, it tends to compensate for the discreteness
between the terms of substantial change by disposing the old
substance to be destroyed and the new one to be generated. It
brings distant terms close together.

All this reasoning modern empiriological physics tends to sup-
port. In the changes of the hydrogen atom, which yield the vari-
ous spectral lines, there is a tendency not only to change quality
but to change the substance. An atom, excited like hydrogen,
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when its electrons recede from the nucleus to those instabilities by
which they emit “color,” acquires more energy, as empiriological
physics puts it. The atom as a whole tends in this way to become
unstable.

If the electron is excited far enough from its nuclear center, the
hydrogen will be destroyed and become a proton with the elec-
tron freed from its nuclear influence, and both proton and elec-
tron tend to sanctuary in some other atom. Changing the color
of hydrogen too much will thus result in a substantial change;
changing the color disposes the hydrogen to become something
else. Like the rest of the elements, hydrogen has only a limited
range of colors that it will take on. Going beyond this range
means going beyond hydrogen itself.

INTENSION AND REMISSION ARE ALTERATIONS

If nothing is inert and if any change in the universe is thus some-
thing more than a puff of inertia, it can easily be decided that in-
tension and remission are also alterations. Intension is the greater
possession of a given quality by the subject; and remission is the
lesser possession of it. A more intense quality is of the same type
as the less intense, only it is more firmly rooted in the subject. Re-
mission is the reverse. It is less of a radication in the subject.

On modern theories of color and sound, the first impulse is to
assign the differences in intensity to quantity alone. In both color
and sound, intensity is determined by wave amplitude while fre-
quency makes for brightness or loudness. With such measure-
ments only, it is tempting to make out a case that when a color
is made more brilliant in an object more of its atoms have been
illuminated to stack the waves, reaching the eye, into a greater
amplitude. This would mean that a brighter color is owed only
to a greater expanse illuminated in the colored object. Intension
would thus be not a matter of quality and form but of quantity
and extension.

Such an account is satisfactory as far as it goes. Two men on 2
scale weigh more than one of them, and two candles of the same
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size throw more light than either alone. But there is another and
more elusive intension and remission which is possible in the
single atom, the bearer of quality, and it is the increase or dimin-
ishing of quality within the single substance that is here of pri-
mary moment.

The constant mention of electrons and protons in these pages
makes it unnecessary to point out that an atom has an electrical
character. A moving charge is also a source of magnetism, and if
for no other reason, empiriological physics holds that the atom
also has magnetic properties. _

By placing the source of radiation in an electric field (Stark
effect) or in a magnetic field (Zeeman effect), at least one of the
effects produced among the spectral lines emitted by the sub-
stance is a variation of intensity that depends on the strength of
the magnetism or the electricity applied. This suggests that in-
tensity of color may be varied by changes in the electrical or mag-
netic warp of the emitting body. It suggests that there is an
intension and remission of quality which is not a matter of sum-
ming up the number of atoms possessing the property but comes
from within the atom itself. As in simple alteration, there is a
limit to the amount of intension and remission that can go on
without changing the substance having the quality into a sub-
stance of a different type. Too strong an outer field would break
an atomn down.

A contemporary example of intension and remission within
atomns might also be developed from the variation in spectral in-
tensity produced by heating the emitting substances.

CONDENSATION AND RAREFACTION ARE ALTERATIONS

Quite similar to intension and remission, yet differing enough to
deserve separate treatment, are the motions of condensation and
rarefaction in matter. For Aristotle, these are qualitative changes,
and it is enlightening to see whether such a verdict can be sus-
tained in the modern intellectual court.

A substance is called dense when it possesses a great amount
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of matter under small dimensions, and rare when it possesses a
small amount of matter under large dimensions. Density is a fa-
miliar concept in empiriological physics. It is defined as mass
per unit volume and answers the question, for instance, Which is
heavier, a cubic centimeter of water or a cubic centimeter of lead?

That condensation or contraction and rarefaction or expansion
actually take place is readily accepted in both chemistry and em-
piriological physics. In fact, according to the kinetic molecular
theory of matter, a substance is a solid when its molecules are
densely thronged together, and it is a liquid and finally a gas as
this crowding diminishes. Another way of putting it is to say with
the chemist that in a gas there is considerable free space between
the molecules, less space in liquids, and still less space in a volume
of solid material. Compression is a matter of forcing the particles
of a chemical substance into a tighter proximity. Rarefaction is a
process of separating them.

Such a phenomenon as compression is easy to understand
when dealing with aggregates of particles, like molecules. But
this is not the type of condensation in which philosophical phys-
ics is primarily interested as it searches the ultimate recesses in
things. The philosophical question is more about the fate of the
individual substance. Can a single atom, for instance, be com-
pressed or rarefied, and if so, is this a qualitative change?

From what has already been said, it is clear that there could
easily be the compression and rarefaction of a single substance
like the atom. Such changes produce different terminations of
quantity. There is a rearrangement of quantitative parts with re-
spect to each other, without an increase or decrease of their num-
ber which is potentially infinite. This potential infinity of parts
would make a body pliable to such changes as condensation and
rarefaction.

The change in extension and in situation which compression or
expansion would have for a concomitant at the level of the atom
is not the essence of condensation and rarefaction. Density and
rarity concern the termination of quantity which is not the func-
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tion of quantity itself but of quality. Qualitative changes result in
such a disposition of the material in question that extensional and
positional shifts are required.

Density or rarity does not add or subtract quantity but makes a
new disposition of the quantity already present.

Apart from philosophical possibilities, there are strong argu-
ments in the empiriological world that such compression and ex-
pansion among atoms actually takes place. The Bohr theory of
the atom, expanding and contracting as the outer electrons move
from one orbit to another is a case in point. In a change from one
stationary state to another, there may be nothing else except com-
pression or its reverse. But in the shift from an unstable state to
a stable one, emissions appear, and hence condensation and rare-
faction are involved in a larger context that is dominated by sim-
ple alteration.

Another slant on condensation and rarefaction is afforded by
the theory of relativity. It argues that bodies are deformed by
their motions, with mass increasing as velocity increases and vice
versa, and the deformation is at least a suggestion of condensation
and rarefaction.

Once more a warning is needed against taking empiriological
data too literally. The difficulty with tracing out the analogues to
philosophical principles in the empiriological world view is that
empiriological physics has failed to provide certain knowledge in
many cases and especially in regard to fundamental issues, like
the behavior of individual atoms and their parts.

But here as elsewhere, it can certainly be pressed that there are
analogues of some kind in nature to what the empiriological
physicist says in his theories. Otherwise, the success of empirio-
logical physics could not be explained. As analogies, well-founded
data of empiriological physics can and do illustrate truths from
philosophical physics.

Empiriological physics has locked its door to the genuine phi-
losopher but left the windows open so that he can see in. There
are no well-grounded data of experiment that do not illustrate,
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when interpreted into speculative knowledge, the truly scientific
and certain principles which Aristotle kneaded out of experience
in the general parts of his Physics. What is scientific and certain
does not perish with the scientist, and certitude did not have to
delay its birth to the time of Descartes and Galileo.

This chapter has found empiriological physics fertile in anal-
ogy to illustrate what the philosophical science of nature says of
quality. It is true that many of the examples are blurred by their
cloudy theoretical status, but they must have some analogue, in
the real, at least remotely, to justify the prosperity of empirio-
logical physics in using them. It is not the light of logical theory
but the weak shadow of reality at the fringes of the beam which
philosophical physics can salvage to help identify itself.

ALTERATIONS ARE CONTINUOUS

Alteration has unity and continuity. In this respect it resembles
local motion and differs greatly from substantial change. To af-
firm the continuity of alteration means that the old form is gradu-
ally converted into the new one rather than abruptly generated
as in substantial change.

There are instantaneous changes or so-called mutations only at
the beginning and end of the alteration, at the beginning because
a substance is not altered without a cause that disturbs its equi-
librium and at the end because there is a termination or fixity of
the new form. To deny these terminal mutations would lead to
an eternal flow of quality, whereas it is a stable fixture of the be-
ing that owns it.

But the motion between the terms is not a seties of leaps. It isa
movement that is continuous, preparing the way by a gradual
redisposition of the old substance for change into a new one.

Empiriological physics confirms this relation of the continuum
to quality. In fact, where empiriological physics speaks, the ex-
treme view is taken that differences in qualities are not matters
so much of kind as of degree. Thus, two colors or two sounds
differ by being higher or lower frequencies in spectra that are
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continuous, and brilliance or pitch can be continuously varied by
varying continuously the wave amplitude. The Bohr theory ac-
counts for differences in color as changes of an electron’s situa-
tion within an atom, thus by that exemplar of continuous motion
which is local movement. A change of situation, at least analo-
gous to what Bohr envisions, can certainly be admitted, but there
is more to alterations than this.

THE BOHR THEORY SUPPORTS ARISTOTLE

However, there is a problem raised by the Bohr theory. Does it
not imply discontinuity in alteration since it involves the discrete
leap of an electron from an excited to a stationary state and the
liberation of a discrete parcel of energy called the quantum?

No, this Bohr idea is a vote more in favor of the philosophical
science of nature than against it. An instantaneous change, which
is mutation rather than motion in the technical vocabulary, does
occur at the beginning and end of alteration if Aristotle is correct.
A quality is not fluid but fixed, and it requires an extrinsic cause
to start it changing and a stable term at which the alteration ends.

The Bohr idea of discontinuity may be simple adumbrating
that sudden and instantaneous phenomenon which Aristotle saw
at the beginning and end of alteration. In Bohr’s idea, there is on
the part of the electrons a local motion, which is the prototype of
continuous motion; there is also discontinuity. These two aspects
of alteration were seen by Aristotle. Once again scientism, which
has deliberately spurned philosophical physics, may be entering
it by the back door. There is an abruptness at the beginning and
end of qualitative change, and Bohr's notion of discrete orbits
may be a shadow of it.

REALISM IS DUALISTIC

The present chapter has shown that color and sound are not
simply mechanisms of particles and waves but are ultimately acci-
dental forms in the colored and sounding objects. It has not been
denied that there are waves and particles, or something like them,
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in both optical and acoustical phenomena. On the contrary it hag
been stoutly afhrmed that all material quality is radicated in
quantity as its proximate subject of inherence. What has been
said simply means that the waves and particles are the only as-
pects of color and sound that the empiriological physicist can
grasp but that reality is a larger whole, where the parts when
taken alone are sure to be distorted.

Quality is formal in the object, but it is more of a potency than
act until light, if it is color, or an impact, if it is sound, makes the
object actually emit what it is capable of emitting. Empiriological
physics never gets beyond the potential or inertial side of quality,
and without act, it can never be explained why anything at all is
seen or heard.

It has frequently been said in this book that empiriological
physics does not go far enough. In a sense, it goes too far, taking
an aspect of the real and turning it into a substitute for reality.

The Cartesian stress on quantity and local motion and Galileo’s
preference for inertia and control have distorted the study of the
universe as it is. Men are glorifying what they can make, without
knowing what they should do. They are trying to coerce the
world into their own image and likeness, and dismissing the prin-
ciples which control man as “verbalisms,” in the language of
Bridgman, “meaningless questions” in the jargon of logical posi-
tivism, “supernaturalisms” as Dewey says, or as Communism
puts it, “reactionary.”

Aristotle’s science explains why nature yields to art and yet re-
sists it by the loyal opposition of its natural form. His thought
leaves a tremendous scope to art, though exalting knowledge for
knowledge’s sake into the highest of human activities. In fact,
Aristotle’s logic is the first development of an art into systematic
principles which it can assimilate as part of itself in practice.

Aristotle’s view of things is a true dualism between nature and
art, form and matter, cause and effect, motion and its goals, place
and time, quantity and quality. Such a view of course does not
set out to study things only in terms of the control which man can
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foist on them in his laboratory. It sets out not primarily to make
man the master of nature but to discover the truths and the goals
that master man, lighting his intellect and warming his will. Tt
seeks to discover what things are rather than the aspects which
man can make into something else.

Such a view of course does not aim principally to make men
comfortable or emotionally at ease though it welcomes such am-
bitions when subordinated to higher ones. It does not aim chiefly
at public hygiene and air-conditioned offices though it holds such
things desirable in their place. But it makes something tremen-
dously more important than machines. It makes sense.
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