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Note

The topic of this book is described in the first few pages of
the opening chapter. It concerns what may be the least ex-
pected turn of scientific thought in twenty-five centuries.
Should this return to a remote past—for that is what the most
recent philosophy of science really is—be generally accepted,
our descendants a few generations hence will look back on
us and our science as incredibly unenlightened.

Not much of the proposed substitute for the scientific
method as commonly understood has been discussed outside
professional scientific circles. An untechnical account of the
origins and progress of the new approach to nature may there-
fore be of interest to those who do not make their livings at
science. It will appear that the new and the old are strangely
alike.

For valuable criticisms and suggestions I am indebted to
many friends, professional and other. Though I alone am re-
sponsible for what finally got written down, I should like
especially to thank Eleanor Bohnenblust, Fréderic Bohnen-
blust, Mary Mayo, and Laslé Zechmeister for their patience
and helpfulness with it all, and Nina Jo Reeves for preparing
the manuscript for publication. For permission to reprint the
excerpts that appeared in Scripta Mathematica, I am indebted

to the editors of Scripta.
E. T. BeLL
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CHAPTER - - - =« =« - « -« « - - - - - 1

The Past Returns

HE hcro of our story is Pythagoras. Born to immortality

five hundred years before the Christian era began, this
titanic spirit overshadows western civilization. In some respects
he is more vividly alive today than he was in his mortal prime
twenty-five centuries ago, when he deflected the momentum
of prescientific history toward our own unimagined scientific
and technological culture.

Mystic, philosopher, experimental physicist, and mathe-
matician of the first rank, Pythagoras dominated the thought
of his age and foreshadowed the scientific mysticisms of our
own. So varied was his genius that the crassest superstitions
and the most uncompromising rationalisms might appeal to
his authority—*“Himseélf said it”—all down the Middle Ages.
The essence of his teaching was the mystic doctrine that
“Everything is number.” With Galileo’s revival in the late
sixteenth century of the experimental method in the physical
sciences, a method in which Pythagoras had pioncered nearly
twenty-two centuries easlier, number mysticism passed out
of science.

The seventeenth century saw the creation by Newton and

Leibniz of a new mathematics, devised to bring the continu-
X -
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2 The Past Returns

ously varying flux of nature under the domination of rigorous
reasoning. Combining this dynamic mathematics with pre-
cise observation and purposeful experiment, Newton and
his followers in the seventeenth and eighteenth centuries
fixed the modern scientific method for the astronomical and
physical sciences. The form they gave it was to stand unchal-
lenged till the third decade of the twentieth century.

The aim of this method was twofold: to sum up the ob-
servable phenomena of the physical universe in readily appre-
hended generalizations—called by their inventors or dis-
coverers “laws of nature”; to cnable human beings in some
degrce to predict the course of nature. Always observation
and experiment were the ficst and last court of appeal. How-
cver rcasonable or however inevitable the verdict of mathe-
matics or other strict deductive reasoning might appear, it
alone was not accepted without confirmation by this final
authority.

The successes of the method heavily overbalanced its
failures ail through the ninetcenth century and well into the
twentieth. In less than two centuries the application of scien-
tific technology to industry wraught a profounder transforma-
tion of western civilization than had all the wars and social
uphcavals of the preceding four thousand years.

Concurrently with this vast revolution in the material
world, equally subversive changes from time to time over-
threw cstablished creeds that had posscssed the thoughts of
men for scores of generations. The umverse disclosed by
sciecnce was not always that of revelation and tradition, nor
even that which a supposedly infallible logic insisted must
be the fact. Herc also the absolutes of more than two thousand
vears were impartially scrutinized. Those that had proved
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The Past Returns 3

barren of positive knowledge were ruthlessly abandoned. The
unaided reason as an implement of discovery and understand-
ing in the exploration of the material universe dropped out of
use. Its sterility in science then cast suspicion on it in its
own traditional domain, Of what human value were truths
immune to any objective test that human beings might in-
vent? Protests that truths other than those of science exist
timelessly in a realm of Eternal Being, and are forever inac-
cessible to the fnite reach of science, were silenced by the
dictum, “Experiment answers all”” Then, quite suddenly,
about the year 1920, the most positive of all the sciences
began to hesitate.

By the middle 1930’s a few prominent and respected physi-
cists and astrophysicists had reversed their position squarely.
Facing the past unafraid, they strode boldly back to the
sixth century B.c. to join their master. Though the words with
which they greeted him were more sophisticated than any
that Pythagoras might have uttered, they were still in his
ancient tongue. The meaning implicit in their refined sym-
bolisms and intricate metaphors had not changed in twenty-
five centuries: “Everything is number.” He understood what
they were saying.

The retreat from experiment to reason was applauded by
some philosophers and scientists, deplored by others. But the
fact in the new movement was beyond dispute. Either the
leaders had gone back to Pythagoras to acknowledge that he
had been right all these centuries, or he had come forward
to convince them that the modemn scientific method of
Galileo and Newton is a delusion.

On a first, exploratory pilgrimage to the past the daring
ultramoderns had lingered for a few moments in the shadow
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4 The Past Returns

of Plato. Quickly realizing that in all matters pertaining to
the mysteries of number here was only the pupil, they sought
his master. Two centuries before Plato was born, Pythagoras
had believed and taught that the pure reason alone can re-
veal the truth of anything; observation and experiment are
snares to trap and betray the unwary senses. And of all
languages in which constant knowledge as opposed to vari-
able opinion may be described, that of number is the only
one on which the pure reason may safely rely. “Himself said
it,” and now, twenty-five centuries after his historic death,
he was repeating himself in the language of a nascent science.

A devout believer in the doctrines of reincarnation and the
transmigration of souls, Pythagoras may at last have found
a congenial habitation in the sheer abstractions of twentieth
century theoretical physics. “For my own lapses from the
one true faith,” he may now reflect, “I was condemned to
spend life after life in the vile dogmas of false philosophers
and in the viler imaginings of base numerologists. But now
I am unbound from the Wheel of Birth. When I experi-
mented with my hands and my hearing to discover the law
of musical intervals, I sinned against the eternal spirit of
truth, defiling my soul with the unclean things of the senses.
Then I beheld the vision of Number, and knew that 1 had
betrayed my better part. By proclaiming the truth that every-
thing is number, I sought to cleanse my soul and gain re-
lease from the Wheel. But it was not enough. Few believed
and many misunderstood. To expiate my transgression I
passed through that purgatory of error and falsehood, a name
honored in the mouths of fools. Now I discern an end to
my torment in the dawn of a new enlightenment which was
alrcady old ages before 1 was Pythagoras. The deceptions of
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The Puast Returns 5

the senses shall mislead mankind no more. Observation and
experiment, the deceitful panders of sensory experience, shall
pass from human memory and only the pure reason remain.
Everything is number.”

The master's prophecy becomes less abstract and closer
to the scientific actualities of the twentieth century. Speaking
as a mathematical physicist and mathematical astrophysicist
he proceeds to details. “I believe . . . that all the laws of
nature that are usually classed as fundamental can be fore-
seen wholly from epistemological considerations.” In a brief
aside he reminds us that epistemology is that department
of metaphysics which deals with the theory of human knowl-
edge. To preclude any possiblc misunderstanding of his mean-
ing he elaborates his heretical creed. “An intelligence un-
acquainted with our universe, but acquainted with the system
of thought by which the human mind interprets to itsclf the
content of its sensory experience, should be able to attain
all the knowledge of physics that we have attained by experi-
ment. He would not deduce the particular events and objects
of our experience, but he would deduce the generalizations
we have based on them. For example, he would infer the
existence and properties of sodium, but not the dimensions
of the earth.”

If Pythagoras—ventriloquizing thus in 1935 through Sir
Arthur Eddington, a leader in the retreat to the past—should
be right, it would seem that the experimental scientists since
Galilco and Newton have gone to much unnecessary labor
to discover the obvious and proclaim it in truisms. If it is
false that experiment answers all, it may be true, as some of
the ancients believed, that reason answers all, or, as the suc-
cessors of Pythagoras seem to believe, nearly all. Tor, as we
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6 The Past Returns

have just been cautioned, reason may be unable to deduce
the diameter of the earth from any data wholly within the
human mind. But this defect is entirely negligible in com-
parison with the ability to foresee the existence and properties
of the chemical elements “wholly from epistemological con-
siderations.”

By taking sufficient thought the scientific epistemologist
may rediscover for himself, without once rising from his chair
in an othenwise empty room, all that three centuries of
observation and experiment since Galileo and Newton have
trught us of the “fundamental laws” of mechanics, heat,
light, sound, electricity and magnetism, electronics, the con-
stitution of matter, chemical reactions, the motions of the
heavenly bodies, and the distribution in space of stellar sys-
tems. And by the same purely abstract considerations the
thoughtful epistemologist may attain verifiable knewledge
of natural phenomena which are still obscure to science, for
example, the internal motions of the spiral nebulae,

Should only some of these impressive claims be sustained,
the twenticth century return to Pythagoreanism may be re-
membercd ten thousand years hence as the dawn of a lasting
enlightenment and the end of the long night of error which
descended on western civilization in the seventeenth century.
The costly apparatus of our laboratories and observatories
will have crumbled and rusted away, except possibly for a
few relies fearfully preserved in the World Muscum of Human
Error. Above the entrance the guardians of public sanity will
have inscribed the truths that liberated mankind: “Experi-
ment answers nothing. Reason answers all.” To balance these,
the same guardians will have embellished the pediment of the
Temple of Knowledge and Wisdom with the summary of
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The Past Returns 7

the universe and a solemn warning: “Everything is Number.
Let no man ignorant of Arithmetic enter my doors.”

But all this is in the calm certainty of a golden age of the
future while we, unhappily, must endure the steel and errors
of the present. To mitigate our lot we mav return to the
past for an hour or two, to read in it the certainty of our
present and the hope of our future.

What shall we ask the past? Numerous interesting ques-
tions suggest themselves. Hlow did human beings like our-
selves ever come to believe the nonsense they did about
numbers? And what can have induced reputable scientists
of the twentieth century ap. to fetch their philosophy of
science from the sixth century s.c.? Have the numerologists
—the number mystics—been right all these centuries and the
majority of thinking men wrong?

As to the origin of it all, it began some twenty-six centurics
ago in the simplest arithmetic and the most clementary
school geometry. None of this is beyond the undcrstanding
of a normal child of twelve. As for who may be right and
who wrong, a physicist or an engincer usually is more easily
seduced than a mathematician or a logician by a mathe-
matical demonstration. Few engincers or physicists would
devote their best thought to a small but incisive treatise on
the unrcliabilitv of the principles of logic. It took a mathe-
matician to do that. Logic in its most reliable form is called
pure mathematics; and though mathematical reasoning, like
any other, has its drastic limitations, it is still the most power-
ful known. But because mathematics seems to create some-
thing out of nothing, whereas it does not, superhuman
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8 The Past Returns

powers have been ascribed to it, even by logicians and
mathematicians.

When a complicated mathematical argument ends in a
spectacular prediction, subsequently verified by observation
or experiment, a physicist may be excused for feeling that he
has participated in a miracle. And when a skilled mathema-
tician astounds himself with a discovery he had no conscious
intention of striving after, he may well believe for a few
moments as Pythagoras believed ail his life, and may even
repeat—after the eminent English mathematician, G. H.
Hardy—the following confession of faith. “I believe that
mathematical reality lics outside us, that our function is
to discover or observe it, and that the theorems which we
prove, and which we describe grandiloquently as our ‘crea-
tions,” are simply our notes of our observations. This view
has been heid, in one form or another, by many philosophers
of high reputation from Plato onwards. . . .”

On coming out of the daze at his own brilliance the average
twenticth-century pure mathematician might begin to doubt
at least the practicality of this Platonic creed, especially if
he happened to be aware of what has taken place in the
philosophy of mathematics since the close of the nine-
teenth century. The doubter might even agree with the dis-
tinguished American geometer, Edward Kasner, that the
“Platonic reality” of mathematics was abandoned long ago
by unmystical mathematicians, and marvel with him that
rational human beings could ever have believed anything of
the kind. As he puts it, “We have overcome the notion that
mathematical truths have an existence independent and apart
from our minds. It is even strange to us that such a notion
could cver have existed. Yet this is what Pythagoras would
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The Past Returns 9

have thought—and Descartes, along with hundreds of other
great mathematicians before the nineteenth century. Today
mathematics is unbound; it has cast off its chains. Whatever
its essence, we recognize it to be as free as the mind, as pre-
hensile as the imagination.”

It is not for us to judge between the two schools of thought.
We note only that each of the authorities cited as a witness
to the truth of mathematics published his conclusions in 1940.
Even in a court of law it would be difficult to find a sharper
disagreement between competent experts. A like irreconcil-
able difference of opinion severs the modern Pythagorean
scientists from those of the older school, who still believe
that reliable knowledge of the physical universe cannot be
attained without observation and experiment.

My sole objective in the following chapters will be to see
how these differences of opinion came about. Though the
- theme is number, no mathematics beyond the simplest arith-
metic is required for following the story. An occasional allusion
to some obvious statement about straight lines, such as young
children are taught in school, need not terrify anyone if it
is called gcometry. The important things arc not these triviali-
ties of a grade-school education. What matters is the weird
nonscnse people no less intelligent than ourselves inferred
from these trivialities. To prevent our excursion into the past
from degenerating into a journey through a valley of dry
bones, we shall become as well acquainted as we may with
the great men primarily responsible for our present widely
divergent opinions. The majority of the men cited are famous
and their major contributions to civilization well known.
The aspect of their work which is of interest here may be less
familiar, though it was no less important for them than the
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10 The Past Returns

things for which they are commonly remembered. A few
names may be new to some. They are only about ten out of
hundreds who left their mark on number mysticism and all
that it implics for our own attempt to think straight.

Those who have had no occasion to examine for themselves
what the ancient lore of numbers has done, and is doing, for
their thinking habits, may be intercsted to linger for a wlhile
at the principal shrines where the magic of numbers paused
on its way from the past to the present. Time and the con-
tinual changes in the meanings of words have confused the
historical record till the hard core of arithmetical fact at the
center of some ancient wisdoms is not always evident at a
casual glance. Much of the influence of such apparently trivial
statements as “three and seven make ten” on philosophic,
religious, and scientific thinking is crusted over with the sym-
bolisms of outmoded attempts to fabricate a meaningful
image of the material universe. Ambiticus and inspiring as
such cfforts may have been, they are far surpassed—at least in
ambition—by some of the earlier struggle to explain human
values in terms of numbers. Virtue to the highly imaginative
Pythagorcans of antiquity was one number, vice another; and
the elusive concepts of the True, the Beautiful, the Good
were sublimated into “Ideal Numbers” by no lesser a meta-
physician than Plato. And if it seems strange that Pvthagoras
should have believed that love and marriage are governed by
numbers, we have but to observe the like today.

Step by step the immemorial magic of numbers has kept
pace with unmystical science all down the centuries. If the
patient investigation of numbers has aided the development
of science and furthered such enlightenment as science can
give, it has also perpetuated older beliefs that but few tolerant
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The Past Returns 11

men would call enlightcned. Once of scicentific certitude, thesc
stubborn superstitions long ago ceased to have any meaning
for the literate. But the belief that number is the ultimate
answer to all the riddles of the physical universe, though
subtly disguised, 1s still rccognizable in the rchned mathe-
matical mysticism of the modern Pythagoreans. Our principal
concern will be to retrace the main steps by which this over-
whelming conclusion has reached the living present from a
past so remote that only rumors of its existence survive.

To anticipate slightly, three types of mind have been lured
into comprehensive theories of life and the universe by the
deeeptive harmonies of numbers. Contrary to what common
sense might predict, mathematicians were not the first but
the last to take numbers seriously, perhaps too seriously. Be-
hind every mathematician in the dawn of numecrical thinking
was a scientist, and belund every scientist a pricst. The
scientist may have been only a primitive astrologer who read
into the wanderings of the planets more than any astronomer
has yet discerned. Still, he was a scientist in that he attempted
to reduce his crude observations of nature to a rational system.

To the priest looking over the scientist’s shoulder the irre-
_pressibly prolific numbers repeated a familiar tale. Ie and
his kind had known for centuries that the most potent of all
magics resides in numbers. But it was not until the common
run of mankind had accepted number as an almost universal
convenience in astrology, in trade, in agriculture, in astronomy,
and in primitive engineering, that men who today would be
recognized as mathematicians armrived and began to study
numbers for their own sake. Their contribution to the stock
of reliable knowledge provided more imaginative men with
an inexhaustible store of curious relations between numbers
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12 ) The Past Returns

to interpret as they would. The outcome was a golden age
of Greek philosophy.

By the time some of the more versatile interpreters had
claborated thetr theories of truthh and the material universe,
the plebeian ancestry of the nobiest doctrines of certain aristo-
cratic philosophies had been forgotten. \Vhat was reputable
arithmetic then became the exclusive possession of mathe-
maticians and scientists, bmm]l.mu)usl\ the old agic of
numbers passcd into the hands of sincere but deluded zu]ots
whose intentions no doubt were good, but whose sacerdotal
juggling with the trivialities of arithimetic was barely dis-
tinguishable from conscious charlatanry.

With the advance of experimental science in the scven-
teenth century the ancient magic of numbers omdu&lllv be-
camc, dlsrcputablc It then sank alnost complctcl\ out of
smht _in philosophy, though Kant” in the latc eightcenth
century had some of 1t, ‘and the very positive Comtc '1bout
hfty years later almost lost his philosophic reason in the va-
aarics of numcrology\ What remained of it throve rankly in
such dubious occupations as fortunce teiling. But never was
its less fantastic pact quite dead. Then suddenly in the third
decade of the twenticth century the period of suspended
animation ended. Resplendent and respectable in the dazzling
svinbolism of a4 brilliant new physics, the ancient magic of
numbers rose again to vigorous life. Number returned as the
rnier of an anfinmtely vaster cosmos than all the cramped
heavens Puchagoras and Plato ever imagimed.  Executing an
abrupt about-face. the modern Pythagorcans marched back
to alute their master and offer him the augmented tribute
of lis own.*

-
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CHAPTER - - - - - - - - - - - - - =

A Royal Mace

NTIL adequate food, clothing, and shelter are rcason-

ably sccure only the hardiest sonls have leisure to ponder
over man’s place in the universe. It is not surprising therefore
to find the uhlitarian motive predominant in by far the
greater part of the earliest work in numbers of which there
1s dchinite record. The Egyptian farmer of five or six thousand
years ago, for example, needed to know when the annual in-
undation of the Nile valley could be expected. and for this
a fairly reliable calendar was a nccessity.

Even the crudest calendar presupposes a familiarity with
numbers far bevond that attained by all but the most ad-
vanced of primitive pcoples. The art of counting was not
perfected in a day, and many a semi-civilized tribe has stopped
short of ten in its cfforts to cnumerate its possessions. For
such peoples all numbers greater than half s dozen or so are
indistinguishable from one another and blur in an unexplored
vastness. They arc of no more practical importance to a liome-
less nomad than infinity is to a Wall Street accountant,

Instead of the modern mathematician’s “infinity,” the
wise man of a small tribe groping toward counting contents
himself with an equally nebulous “many.” This is sufficiently

13
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14 A Roydl Mace

accurate for his magical predictions: the margin between
starvation and plenty is as adequatcly covered by the difference
between six and ten as it is by the vaster unknown between
ten and bfteen. By eve rather than by intellect the seer who
is just a shade more observant than the herdsman senses
whether the tribe has enough; it is immaterial whether it has
too much.

21t is unlikely that we shall ever know when, where. or how
Lhuman bc;nas first learned to count with the unthipking
facility of a civilized child of seven. Nor is it probable that
~we shall discover what people first mastcrcd thc art of count-
ing in all its freedom, ' -
Admitting (mlv tangible evidence. we can assert positively
that by 3500 s.c. the Egyptians had far outgrown the primi-
tive mmability to think boldly in terms of large numbers. A
roval mace of ubout that time records the capture of 120,000
human prisoncrs, 400,000 oxen, and 1,422,000 goats. These
very lmpressive round numbers suggest one of two things.
Either the victorious monarch had an active imagination and
an inflated cgo, or the Egyptiun tallv keepers had learned to
estimate large collections by multiplying the number of in-
dividuals in an accurately counted sample by the guessed total
number of such samples.
* But even this remarkable feat and others almost as spec-
tacular do not indicate that the Egvptians of 3500 n.c. were
aware that the sequence of numbers 1. 2, 3, 45 0 . L 03
mdeed endless. iThey mav have believed subconsciously that
it ts alwavs possible to conceive a number greater by one than
any imagined number, but they did not put their belief on
record. [or anvthing we know to the contrary the Lgyp-
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A Roydl Mace 15

tians may have believed that the numbers 1, 2, 3 . . . come
somewhere, sometime, to an cnd. .\ cast of thought more
subtle than theirs had to evolve before the concept of an
infinite collection could become a commonplace of mathe-
matics and philosophy.

The 120,000 prisoners, 400,000 oxen, and 1,422,000 goats

of the royal mace do, however, reveal a fact of cardinal im-
portance in the evolution of numbers. We who learn to
count glibly before we can read mav have overlooked the
only thing of dcep significance about numbers in the entire
process. This must have taken almost superhwman penctra-
tion to see when it was first observed; and it is a fair guess
that very few of cven the most alert obscrvers would notice
it in the conqueror’s boastful cataloging of his loot. As with
some other fundamentals of mathematics and science, the
difhculty with this one is its apparently trivial simplicitv—
once it is pointed out.
- Looking over his human captives and the rest, what could
the victor say about cach of the three groups that would be
true for all? He might have observed that all three were com-
posed of living individuals. Probably he did: but if so he did
not consider the obscrvation to be of sufhcient importance
to ment preservation on a ceremonial mace. .Actuaily what
he noticed and recorded was that all three of the zroups—
human beings, oxen, goats—could be compared by one and
the same process. They could all e counted.

If this seems too trivial. we may trv to imagine some char-
actenistic other than the number assigned to cach of the
groups that would be cqually sigmificant and as potentially
useful. The required characteristic is to be wholly independent
of the natures of the individuals composing the several
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16 " A Royd Mace

groups. Perhaps this is too easy; to state the problem in
all its generality, what is it that all of several collections of
any material things whatever have in common? Each collec-
tion is countable. Moreover, as the conqueror doubtless knew,
it makes no difference to the fnal tally in what order the
things are counted, or whether the counting is done by ones,
or by sevens and ones, or by tens and ones; the outcome will
‘always be the same. The conqueror’s magicians might con-
wvince their lord that one mace could become two. But they
could not have shown him 1,422,001 goats by counting only
1,422,000.

The deceptive simplicity of counting conceals the very
things that have made it useful and philosophically sug-
gestive. To give them names, these may be called the uni-
versality and the invariance of the numbers generated by
counting. Universality—the always true, the always relevant—-
has been a goal of many philosophies. Invariance—change-
lessness in the midst of change—has been the quest of more
than one religion, and in our own century has helped to
codify the laws of the physical sciences. To take an example
from evervday experience, any five persons, say, meet and
part. Whatever they may do, however widely they may scatter
over the earth, and however diverse their fortunes, the “five”
~that numbered them remains unchanged. It is independent,
as nothing else in their lives may be, of the accidents of space
and time. Moreover the same “five” would enumerate the
individuals in any group of any five things whatever.

Commonplace to us, the universality and invariance of
numbers were many centurics beyond the imagination of the
stewards who counted the captives. Numbers were useful to
them, and that was all they needed to know in order to sur-
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A Royal Mace 17

vive and prosper. The origins of counting were so remote,
and their own civilization so far advanced, that it probably
never occurred to them to ask what a number is, or to specu-
late on how human beings ever chanced to invent numbers.
All such troublings of the spirit were thousands of vears in
the future. Not even the inquisitive Greeks asked explicitly
what numbers are, though Pythagoras and his followers occa-
sionally spoke of them as if they were alive.

The other question, as to who invented numbers, may
be improperly posed. It is conceivable that numbers were
never deliberately invented by anv one man or group of
men, but evolved by almost imperceptible stages, somewhat
as language is believed by some to have developed from
meaningless cries. Somewhere, somehow, human beings may
have drifted into the habit of using numbers without know-
ing what they were doing. Nonetheless, the numbers 1, 2, 3

. exhibit some of the marks of sudden inspiration and
conscious invention. The most significant of these are again
connected with the universality and invariance of numbers.
Although nobody knows whether such a thing ever hap-
pened, it is tempting to imagine that some nameless genius
quite suddenly perceived that a man and woman, a stone
and a slingshot, a dream and a sunset, and in fact any couple
of things whatever, are all alike in one respect and only in
one: their “twoness.” From there to the conception of the
number two itself was a gigantic stride, but some man must
have taken it centuries before the King reviewed his captives.

Lest all this still seem too easy, let us accept the number
two as the commonplace it appears to be, and ask ourselves
what two, considered as a number independently of its uscs,
“really is.” In short we are to define the “number” two in
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a manner acceptable to at least some (but not all) twentieth-
century mathematicians. A similar definition is to hold for
any natural number.

It is not easy. Between the counting of the 1,422,000 goats
and a reasonably satisfactory definition of two, there is a
blank of about 5500 years in which neither mathematicians
nor logicians could satisfy themselves what two is on its own
merits. With the caution that hnality is the last thing any
‘instructed mathematician strives to attain in mathematics,
we shall merely state the definition. Two is the class of all
those classes of things which can be paired off, one-to-one,
with the members of any couple of things. “Class™ is to be
understood intuitively as a primitive notion not further ana-
lyzed. The apparent circularity in “two” and “couple” is
only accidental and can be avoided. Thus the natural “num-
ber” two is a “class”; and similarly any natural number is
a class.

Without attempting an analysis of this rather recondite
definition, we note that when pondered and understood, it
captures what eluded the first man who observed that all
such collections as a2 husband and his wife, a dawn and a
death, a bird and a thunderstorm, have in common only
their twoness. This observation, whoever made it, was the
beginning of arithmetic. It was also the secret source of all
the magic of numbers that insinuated itself into ancient
philosophy, mediacval number mysticism, and modern science.

We have noted one possible origin of numbers. In sug-
gesting that numbers were invented we did great but unin-
tentional violence to more than one respected philosophy of
number, Plato’s among them, and outraged the beliefs of many
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eminent mathematicians of the nineteenth and twentieth
centuries. Histonically an obvious alternative has been far
more widely accepted. If numbers were not invented by
human beings they may—not necessarily “must”—have been
discovered. Here is the parting of the ways, where knowledge
ends and opinion begins.

Some mathematicians believe that numbers were invented
by human beings. Others, equally competent, believe that
numbers have an independent existence of their own and
are merely observed by sufhciently intelligent mortals.

The difference between the two crceds is anything but
trivial. Both cannot possibly make sense. It is conceivable,
however, that the question “Were numbers invented or
were they discovered?” is improperly posed. It may scem as
meaningless to our successors as the question “Is honesty blue
or is it triangular?” seems to us. But at present—until the
psychologists intervene—the question about numbers seems
to make as good sense to us as some others which can be
answered unambiguously. For example, “Was Amenca dis-
covered in 1492 or was it invented then?”, or “Did Watt
invent the steam engine or did he discover it?”

Even superficially these four specimen questions are of
different types. Though the one about honesty has the gram-
matical form of a meaningful question, it is merely a non-
sensical string of words. The one about America could be
quickly settled, except perhaps in a metaphvsical debating
society, by accepted methods of evaluating historical cvidence,
The question of Watt and the steam engine might be re-
solved similarly. Then some thoughtful philosopher might
remark that the eternal structure of the physical universe and
the constitution of the human mind necessitated the inven-
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tion of the steam engine sooner or later in the destined un-
folding of history. Without laboring the point we note that
a case might be made out for Watt as part inventor, part
discoverer. It is even possible to make some kind of sense
of the assertion that the steam engine was waiting to be dis-
covered ages before the solar system came into being. Watt
~ would then be a mere observer of the already existent.

The question about numbers—were they discovered or were
they invented?—cannot be disposed of by any such means
as suffice for the one about America. Whichever answer we
favor is determined largely by our emotions. For plainly the
question is unanswerable by any objective or documentary
test, and vet it is not, apparently, nonsensical. In this it re-
sembles several profounder questions concerning man’s rela-
tion to the universe that have exercised philosophers, theo- .
logians, and scientists for many centuries. Those who would °
say numbers were discovered might agree that man is the
noblest work of God. Those favoring a human origin of num-
bers would be inclined to retort that man almost invariably
has made his gods in his own image.

It is not necessary to take sides in this age-old controversy.
Our only concern here is to observe certain phases of it down
the centuries, and to note how deeply men’s beliefs concern-
ing the Platonic reality of numbers—their existence as supra-
human “entities” beyond man's interference—have influenced
their beliefs in other fields far distant from mathematics and
perhaps of greater human value, Whether the question “Were
numbers invented or were they discovered?” is answerable
or unanswerable, or whether it is meaningful or improperly
posed, its impact on the development of rational thought
more than once has been decisive. Emotional or rational

Sacred Science Insdicuce

wiaw.sacredscience.com



A Royal Mace 21

attempts to answer it continue to generate controversy, if
nothing more profitable. It is the oldest and the simplest of
all questions regarding the nature of mathematical truths.
History gives no universally accepted answer to it; science,

it is hoped, may.

Instead of trying to come at the origin of numbers by con-
jectural reconstructions of the history of our race, psycholo-
gists have sought the same goal by imagining the early de-
velopment of the individual. Counting becomes a possibility
to the future arithmetician when, as a very young baby, he
falls out of his crib or bumps into a chair. For the first time
in his life he then senses the “not-1.” The “I” and the “not-1”
are the matrix of all plurality. It may not be too fanciful to
-see in this shattering recognition of a hostile “not-1” the
~subconscious beginning of the evil associated with the num-
ber two by all number mystics from the ancient Pythagoreans
to the theological numerologists of the Middle Ages. Two,
the “Dyad,” the “not-One” invariably is represented as un-
stable and bad, as deceptive indeed as a two-dollar bill. The
number-wise Dante (thirteenth century), for example, argues
that the Empire should be *unified” because “being one” ap-
pears as the root of “being good,” and “being many” the
toot of “being bad.” It is for this reason that Pythagoras
puts “One” on the side of good, and “Manv” on the side
of evil. Dante might have added that Plato followed Pythag-
oras in this respect and that each may have been recalling
the subconscious memories of his infancy. Unless the future
number-mystic is also a born solipsist he will learn very carlv

that he is not the all-powerful, all-knowing One and Eternal
Monad,
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[Further painful encounters with tables instead of chairs
may lead to the perception of “not-chair.” The infant’s loving
parents and the not-so-loving family cat impress further dis-
tinctions on his raw and tender consciousness. But unless the
infant is to be a great mathematical philosopher, he will not
intuit lis parents and the cat as sharing anything universal
with the immumate trinity of two chairs and a table. Indced
lie will probably never discover (or invent) 3, 4, 5 . . .7 by
hiumself, but will have to be taught them by his parents. I'rom
whom did his parents lcarn the numbers? IFrom their parents.
And so on, back to savagery.

At this point the psychoanalysis of number becomes some-
what less sure of itself. IFrom whom did the savage learn? [His
parents stopped at the number six. Did the genius ot the
tribe mvent the “seven” he used to count the arrows his
father was unable to enomerate? Or was “scven” waiting to
be summoned from the realm of Eternal Being? And will it
still De there when the human race is extinct, readyv to be
rediscovered by some future species of intelligent animals?
How much of “number” is created by the human mind—or
bv human behavior—and how much is self-existent and onlv
obscrved? [t wiil do the practical inan little zood to sav that
only @ metaphysician would ask such questions. 'The historical
fact 1s that numcrous impractical men not onlv asked these
questions but struggled for centuries to answer them. and
their successes and failures are responsible for much by which
the practical man regulates his life in spite ot his impacicnce
with all metaphvsics.

As usnal mosuch inquiries the favored answer is an incon-
clusive compromise. Experience teaches the savage that num-
ber is a reliable Tabel for distinguishing objects whether like
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or unlike. Once he has perceived the difference between one
thing and many, the savage is compelled {bv what?) to con-
tinue through “three” things to “four” things. and so on for
as far as may be profitable. Only at a much later stage, when
civilization is a habit, do fairly general conceptions of num-
bers emcrge. At some intermediate stage such anthmetical
factsas+ =2+ 24+ =1+141+ 1 must have been appre-
hended at least intuitively. Anv conception of numbers which
contradicted these Dbasic facts of arithmetic as we know it
would be rejected as too clumsy for use.

Though abandoning the main question unanswered. this
compromise has the double merit of leaving open twao doors.
onc to naturalism, the other to supernaturalisin. After the
first step hesitation was no longer possible. The scores of
mystics, philosophers, and mathematicians who chose the
second door beheld the vision of number as a divine creation.
Some cven saw number as the power to which even the gods
must bow. Those who preferred the wav of naturalism found
nothing superhuman, Their negative reports were largeiv
ignored, and they themsclves achieved no great populanty.
The few independents who refused to enter cither door :ind
maintained their open minds had almost no support.

The next significant historical episqde after the roval muce
of 3500 s.c. concerns the Babylon of fftcen centurics facer.
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