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Preface

THE FOLLOWING volume of selections is devoted to the subject of cosmology, the study of the astronomical or physical universe as a whole. It is intended for the general reader. The material is drawn wherever possible from the non-technical writings of those who played an important part in the main lines of development of the subject.

The questions which cosmology seeks to answer are perennial ones. Whoever looks up into the starry heavens is prompted to speculate about the beginning and end of things, about space, time, and creation. The questions as formulated by modern scientific cosmologists, and the methods employed to solve them are refinements upon the same queries raised by every man in his reflective moments. However, if we would understand such progress as has been made by more advanced techniques and the variety of current trends in scientific cosmology which we shall survey in this volume, it is important to see these against the background of earlier efforts and achievements. For it was out of these earlier gropings and partial advances that the ground was prepared for the present-day surge forward in our knowledge of the subject. Beginning with one of the earliest ventures in the form of myth, I have, accordingly, selected those materials which would exhibit the main stages of progress in cosmological inquiry from antiquity up to the present time.

The student of philosophy and particularly of the philosophy of science will find the selections here included of special interest since they offer a wealth of material for the analysis of concepts and methods in an important area of intellectual concern. The study of the “logic” of cosmology, as distinguished from the pursuit of cosmological inquiry itself, is both a critical examination of the procedures involved in obtaining knowledge of the universe and an analysis of the meaning or meanings of the concept “universe.” It cannot be more profitably conducted than by a close study of texts such as these.

It almost goes without saying that I have not attempted to provide a source-book of relevant materials for the study of the entire history of cosmology in all its aspects, including subsidiary ones or offshoots from the main lines of advance, whether in its earlier or contemporary phases. Nor is this intended as a collection of those papers, generally written in the technical language of mathematics as in the recent literature of the subject, that would be of interest primarily to the specialist. In view, however, of the general dearth of books in this area, it is hoped that the present volume at least will do something to satisfy a growing and already widespread interest in the subject.

I wish to thank Dr. Charles A. Muses of The Falcon’s Wing Press and Mr. Jeremiah Kaplan of The Free Press for their splendid co-operation and thoughtful consideration of the many details that went into the production of this book as well as a companion volume Space, Time and Creation. I am most grateful also to Professor Paul Edwards as Editor of The Library of Scentific Thought for his many helpful suggestions, and to my wife, Dr. Lenore B. Munitz, for her valuable assistance in the preparation of this volume.

M. K. M.
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General Introduction

THE PAST several decades have seen remarkable advances made in the scientific study of the physical universe on its most inclusive astronomical scale. Giant telescopes, such as those at Mount Wilson and Palomar Mountain have probed the heavens to depths hitherto beyond reach by observational means. The light coming from these far reaches of space travels over distances that needs to be reckoned in terms of billions of light-years. The same light, moreover, tells of events that occurred billions of years ago. The data gathered by these telescopes and various other auxiliary instruments inform us of a universe whose major constituents are now recognized to be galaxies and clusters of galaxies. It is to one such galaxy, a vast swarm of stars separated from other similar systems by enormous distances, that our own sun and its planetary family belongs.

In scientific cosmology, as in other branches of science, the work of the observer is supplemented by and co-ordinated with that of the theorist. The latter constructs various “models” of the universe as a whole that provide a pattern of intelligibility for what is already discovered by the astronomer. These models also help the astronomer in his search for fresh empirical materials. The models are grounded in the conceptual resources of mathematical physics and, since the path-breaking suggestions of Einstein in 1917, have generally exploited the leads provided by relativity theory.

The present scene in cosmology is one of great activity, indeed the most intense in the entire history of the subject. It is one in which constant additions and corrections are made in the storehouse of accumulated facts. It is one, too, in which, despite certain broad areas of agreement, wide-ranging differences on the level of theory have come to identify various “schools of thought.” Through patient research and sifting of differences, a general pattern of growth in information and insight has already begun to characterize this most recent phase of interest in what are, after all, age-old questions. It is a pattern that may be expected to continue.

It will prove helpful to distinguish for the purposes of the present survey four main stages in the general development of our subject. The first stage is characterized by a changeover from the methods pursued by mythical cosmogonies to the more rational, embryonic scientific speculations of the pre-Socratic Ionian and Pythagorean schools. The second stage is marked by the emergence in the classic period of Greek philosophy and astronomy of the geocentric-finite cosmology as this is expounded by Plato, Aristotle and Ptolemy. It was basically this cosmology which remained the orthodox point of view of enlightened thought until its gradual collapse and overthrow at the beginning of the modern era. The third stage stretches from the period of mounting attacks on the classic cosmology in the very late Middle Ages and, continuing on its constructive side with the contributions of such figures as Copernicus, Newton, Kant, Herschel and others, comes to an end at the turn of the present century. This third phase is marked by astronomic discoveries on an observational level and theoretical trials of alternative possibilities on the conceptual side that at once carry the subject forward and prepare the ground for the current phase. The fourth period may be said to begin in the second decade of the present century. Here the use of great telescopes effected a breakthrough into the realm of galaxies and an exploration of its properties, while the work of the theoretical physicist from Einstein’s to Hoyle’s, making use of the most advanced tools of mathematics, led to the construction of various improved models of the universe. It was out of such labors that current conceptions of “the expanding universe” were born.



 First Steps in Cosmological Speculation




Introduction


IN THE ATTEMPT to make the brute facts of experience intelligible, analogy plays a fundamental role. By means of it what is already familiar or understood is appealed to in order to make clear the unfamiliar and the unexplained. The use of analogy runs as a common thread from the earliest and crudest efforts of myth to the latest and most sophisticated reaches of science, though, of course, the types of analogies used in these contrasting areas will be widely different as will the sanctions for their use.

Cosmological speculation when it first makes its appearance at the dawn of intellectual history takes the form of myth. Here one finds the use of imagery borrowed from some familiar area of human experience as a basis for making intelligible the origin and structure of the universe as a whole. What distinguishes such myths from later philosophical and scientific efforts is the fact that the imagery selected is of a type which these more sophisticated accounts discard as too anthropomorphic and generally inappropriate. For the favorite analogies appealed to in myth consist basically of three types: craftsmanship as practiced by some artificer or creator, the process of biological generation from seeds or eggs, and the imposition of a social order by some powerful authority to yield a community living according to law. Most cosmogonic myths the world over employ the models furnished by art, biological reproduction, or the pattern of submission to focused authority (often commingled or superimposed on one another in a particular account) as the springboards from which they would account for the coming-into-existence of the world and the structure it is found to possess in its gross astronomical features.

Among such myths, that which goes by the name Enuma Elish, being the Babylonian and Assyrian account of how the world came into existence, is of central importance and great interest. Apart from being a well-developed illustration of cosmogonic myth among ancient peoples, it provides many significant parallels to the account to be found in the Biblical Book of Genesis. Thorkild Jacobsen’s analysis of the contents of this myth, in what follows, lays bare not only its main themes but also the background of geographical and cultural facts in terms of which these themes become meaningfully related. The discerning reader will note the way in which the genesis of the universe is variously ascribed to the operation on a cosmic scale of processes of craftsmanship, biological generation, and the coming-into-existence of order based on authoritative command. The faint echoes of these modes of imagery are still to be found in portions of the Bible, indicating an undoubted continuity in the traditions that provided the materials for the composition of both works.

The great achievement of the pre-Socratic philosophers was that of liberating the subject of cosmology from the use of myth. They substituted for its study purely physical ideas, or in addition, as in the case of the Pythagoreans, mathematical ones. The concepts were, to be sure, crude, as were the observational materials upon which they were directed. But the step forward was enormous. Yet even here, as F. M. Cornford shows in his discussion of the “Pattern of Ionian Cosmogony,” the break with the past was neither as absolute nor as thoroughgoing as it is frequently assumed to be. The pattern set by cosmogonic myths continues to provide many of the presuppositions and indeed the over-all framework within which such more rational efforts and speculative trials were developed.

The type of thinking initiated by the Milesian school of pre-Socratic thinkers—Thales, Anaximander and Anaximenes—in the sixth century B.C. was carried forward in many directions. One of the most remarkable outcomes of such speculations, representing a culmination of their materialistic thought, was to be found in the Atomist school. Originally worked out in its main features by Leucippus and Democritus in the fifth century B.C., the teachings of atomism were later adopted as a basis for the primarily ethical philosophy of Epicureanism. The great work of the Roman poet Lucretius, The Nature of the Universe (De Rerum Natura), of which selections are given below, belongs to this tradition. In it we find systematically presented the basic axioms on which the atomist philosophy is grounded and the consequences drawn from them for an understanding of the physical universe as a whole. It elaborates the conception of a universe whose order arises out of a blind interplay of atoms rather than as a product of deliberate design; of a universe boundless in spatial extent, infinite in its duration and containing innumerable worlds in various stages of development or decay. It was this conception of an infinite and, at bottom, irrational universe against which Plato, Aristotle, and the whole tradition of theologically oriented thought in Western culture set themselves in sharp and fundamental opposition. It was the same conception, however, which once more came into the foreground of attention at the dawn of modern thought and has remained up to the present time an inspiration for those modes of scientific thinking that renounce any appeal to teleology in the interpretation of physical phenomena.

The contributions of the Pythagorean school to the early development of cosmology, beginning in the sixth century B.C., were twofold: (1) it stressed the concept that the universe is indeed a cosmos, an orderly pattern whose formal structure can be grasped and expressed in the language of mathematics, the language of figure and number; (2) through the speculations of Philolaus, a member of the school in the fifth century B.C. (whose work is recounted by Theodor Gomperz below), it paved the way for later radical astronomical hypotheses. Among these were the views of Heracleides of Pontus (c. 388-310 B.C.) who defended the idea of the daily rotation of the earth on its axis, and that the sun, not the earth, was the center of the orbits of Venus and Mercury, and the non-geocentric cosmological views of Aristarchus of Samos, the “ancient Copernicus” (c. 310-230 B.C.) who taught both the daily rotation of the earth and its annual revolution about the sun.

The recognition of the value of mathematics as the means for making intelligible the orderly regularities observed in the motions of the heavenly bodies was, of course, of momentous importance for ancient astronomy and for the subsequent career of science generally. On its constructive side, the Pythagorean vision as mediated by Plato (who was steeped in their thought) led to the development of the first successful theory of planetary motions at the hands of Plato’s pupil, Eudoxus of Cnidus, in the form of the theory of homocentric or concentric spheres. Even when this theory was abandoned later in favor of the use of eccentrics and epicycles by Hipparchus and Ptolemy, it was still the original Pythagorean confidence in the power of mathematics which remained, as it has up to the present, at the core of scientific theorizing. The other seminal idea in ancient astronomy due to the Pythagoreans, the conception of a non-geocentric cosmology, although it was tied up with the belief in a fictitious “central fire” (not to be confused with the sun), was an idea that did not gain any marked acceptance in ancient thought. The dominant cosmology in antiquity and the Middle Ages settled down to the elaboration of a world-view which bypassed this brief and brilliant venture in speculative astronomy. Once more it was the revival of science at the beginning of the modern era which was to bring to fruition and exploit the possibilities latent in these suggestions, beginning with the epoch-making work of Copernicus.



Enuma Elish—“The Babylonian Genesis”


THORKILD JACOBSEN:

A PROPER cosmogony treating of the fundamental problems of the cosmos as it appeared to the Mesopotamians—its origin and the origin of the order which it exhibits—does not appear until the earlier half of the second millennium B.C. Then it is given in a grandiose composition named Enuma elish, ‘When above.’1 Enuma elish has a long and complicated history. It is written in Akkadian,2 seemingly Akkadian of approximately the middle of the second millennium B.C. At that period, then, the composition presumably received the form in which we now have it. Its central figure is Marduk, the god of Babylon, in keeping with the fact that Babylon was at that time the political and cultural centre of the Mesopotamian world. When later on, in the first millennium B.C., Assyria rose to become the dominant power in the Near East, Assyrian scribes apparently replaced Marduk with their own god Assur and made a few changes to make the story fit its new hero. This later version is known to us from copies of the myth found in Assyria.

The substitution of Assur for Marduk as the hero and central figure of the story seems to have been neither the only nor the first such substitution made. Behind our present version with Marduk as the hero undoubtedly lies a still earlier version wherein, not Marduk, but Enlil of Nippur played the central role. This more original form can be deduced from many indications in the myth itself. The most important of these is the fact that Enlil, although he was always at least the second most important Mesopotamian deity, seems to play no part whatever in the myth as we have it, while all the other important gods have appropriate roles. Again, the role which Marduk plays is not in keeping with the character of the god. Marduk was originally an agricultural or perhaps a solar deity, whereas the central role in Enuma elish is that of a god of the storm such as Enlil was. Indeed, a central feat ascribed to Marduk in the story—the separating of heaven and earth—is the very feat which other mythological material assigns to Enlil, and with right, for it is the wind which, placed between the sky and the earth, holds them apart like the two sides of an inflated leather bag. It seems, therefore, that Enlil was the original hero of the story and was replaced by Marduk when our earliest known version was composed around the middle of the second millennium B.C. How far the myth itself goes back, we cannot say with certainty. It contains material and reflects ideas which point backward through the third millennium B.C.



From H. and H. A. Frankfort, John A. Wilson, Thorkild Jacobsen, William A. Irwin, The Intellectual Adventure of Ancient Man, Chicago, 1946, pp. 168-83. Reprinted with the kind permission of The University of Chicago Press. Also published under the title Before Philosophy in Pelican Books.



A. Fundamentals of Origin

We may now turn to the content of the myth. It falls roughly into two sections, one dealing with the origin of the basic features of the universe, the other telling how the present world order was established. There is, however, no rigid separation of these two themes. The actions of the second part of the myth are foreshadowed in, and interlock with, the events told in the first.

The poem begins with a description of the universe as it was in the beginning:


When a sky above had not (yet even) been mentioned
(And) the name of firm ground below had not (yet even) been thought of;
(When) only primeval Apsu, their begetter,
And Mummu and Ti’amat—she who gave birth to them all—
Were mingling their waters in one;
When no bog had formed (and) no island could be found;
When no god whosoever had appeared,
Had been named by name, had been determined as to (his) lot,
Then were gods formed within them.3



This description presents the earliest stage of the universe as one of watery chaos. The chaos consisted of three intermingled elements: Apsu, who represents the sweet waters; Ti’amat, who represents the sea; and Mummu, who cannot as yet be identified with certainty but may represent cloud banks and mist. These three types of water were mingled in a large undefined mass. There was not yet even the idea of a sky above or firm ground beneath; all was water; not even a swampy bog had been formed, still less an island; and there were yet no gods.

Then, in the midst of this watery chaos, two gods come into existence: Lahmu and Lahamu. The text clearly intends us to understand that they were begotten by Apsu, the sweet waters, and born of Ti’amat, the sea. They represent, it would seem, silt which had formed in the waters. From Lahmu and Lahamu derive the next divine pair: Anshar and Kishar, two aspects of ‘the horizon’. The myth-maker apparently viewed the horizon as both male and female, as a circle (male) which circumscribed the sky and as a circle (female) which circumscribed the earth.

Anshar and Kishar give birth to Anu, the god of the sky; and Anu engenders Nudimmut. Nudimmut is another name for Ea or Enki, the god of the sweet waters. Here, however, he is apparently to be viewed in his oldest aspect as representing the earth itself; he is En-ki, ‘lord of the earth’. Anshar is said to have made Anu like himself, for the sky resembles the horizon in so far as it, too, is round. And Anu is said to have made Nudimmut, the earth, in his likeness; for the earth was, in the opinion of the Mesopotamians, shaped like a disc or even like a round bowl:


Lahmu and Lahamu appeared and they were named;
Increasing through the ages they grew tall.
Anshar and Kishar (then) were formed, surpassing them;
They lived for many days, adding year unto year.
Their son was Anu, equal to his fathers.
Anshar made his firstborn, Anu, to his own likeness,
Anu, to his own likeness also, Nudimmut.
Nudimmut excelled among the gods, his fathers;
With ears wide open, wise, mighty in strength,
Mightier than his father’s father Anshar,
He had no equal among his fellow-gods.



The speculations which here meet us, speculations by which the ancient Mesopotamians thought to penetrate the mystery concealing the origin of the universe, are obviously based upon observation of the way in which new land is actually formed in Mesopotamia. Mesopotamia is an alluvial country. It has been built through thousands of years by silt which has been brought down by the two great rivers, the Euphrates and the Tigris, and has been deposited at their mouths. This process still goes on; and day by day, year by year, the country slowly grows, extending farther out into the Persian Gulf. It is this scene—where the sweet waters of the rivers meet and blend with the salt waters of the sea, while cloud banks hang low over the waters—which has been projected back into the beginning of time. Here still is the primeval watery chaos in which Apsu, the sweet waters, mingles with Ti’amat, the salt waters of the sea; and here the silt—represented by the first of the gods, Lahmu and Lahamu—separates from the water, becomes noticeable, is deposited.

Lahmu and Lahamu gave birth to Anshar and Kishar; that is, the primeval silt, born of the salt and the sweet waters in the original watery chaos, was deposited along its circumference in a gigantic ring: the horizon. From Anshar, the upper side of this ring, and from Kishar, its lower side, grew up through days and years of deposits Anu, heaven, and Nudimmut-Enki, earth. As Enuma elish describes this, Anu, the sky, was formed first; and he engendered Nudimmut, the earth.

This presentation breaks the progression by pairs—Lahmu-Lahamu, Anshar-Kishar—after which we expect a third pair An-Ki, ‘heaven and earth’; instead, we get Anu followed by Nudimmut. This irregularity suggests that we are here dealing with an alteration of the original story perhaps made by the redactor who introduced Marduk of Babylon as hero of the myth. He may have wanted to stress the male aspect of the earth, Ea-Enki, since the latter figured as father of Marduk in Babylonian theology. Originally, therefore, Anshar-Kishar may have been followed by An-Ki, ‘heaven and earth’. This conjecture is supported by a variant of our story preserved in the great ancient Mesopotamian list of gods known as the An-Anum list. Here we find an earlier, more intact version of the speculation: from the horizon, from Anshar and Kishar as a united pair, grew the sky and the earth. Sky and earth are apparently to be viewed as two enormous discs formed from the silt which continued to be deposited along the inside of the ring of the horizon as the latter ‘lived many days, added year unto year’. Later on, these discs were forced apart by the wind, who puffed them up into the great bag within which we live, its under side being the earth, its upper side the sky.

In speculating about the origin of the world, the Mesopotamians thus took as their point of departure things they knew and could observe in the geology of their own country. Their earth, Mesopotamia, is formed by silt deposited where fresh water meets salt water; the sky, seemingly formed of solid matter like the earth, must have been deposited in the same manner and must have been raised later to its present lofty position.

B. Fundamentals of World Order

Just as observed facts about the physical origin of his own country form the basis for the Mesopotamian’s speculations about the origin of the basic features in the universe, so, it would seem, does a certain amount of knowledge about the origin of his own political organization govern his speculations as to the origin of the organization of the universe. The origin of the world order is seen in a prolonged conflict between two principles, the forces making for activity and the forces making for inactivity. In this conflict the first victory over inactivity is gained by authority alone; the second, the decisive victory, by authority combined with force. The transition mirrors, on the one hand, a historical development from primitive social organization, in which only custom and authority unbacked by force are available to ensure concerted action by the community, to the organization of a real state, in which the ruler commands both authority and force to ensure necessary concerted action. On the other hand, it reflects the normal procedure within the organized state, for here also authority alone is the means brought to bear first, while force, physical compulsion, is only resorted to if authority is not sufficient to produce the conduct desired.

To return to Enuma elish: With the birth of the gods from chaos, a new principle—movement, activity—has come into the world. The new beings contrast sharply with the forces of chaos that stand for rest and inactivity. In a typically mythopoeic manner this ideal conflict of activity and inactivity is given concrete form in a pregnant situation: the gods come together to dance.


The divine companions thronged together
and, restlessly surging back and forth, they disturbed Ti’amat,
disturbed Ti’amat’s belly,
dancing within (her depth) where heaven is founded.
Apsu could not subdue their clamour,
and Ti’amat was silent …
but their actions were abhorrent to her
and their ways not good….



The conflict is now manifest. The first power of chaos to come out openly against the gods and their new ways is Apsu.


Then Apsu, the begetter of the great gods,
called his servant Mummu, saying to him:
‘Mummu, my servant, who dost gladden my heart,
come let us go to Ti’amat.’
They went; and seated before Ti’amat,
about the gods their firstborn they took counsel.

Apsu began to speak,
saying to pure Ti’amat:
‘Abhorrent have become their ways to me,
I am allowed no rest by day, by night no sleep.
I will abolish, yea, I will destroy their ways,
that peace may reign (again) and we may sleep.’



This news causes consternation among the gods. They run around aimlessly; then they quiet down and sit in the silence of despair. Only one, the wise Ea-Enki, is equal to the situation.


He of supreme intelligence, skilful, ingenious,
Ea, who knows all things, saw through their scheme.
He formed, yea, he set up against it
the configuration of the universe,
and skilfully made his overpowering sacred spell.
Reciting it he cast it on the water (—on Apsu—),
poured slumber over him, so that he soundly slept.



The waters to which Ea here recites his spell, his ‘configuration of the universe’, are Apsu. Apsu succumbs to the magic command and falls into a deep slumber. Then Ea takes from him his crown and drapes himself in Apsu’s cloak of fiery rays. He kills Apsu and establishes his abode above him. Then he locks up Mummu, passes a string through his nose, and sits holding him by the end of this nose-rope.

What all this signifies is perhaps not immediately evident; yet it can be understood. The means which Ea employs to subdue Apsu is a spell, that is, a word of power, an authoritative command. For the Mesopotamians viewed authority as a power inherent in commands, a power which caused a command to be obeyed, caused it to realize itself, to come true. The authority, the power in Ea’s command, was great enough to force into being the situation expressed in the command. And the nature of this situation is hinted at when it is called ‘the configuration of the universe’; it is the design which now obtains. Ea commanded that things should be as they are, and so they became thus. Apsu, the sweet waters, sank into the sleep of death which now holds the sweet waters immobile underground. Directly above them was established the abode of Ea-earth resting upon Apsu. Ea holds in his hands the nose-rope of captive Mummu, perhaps—if our interpretation of this difficult figure is correct—the cloud banks which float low over the earth. But whatever the details of interpretation may be, it is significant that this first great victory of the gods over the powers of chaos, of the forces of activity over the forces opposing activity, was won through authority and not through physical force. It was gained through the authority implicit in a command, the magic in a spell. It is significant also that it was gained through the power of a single god acting on his own initiative, not by the concerted efforts of the whole community of the gods. The myth moves on a primitive level of social organization where dangers to the community are met by the separate action of one or more powerful individuals, not by co-operation of the community as a whole.

To return to the story: In the dwelling which Ea has thus established on Apsu is born Marduk, the real hero of the myth as we have it; but in more original versions it was undoubtedly Enlil’s birth that was told at this juncture. The text describes him:


Superb of stature, with lightning glance,
and virile gait, he was a leader born.
Ea his father, seeing him, rejoiced,
and brightened and his heart filled with delight.
He added, yea, he fastened on to him twofold divinity.
Exceeding tall he was, surpassing in all things.
Subtle beyond conceit his measure was,
incomprehensible, terrible to behold.
Four were his eyes and four his ears;
fire blazed whenever he moved his lips.



But while Marduk grows up among the gods, new dangers threaten from the forces of chaos. They maliciously chide Ti’amat:


When they killed Apsu, thy husband, thou didst not march at his side but sat quietly.



Finally they succeed in rousing her. Soon the gods hear that all the forces of chaos are making ready to do battle with them:


Angry, scheming, restless day and night, they are bent on fighting, rage and prowl like lions.




Gathered in council, they plan the attack.
Mother Hubur—creator of all forms—
adds irresistible weapons, has borne monster serpents,
sharp toothed, with fang unsparing;
has filled their bodies with poison for blood.
Fierce dragons she has draped with terror,
crowned with flame and made like gods,
so that whoever looks upon them shall perish with fear,
and they, with bodies raised, will not turn back their breast.



At the head of her formidable army Ti’amat has placed her second husband, Kingu. She has given him full authority and entrusted to him the ‘tablets of destinies’, which symbolize supreme power over the universe. Her forces are ranged in battle order ready to attack the gods.

The first intelligence of what is afoot reaches the always well-informed Ea. At first, a typical primitive reaction, he is completely stunned, and it takes some time before he can pull himself together and begin to act.


Ea heard of these matters,
lapsed into dark silence, wordlessly sat.
Then, having deeply pondered and his inner turmoil quieted,
arose and went to his father Anshar,
went before Anshar, his father who begot him.
All Ti’amat had plotted he recounted.



Anshar also is deeply disturbed and smites his thigh and bites his lip in his mental anguish. He can think of no better way out than to send Ea against Ti’amat. He reminds Ea of his victory over Apsu and Mummu and seems to advise him to use the same means he used then. But this time Ea’s mission is unsuccessful. The word of an individual, even the powerful word of Ea, is no match for Ti’amat and her host.

Anshar then turns to Anu and bids him go. Anu is armed with authority even greater than that of Ea, for he is told:


If she obey not thy command, speak unto her our command, that she may subside.



If Ti’amat cannot be overpowered by the authority of any one god, the command of all gods, having behind it their combined authority, must be used against her. But that, too, fails; Anu is unable to face Ti’amat, returns to Anshar, and asks to be relieved of the task. Unaided authority, even the highest which the gods command, is not enough. Now the gods face their hour of gravest peril. Anshar, who has thus far directed the proceedings, falls silent.


Anshar grew silent, staring at the ground,
he shook his head, nodded toward Ea.
Ranged in assembly, all the Anunnaki
lips covered, speechless sat.



Then, finally, rising in all his majesty, Anshar proposes that Ea’s son, young Marduk, ‘whose strength is mighty’, champion his fathers, the gods. Ea is willing to put the proposal to Marduk, who accepts readily enough but not without a condition:


If I am to be your champion,
vanquish Ti’amat, and save you,
then assemble and proclaim my lot supreme.
Sit down together joyfully in Ubshuukkinna;
let me, like you, by word of mouth determine destiny,
so that whatever I decide shall not be altered,
and my spoken command shall not (come) back (to me), shall not be changed.



Marduk is a young god. He has abundant strength, the full prowess of youth, and he looks ahead to the physical contest with complete confidence. But, as a young man, he lacks influence. It is for authority on a par with that of the powerful senior members of the community that he asks. A new and unheard-of union of powers is here envisaged: his demand foreshadows the coming state with its combination of force and authority in the person of the king.

And so the call goes out, and the gods foregather in Ubshuukkinna, the court of assembly in Nippur. As they arrive, they meet friends and relatives who have similarly come to participate in the assembly, and there is general embracing. In the sheltered court the gods sit down to a sumptuous meal; wine and strong drink soon put them in a happy and carefree mood, fears and worries vanish, and the meeting is ready to settle down to more serious affairs.


They smacked their tongues and sat down to the feast;
They ate and drank,
Sweet drink dispelled their fears.
They sang for joy, drinking strong wine.
Carefree they grew, exceedingly, their hearts elated.
Of Marduk, (of) their champion, they decreed the destiny.



The ‘destiny’ mentioned is full authority on a par with that of the highest gods. The assembly first gives Marduk a seat of honour and then proceeds to confer the new powers on him:


They made a princely dais for him.
And he sat down, facing his fathers, as a councillor.
‘Thou are of consequence among the elder gods.
Thy rank is unsurpassed and thy command is Anu(’s).
Marduk, thou are of consequence among the elder gods;
Thy rank is unequalled and thy command is Anu(’s).
From this day onward shall thy orders not be altered;
To elevate and to abase—this be within thy power.
What thou hast spoken shall come true, thy word shall not prove vain.
Among the gods none shall encroach upon thy rights.’



What the assembly of the gods here confers upon Marduk is kingship: the combination of authority with powers of compulsion; a leading voice in the counsels of peace; leadership of the army in times of war; police powers to penalize evildoers.


We gave thee kingship, power over all things.
Take thy seat in the council, may thy word prevail.
May thy weapon not yield, may it smite thy foes.
Grant breath of life to lord(s) who put (their) trust in thee.
But if a god embraces evil, shed his life.



Having conferred authority upon Marduk, the gods want to know that he really has it, that his command now possesses that magic quality which makes it come true. So they make a test:


They placed a garment in their midst
And said to Marduk their firstborn:
‘O Lord, thy lot is truly highest among gods.
Command annihilation and existence, and may both come true.
May thy spoken word destroy the garment,
Then speak again and may it be intact.’
He spoke—and at his word the garment was destroyed.
He spoke again, the garment reappeared.
The gods, his fathers, seeing (the power of) his word,
Rejoiced, paid homage: ‘Marduk is king.’



Then they give him the insignia of kingship—sceptre, throne, and royal robe(?)—and arm him for the coming conflict. Marduk’s weapons are the weapons of a god of storm and thunder—a circumstance understandable when we remember that the story was originally the story of the storm-god Enlil. He carries the rainbow, the arrows of lightning, and a net held by four winds.


He made a bow, designed it as his weapon,
let the arrow ride firmly on the bowstring.
Grasping his mace in his right hand, he lifted it;
and fastened bow and quiver at his side.
He bade lightning precede him,
and made his body burn with searing flame.
He made a net to encircle Ti’amat,
bade the four winds hold on, that none of her escape.
The south wind, north wind, cast wind, west wind,
Gifts from his father Anu, did he place along the edges of the net.



In addition, he fashions seven terrible storms, lifts up his mace, which is the flood, mounts his war chariot, ‘the irresistible tempest’, and rides to battle against Ti’amat with his army, the gods milling around him.

At the approach of Marduk, Kingu and the enemy army lose heart and are plunged into utter confusion; only Ti’amat stands her ground and challenges the young god to battle. Marduk returns the challenge, and the fight is on. Spreading his mighty net, Marduk envelops Ti’amat in its meshes. As she opens her jaws to swallow him, he sends in the winds to hold them open. The winds swell her body, and through her open mouth Marduk shoots an arrow which pierces her heart and kills her. When her followers see Marduk treading on their dead champion, they turn and try to flee; but they are caught in the meshes of his net, and he breaks their weapons and takes them captive. Kingu also is bound, and Marduk takes from him the ‘tablets of destinies’.

When complete victory has thus been achieved, Marduk returns to Ti’amat’s body, crushes her skull with his mace, and cuts her arteries; and the winds carry her blood away. Then he proceeds to cut her body in two and to lift up half of it to form the sky. To make sure that the waters in it will not escape, he sets up locks and appoints guards. He carefully measures the sky which he has thus made; and, as Ea after his victory over Apsu had built his abode on the body of his dead opponent, so now Marduk builds his abode on that part of Ti’amat’s body which he has made into the sky. By measuring he makes certain that it comes directly opposite Ea’s dwelling to form a counterpart of it.

Here we may pause again for a moment to ask what all this means. At the root of the battle between Marduk or Enlil and Ti’amat, between wind and water, there probably lies an age-old interpretation of the spring floods. Every spring the waters flood the Mesopotamian plain and the world reverts to a—or rather to ‘the’—primeval watery chaos until the winds fight the waters, dry them up, and bring back the dry land. Remnants of this concept may be seen in the detail that the winds carry away Ti’amat’s blood. But such age-old concepts had early become vehicles for cosmological speculation. We have already mentioned the existence of a view that heaven and earth were two great discs deposited by silt in the watery chaos and forced apart by the wind, so that the present universe is a sort of inflated sack surrounded by waters above and below. This speculation has left clear traces in Sumerian myths and in the An-Anum list, and here in Enuma elish we have a variant of it: it is the primeval sea, Ti’amat, that is blown up and killed by the winds. Half of her—the present sea—is left down here; the other half is formed into the sky, and locks are affixed so that the water does not escape except once in a while when some of it falls down as rain.

Thus, through the use which it makes of its mythological material, Enuma elish accounts in two ways for the creation of the sky. First, the sky comes into being in the person of the god Anu, whose name means sky and who is the god of the sky; then, again, the sky is fashioned by the wind-god out of half of the body of the sea.

In a period, however, when emphasis had already shifted from the visual aspects of the great components of the universe to the powers felt as active in and through them, Anu, as the power behind the sky, would already be felt as sufficiently different from the sky itself to make this inherent contradiction less acute.

Quite as significant as the direct cosmological identification of the actors in these events, however, is the bearing which the events have on the establishing of the cosmic order. Under pressure of an acute crisis, a threatening war, a more or less primitively organized society has developed into a state.

Evaluating this achievement in modern, and admittedly subjective, terms, we might say that the powers of movement and activity, the gods, have won their final and decisive victory over the powers of rest and inertia. To accomplish this, they have had to exert themselves to the utmost, and they have found a method, a form of organization, which permits them to pull their full weight. As the active forces in a society become integrated in the form of the state and thus can overcome the ever threatening tendencies to chaos and inertia, so the active forces in the Mesopotamian universe through that same form, the state, overcome and defeat the powers of chaos, of inactivity and inertia. But, however that may be, this much is certain—that the crisis has imposed upon the gods a state of the type of Primitive Democracy. All major issues are dealt with in a general assembly, where decrees are confirmed, designs are formulated, and judgments are pronounced. To each god is assigned a station, the most important going to the fifty senior gods, among whom are the seven whose opinion is decisive. In addition to this legislative and judiciary assembly, however, there is now an executive, the young king, who is equal in authority to the most influential members of the assembly, is the leader of the army in war, the punisher of evildoers in peacetime, and generally active, with the assent of the assembly, in matters of internal organization.

It is to tasks of internal organization that Marduk turns after his victory. The first was organizing the calendar—ever a matter for the ruler of Mesopotamia. On the sky which he had fashioned he set up constellations of stars to determine, by their rising and setting, the year, the months, and the days. The ‘station’ of the planet Jupiter was established to make known the ‘duties’ of the days, when each had to appear:


To make known their obligations, that none might do wrong or be remiss.



He also set on heaven two bands known as ‘the ways’ of Enlil and Ea. On both sides of the sky, where the sun comes out in the morning and leaves in the evening, Marduk made gates and secured them with strong locks. In the midst of the sky he fixed the zenith, and he made the moon shine forth and gave it its orders.


He bade the moon come forth; entrusted night to her;
Made her a creature of the dark, to measure time;
And every month, unfailingly, adorned her with a crown.
‘At the beginning of the month, when rising over the land,
Thy shining horns six days shall measure;
On the seventh day let half (thy) crown (appear).
At full moon thou shalt face the sun. . . . . . . . . . . . . . . . . . . . . (But) when the sun starts gaining on thee in the depth of heaven,
Decrease thy radiance, reverse its growth.’



The text goes on with still more detailed orders.

Many further innovations introduced by the energetic young ruler are lost in a large lacuna which breaks the text at this point. When the text becomes readable again, Marduk—seemingly in response to a plea from them—is occupied with plans for relieving the gods of all toilsome menial tasks and for organizing them into two great groups:


Arteries I will knot and bring bones into being.
I will create Lullu, ‘man’ be his name,
I will form Lullu, man.
Let him be burdened with the toil of the gods, that they may freely breathe.
Next, I will dispose of the ways of gods;
Verily—they are clustered like a ball, I shall make them distinct.



Distinct, that is, in two groups. Following a suggestion of his father, Ea, Marduk then calls the gods to assembly; and in the assembly he asks them, now functioning as a court, to state who it was who was responsible for the attack, who stirred up Ti’amat. And the assembly indicts Kingu. So Kingu is bound and executed, and from his blood mankind is created under Ea’s direction.


They bound him, held him before Ea,
Condemned him, severed his arteries.
And from his blood they formed mankind.
Ea then toil imposed on man, and set gods free.



The exceeding skill which went to fashion man commands the admiration of our poet.


That work was not meet for (human) understanding.
(Acting) on Marduk’s ingenious suggestions Ea created.



Thereupon Marduk divided the gods and assigned them to Anu, to abide by Ami’s instructions. Three hundred he stationed in heaven to do guard duty, and another three hundred were given tasks on earth. Thus the divine forces were organized and assigned to their appropriate tasks throughout the universe.

The gods are truly grateful for Marduk’s efforts. To express their gratitude, they take pick in hand for the last time and build him a city and temple with throne daises for each of the gods to use when they meet there for assembly. The first assembly is held on the occasion of the dedication of the temple. As usual, the gods first sit down to a banquet. Thereupon matters of state are discussed and decided, and then, when the current business has been disposed of, Anu rises to confirm Marduk’s position as king. He determines the eternal status of Marduk’s weapon, the bow; he determines the status of his throne; and, finally, he calls upon the assembled gods to confirm and determine Marduk’s own status, his functions in the universe, by recounting his fifty names, each expressing one aspect of his being, each defining one of his functions. With the catalogue of these names the poem comes to an end. The names summarize what Marduk is and what he signifies: the final victory over chaos and the establishing of the ordered, organized universe, the cosmic state of the Mesopotamians.

1. Latest translation: A. Heidel, The Babylonian Genesis, University of Chicago Press, 1951. See literature there quoted.

2. A Semitic language which had long been spoken side by side with Sumerian in Mesopotamia and which by the end of the third millennium B.C. completely superseded its rival and became the only language spoken in the country.

3. I.e., within Apsu, Mummu and Ti’amat



Pattern of Ionian Cosmogony


F. M. CORNFORD:

HISTORIES of philosophy and of natural science begin with the earliest Ionian system, initiated by Thales, rounded out by Anaximander, and somewhat simplified by Anaximenes. Every reader is struck by the rationalism which distinguishes it from mythical cosmogonies. This characteristic must certainly not be underrated. The Milesians brought into the world of common experience much that had previously lain beyond that world. It is difficult for us to recover the attitude of mind of a Hesiod towards his vision of the past. As he looked back in time from his own age and the life he dealt with every day, past the earlier ages—the heroic, the bronze, the silver, the golden—to the dominion of Cronos, to the elder gods and to the birth of these gods themselves from the mysterious marriage of Heaven and Earth, it must have seemed that the world became less and less like the familiar scene. The events—the marriage and birth of gods, the war of Olympians and Titans, the Prometheus legend—were not events of the same order as what happened in Boeotia in Hesiod’s day. We may get a similar impression by thinking of the Book of Genesis. As we follow the story from the Creation, through the series of mythical events which the Hebrews took over from Babylon, down to the call of Abraham, we seem to emerge gradually into the world we know, peopled with men like ourselves. So the past must have looked to everybody before the appearance of Ionian rationalism. It was an extraordinary feat to dissipate the haze of myth from the origins of the world and of life. The Milesian system pushed back to the very beginning of things the operation of processes as familiar and ordinary as a shower of rain. It made the formation of the world no longer a supernatural, but a natural event. Thanks to the Ionians, and to no one else, this has become the universal premiss of all modern science.

But there is something to be added on the other side. If we give up the idea that philosophy or science is a motherless Athena, an entirely new discipline breaking in from nowhere upon a culture hitherto dominated by poetical and mystical theologians, we shall see that the process of rationalization had been at work for some considerable time before Thales was born. We shall also take note of the re-emergence in the later systems of figures which our own science would dismiss as mythical—the Love and Strife of Empedocles and the ghost of a creator in the Nous of Anaxagoras. And when we look more closely at the Milesian scheme, it presents a number of features which cannot be attributed to rational inference based on an open-minded observation of facts.



From F. M. Cornford, Principium Sapientiae, Cambridge, 1952, Chapter XI. Reprinted with the kind permission of Cambridge University Press.



In the first place the Milesians proceed on certain tacit assumptions which it never occurs to them even to state, because they are taken over from poetical cosmogony…. The chief question they answer is: How did the present world-order, with the disposition of the great elemental masses and the heavenly bodies, come to exist as we now sec it? Here at once it is assumed that the world had a beginning in time. The Ionians also asserted that it would some day come to an end, and be superseded by another world. Now there is nothing in the appearance of Nature to suggest that the world-order is not eternal, as we may see from the fact that Aristotle could declare that it was; not to mention Heracleitus and Parmenides, who, from their opposite standpoints, denied that any cosmogony was possible.

With this assumption goes the equally unfounded dogma that the order arose by differentiation out of a simple state of things, at first conceived as a single living substance, later, by the pluraliste, as a primitive confusion in which ‘all things’, now separate, ‘were together’.

Next, the differentiation is apparently attributed to the inherent hostility of certain primary ‘opposites’—the Hot and the Cold, the Moist and the Dry—driving them apart. This hostility is personified by Heracleitus as War, the father of all things, and by Empedocles as the evil genius of Strife. In Anaximander the opposites prey upon one another and invade one another’s provinces in ‘unjust’ aggression.

There is also a contrary principle of attraction between unlikes or opposites drawing them together into reconciliation and harmony—the Love of Empedocles. In Anaximander’s scheme the hot and the cold, the moist and the dry, after they have been separated apart, interact and recombine. One of the consequences of this interaction is the birth of the first living creatures, when the heat of the sun warms the moist slime of earth.

If we now reduce these assumptions to a still more abstract scheme, we get the following:

(1) In the beginning there is a primal Unity, a state of indistinction or fusion in which factors that will later become distinct arc merged together.

(2) Out of this Unity emerge, by separation, pairs of opposite things or ‘powers’; the first being the hot and the cold, then the moist and the dry. This separating out finally leads to the disposition of the great elemental masses constituting the world-order, and the formation of the heavenly bodies.

(3) The Opposites interact or reunite, in meteoric phenomena and in the production of individual living things, plants and animals.

This formula, clothed in concrete terms, recurs in an Ionian system, evidently of the fifth century,1 summarized by Diodorus (1, 7, 1). It opens with the words:

At the original formation of the universe heaven and earth had one form ([image: Image]), their nature being mingled.

After that, when their bodies had taken up their stations apart from one another ([image: Image]), the world (κὸσμïϛ) embraced the whole order that is visible in it; the air was in continuous motion, and the fiery part of it ran together to the uppermost regions, its nature being buoyant because of its lightness. For this reason the sun and all the rest of the heavenly bodies were involved in the whole whirl; while the slimy and muddy part, together with the assembled moisture, established itself in one place by reason of its weight. The moisture was then collected to form the sea, and the more solid parts became soft muddy land.

The sun’s heat then acted on the moisture and produced bubble-like membranes, such as may now be seen formed in marshy places. Life was generated in these, fed at first by the surrounding mist at night, and in the day time solidified by the heat. Out of these membranes, when they burst, all sorts of living creatures sprang: birds, the creeping things of earth, and the fishes. Later, when the earth had become more solid, it could no longer give birth to the larger creatures, but all living things were generated by the union of the sexes.

A sketch of the early history of mankind and the rise of civilization follows. Diodorus then points out that the formula is succinctly stated by Melanippe the Wise in Euripides:

The story is not mine—I had it from my mother—how (1) Heaven and Earth were once one form, and (2) when they were separated apart from one another, (3) they gave birth to all things and brought them to light, trees and winged creatures, fishes, and mortal men.2

In the group of closely related Orphic theogonies, Gruppe3 saw

one central doctrine, which may best be summed up in the words in which it is ascribed to Orpheus’ pupil Musaios (Diog. L. prooem. 3): [image: Image].

‘Everything comes to be out of One and is resolved into One.’ At one time Phanes, at another Zeus contained the seeds of all being within his own body, and from this state of mixture in the One has emerged the whole of our manifold world, and all nature animate or inanimate. This central thought, that everything existed at first together in a confused mass, and that the process of creation was one of separation and division, with the corollary that the end of our era will be a return to the primitive confusion, has been repeated with varying degrees of mythological colouring in many religions and religious philosophies.

In Apollonius’ Argonautica (1,496) Orpheus sings ‘how (1) earth and heaven and sea were once joined together in one form, and (2) by deadly strife were separated each from the other’; how the heavenly bodies hold their fixed place in the sky, and the mountains and rivers were formed, and (3) ‘all creeping things came into being.’ Behind Apollonius is the tradition of the Orphic cosmogony parodied in the Birds of Aristophanes. There the primitive state of indistinction is called ‘Chaos and Night, black Erebus and Tartarus,’ before earth, air and sky existed. Night is the first principle of the Orphic cosmogony recorded by Eudemus; it is not mere absence of light, but dark, cold, moist air. Aristotle compares the Night from which the theologians generate the world with the ‘all things together’ of the physical philosophers and the Chaos of Hesiod.4 In the Birds Night produces the wind-born World-Egg from which is hatched out the winged Eros. (In Athenagoras’ version of the myth the upper half of the egg forms the Heaven, the lower the Earth.) The function of Eros, who appears between them, is to reunite the sundered parents in marriage. ‘There was no race of immortals till Eros united all in marriage.’5 Then Heaven, Ocean and Earth were born—the three great departments of the world—and all the generations of the blessed gods.

We may now turn back to Hesiod’s cosmogony, the one complete document of its kind which we can be certain was familiar to Anaximander.

First a word as to the type of poem to which Hesiod’s Theogony belongs. It announces itself in the prelude as, in the first place, a hymn to the Muses: ‘Let us begin our song with the Heliconian Muses, who hold the high and bold mount of Helicon.’ It was they who came to Hesiod, as he tended his sheep, and breathed into him the inspired song, that he might celebrate what has been and shall be and, before all else, the Muses themselves. But the song which they inspire, namely the theogony which follows the prelude, is itself a hymn, sung by the Muses in praise of Zeus, the Lord of the aegis, and the other Olympians, and the elder gods, and Dawn and Helios, Earth, Ocean and Night and all the sacred race of the immortals.6

The hymn is one of the oldest forms of poetry.7 In Greece the traditional metre is the hexameter, also appropriate to the oracle and to the epic. The hymn is in essence an incantation, inviting the presence of a god at the sacrifice and enhancing the efficiency of the ritual. Its effectiveness is increased by a recital of the history of the god and his exploits; hence it becomes biographical. Later, the use of the form is extended to heroes and to men; the famous deeds of the men of old are sung by the minstrel in the epic.8 At every stage genealogies form a more or less important part. They are a didactic element, preserving what is believed to be the pre-history of the race, and, in some cases, the actual ancestry of important families, which serves as a basis for legal claims to property.9 In Hesiod, the genealogies are designed to fit together into one pantheon a number of divinities, of very diverse origin, round the dominating figure of the European sky-god Zeus. The Theogony can thus be regarded as in the main a Hymn to Zeus, preceded by a short cosmogony. The Muses, ‘uttering their immortal voice, celebrate with their song (1) first the awful race of the gods from the beginning, the children of Earth and the broad Heaven, and the gods born of these, the givers of good things (Cosmogony). Next (2) in turn, both in the beginning and in the end of their song, they hymn Zeus, Father of gods and men, how he is most excellent of the gods and greatest in power’ (43 ff.). They will tell how the gods took possession of Olympus under the supreme kingship of Zeus, who apportioned to them their several provinces and honours (111-13).

For the present we must fix our attention on the brief cosmogony with which the story opens after the prelude. We shall find that it is built upon the same pattern as those we have been considering. It runs as follows:

First of all Chaos came into being, and next broad-bosomed Earth, for all things a seat unshaken for ever, and Eros, fairest among the immortal gods, who looses the limbs and subdues the thought and wise counsel of all gods and of all men.

From Chaos were born Erebus and black Night; and from Night in turn Bright Sky (Aether) and Day, whom Night conceived and bore in loving union with Erebus.

And Earth first gave birth to the starry Heaven, equal to herself, that he might cover her all round about, that there might be for the blessed gods a seat unshaken for ever.

And she bore the high Hills, the pleasant haunts of the goddess Nymphs who dwell in the wooded hills.

Also she bore the unharvested deep, with raging flood, the Sea (Pontos), without the sweet rites of love.

Here follows the marriage of Heaven and Earth. At this point a change comes over the story: Ouranos and Gaia become supernatural persons, who, with their children, the Titans, the Cyclopes, and the Giants, are involved in a series of biographical adventures. But in the cosmogony itself, which tells how the main divisions of the existing cosmos came into being—earth and the starry sky, the dry land and the sea—the veil of mythological language is so thin as to be quite transparent. Ouranos and Gaia are simply the sky and the earth that we see every day. Apart from the passing mention of the nymphs, the only mythological figure is Eros, and he is evidently no more than a bare personification of the love or attraction uniting in marriage all the parents who figure in the subsequent genealogies. Here, however, until we reach the marriage of Heaven and Earth at the end, the only birth which is (as a birth should be) the result of a marriage is the birth of light out of darkness; and even here the duplication of darkness into Erebus (male) and Night (female) and of light into Aether (male) and Day (female) is transparent allegory. The other births, or becomings—of Chaos, Earth, the Starry Heaven, the Hills, and the Sea—are ‘without the sweet rites of love’ ([image: Image], 132). This is a remarkable feature. It means that the cosmogonical process is a separating apart of the great departments of the ordered world, such as we have found in the Orphic and philosophical cosmogonies.

What, then, is the starting-point? ‘First of all Chaos came into being.’ In the modern mind the word Chaos has come to be associated with a primitive disorder in which, as the Ionian pluraliste said, ‘all things were together’. This is not the sense of the word in sixth- and fifth-century Greek. ‘Chaos’ meant the ‘yawning gap’,10 between the fiery heaven and the earth, which could be described as ‘empty’ or as occupied by the air. Hesiod himself uses it in this sense at Theog. 700, where, when the ordered world already exists, ‘chaos’ is filled with a prodigious heat in the battle of Zeus and the Titans ([image: Image]). It is so used by Ibycus, Bacchylides, Aristophanes and Euripides,11 in a way that shows it was familiar to their contemporaries. The later ancients falsely derived chaos from [image: Image], but remembered that it meant ‘the empty space between heaven and earth.’12 It is probable that in the sixth and fifth centuries the word chaos still carried its true etymological associations with [image: Image] ‘to gape,’ ‘yawn.’

Now, if cosmogony begins with the coming into being of a yawning gap between heaven and earth, this surely implies that previously, in accordance with Melanippe’s formula, ‘Heaven and Earth were once one form,’ and the first thing that happened was that they were ‘separated apart from one another.’ Hesiod can hardly have meant anything else. He does not say that Earth was born of Chaos, but that Earth came into being ‘thereafter’ ([image: Image]). The first distinct body was the earth, ‘broad-bosomed,’ probably conceived as a broad flat disk. We shall see later13 why the ‘starry Heaven’ (filled with the visible heavenly bodies) is said to have arisen afterwards, born from the Earth. Finally the separating process is completed, as in the cosmogonies we reviewed earlier, with the distinction of the dry land, raised up into hills and the sea.

When the gap has come into being, between the sundered opposites appears the figure of Eros, a transparent personification of the mutual attraction which is to reunite them. We have seen how Eros held the same place in the Orphic cosmogony. According to Pherekydes (frag. 3) Zeus, when about to fashion the world, was transformed into Eros, because (adds Proclus) he brought into agreement and love the opposites of which he was framing the cosmos.14

In the Milesian cosmogony this mythical personality disappears, but only to re-emerge in later systems which again avail themselves of the language of poetry. In the Symposium (178 A) Phaedrus argues that Eros is the eldest of the gods, for no writer in poetry or prose has spoken of his having any parents. He quotes Hesiod’s lines about Chaos, Earth and Eros, and cites Acusilaus as agreeing that after Chaos, Earth and Eros came into being. ‘And Parmenides says of his birth: “First of all the gods she devised Eros.”’ With this passage in mind, Aristotle remarks that one might suspect that the need for a moving cause was first felt by Hesiod and by ‘whoever else posited love or desire as a principle among things, for example Parmenides, on the ground that there must exist some cause which will move things and draw them together’ ([image: Image], Met. A4, 984b 23). The Love of Empedocles has the same function of uniting unlike or opposite elements. Aristotle was not slow to recognize the mythical or poetical antecedents of philosophic concepts. Opening his discussion of friendship, he recalls in the same breath Heracleitus’ declaration that the fairest harmony is composed of differing elements, and that all things come into being through strife, and Euripides’ lines describing how the parched Earth desires ([image: Image]) the rain, and the majestic Heaven, filled with rain, desires to fall upon the Earth.15 Euripides was imitating Aeschylus (Danaids, frag. 44): ‘Love moves the pure Heaven to wed the Earth; and Love takes hold on Earth to join in marriage. And the rain, dropping from the husband Heaven, impregnates Earth, and she brings forth for men pasture for flocks and corn, the life of man.’

These fragments, again, are imitated by Lucretius (II, 991 ff.) : ‘We are all sprung from a heavenly seed; all have that same father by whom mother Earth the giver of increase, when she has taken in from him liquid drops of moisture, conceives and bears goodly crops and joyous trees and the race of man, bears all kinds of brute beasts, in that she supplies food with which all feed their bodies and lead a pleasant life and continue their race; wherefore with good cause she has gotten the name of mother.’

We can now see why the Milesians identified the living stuff of the world with the intermediate element—water, cloud, mist (air)—between the fiery heaven and the solid Earth. They drop the language of poetical personification, substituting for Eros his physical equivalent or medium, the moisture which rises from earth under the sun’s heat and falls back in the rain, to fertilize the dry earth and enable it to produce living things. Anaximandcr dissipates the thin disguise of mythical imagery and keeps the indubitably natural factors—the hot and the cold, the moist and the dry, fire, water and earth. He thinks he has got hold of the real factors and processes which will furnish a prosaic and rational account of what goes on in the sky and of the origin of life. But the earlier history of these factors is revealed by comparison with the mythical cosmogonies, by their behaviour in the philosophic systems, and by the fact that they are used to explain everything in a way that innocent observation of Nature would never suggest. Even in Aristotle’s system the two primary pairs of opposites—hot and cold, wet and dry—remain as the basic qualities of which the four simple bodies are composed. All other differences, such as heaviness and lightness, density and rarity, roughness and smoothness, are secondary, ‘for it seems clear that these (the four primary qualities) are the causes of life and death, sleeping and waking, maturity and old age, health and disease; while no similar influence belongs to roughness, smoothness and the rest.’ A long history, stretching back into the mythical epoch, lies behind the statement that this reason for their primacy ‘seems clear.’

To return to Hesiod: a second consequence of the opening of the gap between Heaven and Earth is the birth of light out of darkness. Erebus and Night are the parents of Aether (the bright region of the sky) and Day. In the Orphic system Eros has another name, Phancs, the Bright One; and it is even suggested that the word Eros is primarily to be connected with a root meaning ‘light.’16 In physical terms the lifting up of the sky from the earth lets in the light of day where before there was darkness. We note that this appearance of light precedes the formation of the heavenly bodies. For the next event is that Earth gives birth to the starry Heaven.

The order of events in Anaximander’s scheme is closely parallel. We first heard of ‘a sphere of flame growing round the “air” (dark mist) encompassing the earth.’ Thus the earth wrapped in mist was the first solid body, as in Hesiod. Then, when the sphere of flame was torn off into rings the heavenly bodies were formed. The Heaven which was separated from the Earth when the gap came into being was not a heaven of stars. The stars, in both accounts, appear to be formed of fire rising from the Earth and afterwards fed by exhalations of the moist element. So Earth gave birth to the starry Heaven ‘that he might cover her all round about.’ In the last words we recognize that bright Aether on high, which Euripides spoke of as ‘holding Earth in the moist embrace of his arms’ and identified with Zeus. The Earth mother is to be embraced by her husband Heaven. When the dry land has been separated off from the seas, to complete the world order, this Marriage follows and the eldest gods are born. The whole mythical theogony which begins here has, of course, no place in the Ionian systems, for these ignore the personal gods. In natural philosophy the intercourse of heaven and earth, heat and moisture, results in the birth of plant and animal life.

It is exactly at this point, where the formation of the physical cosmos is complete, that a significant change comes over Hesiod’s story. The cosmogony we have reviewed is not a myth, or rather it is no longer a myth. It has advanced so far along the road of rationalization that only a very thin partition divides it from the early Ionian systems. Eros is the only mythological name, having no connexion here with religion or cult. Gaia and Ouranos are simply the earth and the sky, not mythical figures. But no sooner is the cosmos framed, to serve as a stage for the action which follows, than they arc transformed into supernatural persons, indulging human passions of jealousy and hate in those ‘violent deeds’ which caused so much scandal later to religious minds.

In wedlock with Ouranos, Gaia brought forth the Titans, of whom ‘the youngest, Kronos of crooked counsel, was the most terrible and hated his lusty father.’ At once we are plunged back into the world of myth, and the rest of Hesiod’s story moves in this supernatural atmosphere. Before we follow it further, we will pause to note a curiously close parallel, in another literature, to this sudden shift from rationalized cosmogony to myth.

The first three chapters of Genesis contain two alternative accounts of creation. The first account (Gen. i-ii. 3), in its present form, was composed not earlier than the exile; it is considerably later than Hesiod, and may even be later than Anaximander. In this Hebrew cosmogony, moreover, we find nearly the same sequence of events. Let us recall what happened on the six days of creation.

(1) ‘The earth was without form and void; and darkness was upon the face of the deep; and the spirit of God moved upon the face of the waters.’ Then light appeared, divided from the darkness, as Day from Night.

(So, when Hesiod’s gap opened, there was earth and the moving spirit of life, Eros; and then Night gave birth to Day.)

(2) The heaven, as a solid firmament ([image: Image]), is created as a roof to divide the heavenly waters, whence comes the rain, from the waters below.

(This corresponds to Hesiod’s Earth generating the starry Heaven as ‘an unshaken scat for the blessed gods.’ In later Ionian systems the solid crystalline sphere of heaven reappears, in place of Anaximander’s sphere of flame which burst into rings. It is the shell of the world-egg.)

(3) The dry land is separated from the seas, and clothed with grass and trees.

(In Hesiod, Earth generates the hills and Pontos (the sea). Note that Empedocles made the trees, the first living creatures, spring up from the earth ‘like embryos in the mother’s womb.’ before the sun existed, Vors.5 vol. 1, p. 296.)

(4) The sun, moon, and stars are created to divide day from night and to ‘be for signs and for seasons and for days and years.’

(As in the Greek cosmogonies, the heavenly bodies are formed later than the earth. Their function is to serve as ‘signs,’ both for purposes of divination and to mark the distinctions of time in the calendar. As Plato says, ‘the sight of day and night, of months and the revolving years, of equinox and solstice, has caused the invention of number and bestowed on us the notion of time,’ Timaeus 47A.)

(5) and (6). The waters brought forth the ‘moving creatures that have life,’ birds and fishes and all the beasts that creep on the earth; and finally man was made, both male and female, to be fruitful and multiply and to have dominion over all living things.

(Thus ‘creatures having life,’ distinguished from plants and trees by their power of motion, arose from the moist element, when the cosmic frame was complete. So it was in Anaximander, where the action of the sun’s heat on moisture reproduces in physical terms Hesiod’s marriage of Heaven and Earth.)

The most striking difference from the Greek cosmogonies is that Hebrew monotheism has retained the divine Creator as first cause. Otherwise there are no mythical personifications like Eros or Phanes. And the action of Elohim is limited to the utterance of the creative word. He has become extremely abstract and remote. If we eliminate the divine command, ‘Let there be’ so-and-so, leaving only the event commanded, ‘There was’ so-and-so, and then link these events in a chain of natural causation, the whole account becomes a quasi-scientific evolution of the cosmos. The process is the same as in the Greek cosmogonies—separation or differentiation out of a primitive confusion. As measured by the absence of personifications, Genesis i is less mythical than Hesiod, and even closer to the rationalized system of the Milesians.

The foregoing argument will perhaps have made clear the nature of Anaximander’s achievement. We can see that his thought was at work on a scheme of cosmogony already provided by Hesiod and other poetical cosmogonies. He took the final step in the process of rationalization, divesting the scheme of the last traces of mythical imagery. It was not for nothing that his book was one of the earliest written in prose, the proper language for literal statements of fact.

In particular the figure of Eros vanishes. This means the elimination of the imagery of sex, and with it goes the representation of cosmogony as a series of births forming a genealogical tree. He speaks in abstract terms of the Separating out of opposites,’ followed by their interaction and recombination. These opposites are the hot and the cold, the moist and the dry. Without the evidence of the mythical cosmogonies we could hardly guess that the primary Opposites’ were male and female, though, as we shall see, the tradition persisted elsewhere. What we claim to have established so far is that the pattern of Ionian cosmogony, for all its appearance of complete rationalism, is not a free construction of the intellect reasoning from direct observation of the existing world. There is nothing in the obvious appearances of Nature to suggest that the sky ever had to be lifted up from the earth, or that the heavenly bodies were formed after the earth, or indeed that the present order of the world has not existed for ever.
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The Development of the Pythagorean Ooctrine


THEODOR GOMPERZ:

VOLTAIRE1 called the later Pythagorean astronomy, connected with the name of Philolaus, a “Gallimathias,” and Sir George Corncwall Lewis2 indicts it as “wild and fanciful.” But the great French writer with his frequently over-hasty judgments and the Englishman with his excess of conscientiousness have fallen into the same mistake. It is true that the doctrine in question is a tissue of truth and invention, but its features of truth were its vital and fundamental parts, whereas the fictitious portions were merely a superficial covering which was soon to dissolve like smoke-wreaths. But if we are to understand the motives which inspired the cosmology of Philolaus, we must pause a moment at the commonest phenomena of the heavens.

Each day the sun runs his course from east to west. Simultaneously he climbs higher up the sky to sink at the end of a few months from the height he has reached. The combination of his daily and annual movements has the effect of the windings of a screw or spiral—something like the shell of a snail—and like it, too, the intervals between the circles contract as the zenith is approached. This view was hardly likely to satisfy inquirers who had approached the question of celestial motion in the confident belief that it was “simple, steady, and regular.”3 It may be permissible to blame this belief as a prejudice; but though it was in part a preconceived opinion, yet the closer observation of facts tended generally to confirm it. And even where such confirmation was wanting, the belief was of excellent use as a principle of research, just like the kindred assumption of a teleological purpose in the structure of organisms. It was possible to get rid of the confusing irregularity. For a complex movement may be irregular while the partial movements that compose it are regular. What was needed was an act of mental separation. And the clue was found by separating the daily movement of the sun from its annual movement. At this point our early philosophers had a brilliant flash of inspiration. They conceived the daily movement of the sun and moon, and indeed of all the whole starry heaven, as not real at all, but merely apparent. Their supposition that the earth was moving from west to east enabled them to dispense with the assumption that the sun, moon, planets, and fixed stars were moving in an opposite direction. The question suggests itself here, Did these Pythagoreans recognize and teach the rotation of the earth round its axis? Our answer is: They did not do that, but they did recognize and teach the existence of a movement which operated in a precisely similar manner. It was, so to say, the rotation round its axis of an earth-ball with a considerably enlarged circumference. They represented the earth as circulating in twenty-four hours round a central point, the nature of which will presently occupy us. Here, however, the reader should familiarize himself with a simple feature of this doctrine. A moment’s reflection will show him that, for any given point in the earth’s surface, and for its shifting relations with the sun, moon, and stars, it makes not the remotest difference whether the ball on which it is situated revolves on its axis in the course of a day, or describes a circular course, while facing the same directions, which brings it back to its starting-point in the same limit of time. We can hardly exaggerate the importance of this discovery. The revelation that there were apparent heavenly motions broke the barrier that obstructed the path to further progress. The central position of the earth and its immobility had both been given up, and the way was open for the Copernican doctrine which followed after an interval the extraordinary brevity of which is hardly sufficiently recognized. Nor need we be at all surprised that an equivalent for the theory of rotation was adopted instead of the theory. For though we never actually see a luminary turning on its axis, yet changes in its position are matters of daily and hourly observation. Nothing, then, could be more natural than that scientific imagination, which had just succeeded by a mighty effort in freeing itself from the delusions of sense, should have been content to replace the apparent immobility of the earth by a movement moulded on familiar models, and not by one unique in its kind and entirely without a parallel.



From Theodor Gomperz, Greek Thinkers, translated by Laurie Magnus, London, 1901, Volume I, Chapter IV.



The centre round which the earth was now admitted to move served equally as the centre of the rest of the luminaries, which had formerly been supposed to revolve round the earth. The moon accomplished its course once a month; the sun once a year; the five planets visible to the naked eye required various periods, which, with the exception of Mercury and Venus, were considerably longer; finally, the firmament of fixed stars, whose daily rotation4 had been recognized as apparent, was similarly equipped with a circular movement of its own, though of a very much slower order—a conception which may either have been due to the mere desire for conformity, but which is far more probably to be ascribed to that change of position already observed and taken in account which we call the precession of the equinoxes. The daily movement of the sun—or rather, according to this theory, of the earth—took place in a plane which was now recognized to incline towards the plane in which the annual movements of the sun, moon, and planets were situated; in other words, the obliquity, whether of the equator or of the ecliptic, had been recognized, and the new conception was thus completely adequate to explain the changes of the seasons.

We come now to the problem of the central point round which the heavenly bodies were to move in concentric circles. It was no ideal centre, but rather an actual body, consisting of universal or central fire. The enemies of Philolaus call it “a dreary and fantastic fiction,” but those who try to throw themselves with temperate judgment into the modes of thought obtaining in the dawn of science will rather call it “the product of analogical inferences, the force of which must have been well-nigh irresistible.” The assumption that the heavenly bodies described circles was not merely approximately true, but apart from the circular segments traversed by the sun and moon on the firmament, it appeared that no other conclusion could be derived from the circular courses described before our eyes by the circumpolar fixed stars that never set; and though that movement, like the movement of the whole firmament of fixed stars, had now been recognized as purely apparent, yet the daily motion of the earth that took its place was bound to have the same circular character. Here, accordingly, the type was given, conformably with which all the heavenly bodies had to move. But human experience supplies no example of circular movements without an actual centre. A wheel turns on its axis; a stone, attached to a string for the purpose of slinging, turns round the hand which holds it and which sets it in motion; and, finally, when divine worship invited Greek men and women to the dance, the altar of the god formed the centre of their solemn and rhythmic paces. It may be asked, however, what need there was of inventing a central fire, when it actually existed and was visible to every man’s eye. What was wanted was a centre of motion and a source of vigour and life. But instead of accrediting the universal light of the sun with the rank that belonged to it, a luminous body was invented whose rays no mortal eye had seen, and, considering that the habitable side of the earth was turned away from the central fire, no mortal eye would ever see. It was an hypothesis removed by a perverse ingenuity from every chance of verification, and one wonders why its mistaken authors did not rather jump straight away at the heliocentric doctrine, and rest satisfied therewith.

Three sufficiently valid solutions may be suggested for this problem. Remembering that the delusions of sense are only abandoned by degrees, and that the human mind habitually follows the path of least resistance, we have first to note that the heliocentric theory was bound to be later than that of rotation round an axis. It was obviously impossible to let the earth revolve round the sun in a daily and yearly course simultaneously, and we have already learned to justify the precedence of the Pythagorean equivalent over the rotation theory. A second considerable obstacle to the prompt admission of a heliocentric or Copernican astronomy lay, we conceive, in the exact similarity between the sun and moon. The great luminary of day and his more modest sister of the night were visible to men as two heavenly bodies regularly relieving each other and combining to measure time by their revolutions, and it was plainly impossible that, except by a process of elimination, shutting out every other issue, men would ever be brought to believe that luminaries so closely connected differed in the fundamental point that the moon was condemned to ceaseless wandering while the sun was vowed to eternal rest. But, thirdly and chiefly, universal fire was more satisfactory as the centre of the world than the sun. Our sun is the central point of a system of luminaries by the side of which countless other systems exist without visible design or recognizable order. Human intelligence resists this belief, as it resists every other call to renunciation, till the compulsion of fact leaves it no second alternative. But first it demands a uniform picture of the world instead of a fragmentary view of this kind, and the demand springs from the natural impulse towards lightening and simplifying the intellectual complexus—an impulse assisted in the present instance, indeed, by highly developed aesthetic and religious wants.

It will be readily admitted that this picture of the universe owed no little to the contribution of the emotions and the fancy. The circular course of the divine luminaries which had been raised by the fictitious counter-earth to the sacred number ten was described as a “dance.” The rhythm of this starry dance was set to the sounds arising from the motion itself, and making unceasing music, which was recognized and known as the “harmony of the spheres.” Next, the universal fire, which was the central point of the celestial procession, was known by many names. It was called the “mother of the gods,” the “citadel of Zeus,”5 and so forth, but two of its titles may be mentioned as especially characteristic. These were the “altar” and the “hearth of the universe.” These stars revolved round the sacred source of all life and motion like worshippers round an altar, and the universal hearth was the centre of the world or cosmos as a man’s domestic hearth was honoured as the sacred centre of his home, or as the flame that burned and was never extinguished in the civic hearth of the Prytaneum formed the holy rallying-point of every Greek community. Hence streamed the rays of light and heat, hence the sun derived his beams and communicated them again to both earths and to the moon, just as the mother of the bride lighted at a Greek wedding the fire of the new home from the parental hearth, or as a new colony would borrow its fire from the hearth of the mother-city. All the threads of the Greek view of life are combined here. We see the exalted joy in existence, the loving awe for the universe ruled by divine forces, the sublime sense of beauty, symmetry, and harmony, and not least the comfortable affection for civic and domestic peace. Those, then, who held these views, and whose universe was surrounded by the fire-circle of Olympus as by a strong wall, found in it their home, their sanctuary, and the type of their art. Nowhere else do we find a picture of the universe at once so genial and so sublime.

The emotional faculties, then, were satisfied in a truly wonderful degree, though at the cost of the intellect. We have now to estimate the price which reason had to pay, and which will be found to have been by no means exorbitant. Even the “dreams of the Pythagoreans” contained a modicum of truth; or, where that modicum was wanting, there was at least an indication given of the road which would ultimately lead to truth. At first sight, for instance, no doctrine could appear more arbitrary than that of the harmony of the spheres. It obviously sprang in the last resort from an aesthetic demand which was formulated as follows: Our eyes are filled with the grandest sights; how is it, then, that the twin sense of our ears should go empty? But the premise on which the answer rested was not wholly unreasonable. For unless the space in which the stars revolve is completely void, the matter that fills it must undergo vibrations which in themselves arc capable of being heard. Even in recent times, no meaner philosopher than Karl Ernst von Baer,6 the great founder of embryology, has asked if there is not “perhaps a murmur in universal space, a harmony of the spheres, audible to quite other ears than ours.” Now, it was objected to the Pythagoreans that we do not actually hear such sounds; but they deprecated the astonishment of the cavillers by the following happy analogy. A blacksmith, they said, is deaf to the continuous, regular beat of the hammers in his workshop; and herein they anticipated the teaching of Thomas Hobbes, who argued that the operation of the senses depends on a change in the stimuli; the stimulation must be interrupted, or altered in degree or kind. There was nothing fanciful in the Pythagorean doctrine except only the belief that the differences of velocity in the movements of the stars were capable of producing a harmonious orchestration and not merely sounds of varying pitch. At this point their artistic imagination had a freer rein, inasmuch as they were completely unable to determine the relative distances of the planets and the absolute velocities that ensued from them, though they could arrive, approximately at least, at the circular segments which the planets described in a given time—in other words, at the angular velocities of their movements.
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The System of Philolaus

Upper figure: Night on Earth. Only the side turned away from the centre is inhabited; consequently the Central Fire and Antichthon (counter-Earth) are invisible.

Lower figure: Twelve hours later; Day on Earth. Earth has made half a revolution, and her outer side is now lighted by the sun, which has only moved about half a degree forward in its yearly orbit. Antichthon has also made half a revolution, therefore remains invisible.

(From Dante ana the Early Astronomers, M. A. Orr (Mrs. John Evershed), 1913.)

But here, too, we shall presently find ourselves ready to mitigate our judgment. We have to remember that the premise of law and order, as pervading the universe, could hardly have been applied by the Pythagoreans to any other relations than those of geometry, arithmetic, and music—the last named because of the importance of acoustics in their natural philosophy. Simplicity, symmetry, and harmony were ascribed indifferently to all three. They neither knew nor divined anything of the forces which produce celestial movements, so that, even had they been acquainted with the elliptic orbits of the planets, that knowledge, we may remark, would never have satisfied their demand for order. They would not have recognized the curve as the resultant of two rectilinear forces. Their heaven, says Aristotle,7 “is all number and harmony,” and we may add that a correct intuition of the highest significance was still clothed in unsuitable shape. The seekers were incapable of discovering law where it was really in operation, and it was anyhow better to look for it where it did not exist than not to look for it at all. Further, the assumption that the sun shines with borrowed light may be traced in the main to the parallelism between the sun and the moon which we mentioned just now. Moreover, the homogeneous conception of the universe might conceivably have suffered if a second independent source of light had been assumed so near the centre of the world. But since they could not altogether dispense with such an assumption, they found it in the Olympus alluded to above as the girdle of the universe, containing all the elements in their unsullied beauty. The firmament of fixed stars, and possibly the planets, derived all their light from Olympus, and the sun borrowed a part of his from the same source, to make amends, we presume, for his otherwise too frequent obscurations. The porous and glass-like qualities of the sun, which enabled it to collect the rays of light and to emit them again, should be noted in this connection. Next we come to the second great fiction of the Pythagoreans—that of the counter-earth. We may readily follow Aristotle in believing that the sacredness of the number ten played a part in this conception. But the introduction of a new luminary and its insertion between the earth and the central fire had many important consequences, and there is no reason to doubt that this fiction of the counter-earth was recommended to its inventors as much for the sake of its results as for the reason alleged by the Stagirite. The lacunas in the information at our disposal do not permit us to pass definite judgment; but Boeckh’s opinion that the counter-earth was to act as a screen of the central fire, so as to explain its invisibility, is certainly defective. For the supposition that the uninhabited western hemisphere of the earth was turned towards the fire was a quite sufficient explanation. It is more probable that the counter-earth was invented partly as an ostensible cause for the eclipses of the moon which, occurred so frequently8 as to seem to require the shadow of the counter-earth in addition to the shadow of the earth.

The facts of history, however, are more eloquent than all the arguments. Historically considered, the theory of central fire promoted and did not retard the progress of scientific research. In less than a century and a half it engendered the heliocentric doctrine. The fantastic excrescences of the Philolaic system fell away piece by piece. The counter-earth was the first to go: the death-blow was struck at this fiction by the extension of the geographical horizon.9 The foundations of the hypothetical structure built by the Pythagoreans began to give way in the fourth century at latest. At that time exacter news reached Greece of discoveries in the west and in the east. Hanno, the Carthaginian, had made his great voyage of discovery, and had passed the barrier of the Pillars of Hercules, where the Straits of Gibraltar now are, which had ranked till then as the furthest limit of the Western world; and shortly afterwards the outline of the East was more clearly defined by Alexander’s march in India. A coign of observation had been reached from which the counter-earth should have been visible, and since neither the counterearth nor the central fire, thus robbed of its last protection, came in view at that point, this portion of the Pythagorean cosmology was spontaneously shattered. Nor was this all: the daily circular movement of the earth disappeared with the fictitious centre that conditioned it, and the doctrine of rotation took the place of the theory we have described as its equivalent. Ecphantus, one of the youngest of the Pythagoreans, taught that the earth turned on its own axis. The second step on the road to the heliocentric doctrine followed swiftly on the first. The marked increase in luminosity which the planets occasionally display was first noticed in Mercury and Venus, and the true cause of the phenomenon suggested itself inevitably as the occasional closer propinquity of these wandering stars to the earth. Thus it was clearly impossible that they could revolve concentrically round the earth. These two nearest neighbours of the sun had plainly confessed their dependence on that luminary by the revolution they respectively accomplished in the course of a solar year. Accordingly they were the first of the planets whose movements were combined with the sun’s. This was the masterly discovery of Heraclides of Hcraclia10 on the Black Sea, a man whose powerful genius, contained in a misshapen body, was familiar with the most diverse regions of science and literature, who had visited the schools of Plato and Aristotle, and had kept up a lively intercourse with the latest Pythagoreans. But here, again, there was no finality. Mars likewise displayed a conspicuous change in his degree of brightness even to the incomplete observation which obtained in that age, and thus a link was forged to unite the two inner planets with one at least of the outer ones. Philosophy was approaching the point of view reached in later times by Tycho de Brahe, who represented all the planets with the exception of the earth as revolving round the sun, while the sun with his train of planets revolved round the earth. The last and final step was taken by Aristarchus of Samos, the Copernicus of antiquity, about 280 B.C., who completed what the astronomer from the Pontus, to whom allusion has just been made, had less definitely begun. Eudoxus had given the clue to this great intellectual achievement by his discovery that the size of the sun is considerably greater than the earth’s. Aristarchus computed their relative proportion at seven to one; and inadequate as this estimate was in comparison with the actual fact, it was sufficient to expose the absurdity of setting the great ball of fire to revolve like a satellite round the small world that we inhabit. The earth had to lay down the sceptre which had recently been restored to it; heliocentricity superseded geocentricity, and the goal was reached for which Pythagoras and his disciples had smoothed and pointed the way. As things turned out, however, it was soon to be abandoned igain, and its place to be taken for another long series of centuries by the immemorial delusions fostered in the name of religion.

1. Voltaire, Oeuvres Complètes, edited by Baudouin, Vol. 58, p. 249.

2. Sir George Cornewall Lewis, An Historical Survey of the Astronomy of the Ancients, p. 189. The material here employed is for the main part collected in the epoch-making treatise of Schiaparelli (I Precursor! di Copernico Nell’ Antichita). We are considerably indebted, too, to the rich contents of this and of a second masterly work by the same author, Le sfere omocentriche, etc., Milan, 1876. The first to shed light on this confusion was Boeckh, in his Philolaos des Pythagoreers Lehren. In another connection we shall have to deal with the personality of this Pythagorean, and with the other doctrines that may with greater certainty be attributed to him.

3. “Simple, steady, and regular;” cf. Geminus, in Simplicius, Phys., 292, 26, 27 D.

4. We arc of opinion that Schiaparelli errs in disputing the movement of the firmament of fixed stars in the Philolaic system, I Precursors di Copernico, etc. (separate edition), p. 7. For then we should have to credit our authorities, above all Aristotle, who speaks of ten heavenly bodies in motion (Metaphys., i. 5), with a hardly conceivable mistake. It is, further, contrary to the strongly marked sense of symmetry shown by the Pythagoreans, that they should ascribe immobility solely to the firmament of the fixed stars. It is true they could no longer believe in the daily movement of this firmament, since it had been superseded by the movement of the earth. “What then remains,” asks Böckh, op. cit., 118, “but to assume that the movement of the firmament of the fixed stars is the precession of the equinoxes?” Later, Böckh renounced this opinion (Manetho und die Hundssternperiode, 54); still later he returned to it, though with hesitation (Das Kosmische System des Platon, 95). In this we unconditionally agree with him, chiefly on account of the following consideration. The precession of the equinoxes is a phenomenon which, as Martin justly remarks (Etudes sur le Timée de Platon, ii. 38), “requires only long and steady observations without any mathematical theory, in order to be recognized.” It is in itself hardly credible that a deviation in the position of the luminaries, which in the course of a single year amounts to more than fifty seconds of an arc, could remain unnoticed for long. It becomes quite incredible on the following consideration, to which an expert authority, Dr. Robert Probe, of the Vienna Observatory, has directed my attention. The data derived from Philolaus or other early Pythagoreans for the angular velocities of the planetary movements are approximately correct. Only prolonged observations of the stars could have made them so, since there was no other means of eliminating the grossest of the errors then inevitable to observation.

5. Cf. Stobzus, Eclogues, 1. 22 (1. 196 Wachsmuth)= Ætius in Doxogr., 336, 337. It has been conjectured on the best grounds that the torch which the bride’s mother waved at the marriage ceremony was “kindled at the parental hearth” (cf. Herman-Blümner, Griech. Privataltertümer, 275, n. 1: “Hence [image: Image], Iambl., Vit. Pythagor., c, 18, § 84”). It seems an almost unavoidable assumption that the new hearth was kindled with the same torch, especially in view of the similar custom obtaining at the foundation of colonies. For this last ceremony, cf. Herodotus, i. 146; Scholiast to Arislides, iii. p. 48, 8 Dindorf; Etymol Magn., p. 694, 28 Gaisford.

6. Karl Ernst von Baer: Reden … und Kleinere Aufsätzen, St. Petersburg, 1864, i. 264. On the harmony of the spheres and the reason why it is inaudible, cf. especially Aristotle, De Coelo, ii. 9.

7. Aristotle, Metaphys., i. 5.

8. “Eclipses of the moon, which occurred so frequently.” As a matter of fact, eclipses of the sun are more frequent; thus in the period of rime comprised in Oppolzer’s Canon der Finsternisse there are 8000 eclipses of the sun against 5200 of the moon. At every single point of the earth, however, very many more of the latter than of the former are visible.

9. “Extension of the geographical horizon:” On Hanno’s Periplus and the influence of that voyage of discovery on the transformation of the doctrine of a central fire, cf. Schiaparclli, I Precursors, etc. (separate edition), p. 25, and H. Berger, Wissenschaftliche Erdkunde, ii, 387.

10. Heraclides: cf. chiefly Lacrt. Diog., v. eh. 6. The view taken in the text of Heraclides as the immediate precursor of Aristarchus, is based on the account by Geminus, in Simplicius, Phys., 292, 20 ff. D.—a passage not without its difficulties. After the most ample consideration, I find myself compelled to dissent from Diels’ view of the passage (Uber das physik. System des Straton, in the Berliner Sitzungs-Berichte, 1893, p. 18, n. 1). Either the passage must be emended, precisely or similarly as Bergk proposed (Fünf Abhandlungen zur Gesch. der griech. Philos, u. Astronomie, 149), or the words [image: Image] must be taken as inserted by a (well-informed) reader. The evidence for the progress of astronomy described in the text, and likewise the explanation of that progress, are given by Schiaparelli, op. cit. The doctrine of Aristarchus was mentioned by Copernicus, in a passage which he afterwards suppressed: “Credibile est hisce similibusque causis Philolaum mobilitatem teme sensisse, quod etlam nonnulli Aristarchum Samium fcrunt in eadem fuisse sententia,” etc. (De Revolut. Coelest., ed. Thorun., 1873, p. 34 n.).



The Nature of the Universe


LUCRETIUS:

MOTHER OF AENEAS and his race, delight of men and gods, life-giving Venus, it is your doing that under the wheeling constellations of the sky all nature teems with life, both the sea that buoys up our ships and the earth that yields our food. Through you all living creatures are conceived and come forth to look upon the sunlight. Before you the winds flee, and at your coming the clouds forsake the sky. For you the inventive earth flings up sweet flowers. For you the ocean levels laugh, the sky is calmed and glows with diffused radiance. When first the day puts on the aspect of spring, when in all its force the fertilizing breath of Zephyr is unleashed, then, great goddess, the birds of air give the first intimation of your entry; for yours is the power that has pierced them to the heart. Next the cattle run wild, frisk through the lush pastures and swim the swift-flowing streams. Spell-bound by your charm, they follow your lead with fierce desire. So throughout seas and uplands, rushing torrents, verdurous meadows and the leafy shelters of the birds, into the breasts of one and all you instil alluring love, so that with passionate longing they reproduce their several breeds.

Since you alone are the guiding power of the universe and without you nothing emerges into the shining sunlit world to grow in joy and loveliness, yours is the partnership I seek in striving to compose these lines On the Nature of the Universe for my noble Memmius. For him, great goddess, you have willed outstanding excellence in every field and everlasting fame. For his sake, therefore, endow my verse with everlasting charm.

Meanwhile, grant that this brutal business of war by sea and land may everywhere be lulled to rest. For you alone have power to bestow on mortals the blessing of quiet peace. In your bosom Mars himself, supreme commander in this brutal business, flings himself down at times, laid low by the irremediable wound of love. Gazing upward, his neck a prostrate column, he fixes hungry eyes on you, great goddess, and gluts them with love. As he lies outstretched, his breath hangs upon your lips. Stoop, then, goddess most glorious, and enfold him at rest in your hallowed bosom and whisper with those lips sweet words of prayer, beseeching for the people of Rome untroubled peace. In this evil hour of my country’s history, I cannot pursue my task with a mind at ease, as an illustrious scion of the house of Memmius cannot at such a crisis withhold his service from the common weal.



From The Nature of the Universe by Lucretius, translated by R. E. Latham, Penguin Books, 1951, pp. 27-45, 55-59, 90-95. Reprinted by kind permission of the publishers, Penguin Books, Ltd.



For what is to follow, my Memmius, lay aside your cares and lend undistracted ears and an attentive mind to true reason. Do not scornfully reject, before you have understood them, the gifts I have marshalled for you with zealous devotion. I will set out to discourse to you on the ultimate realities of heaven and the gods. I will reveal those atoms from which nature creates all things and increases and feeds them and into which, when they perish, nature again resolves them. To these in my discourse I commonly give such names as the ‘raw material,’ or ‘generative bodies’ or ‘seeds’ of things. Or I may call them ‘primary particles,’ because they come first and everything else is composed of them.

When human life lay grovelling in all men’s sight, crushed to the earth under the dead weight of superstition whose grim features loured menacingly upon mortals from the four quarters of the sky, a man of Greece was first to raise mortal eyes in defiance, first to stand erect and brave the challenge. Fables of the gods did not crush him, nor the lightning flash and the growling menace of the sky. Rather, they quickened his manhood, so that he, first of all men, longed to smash the constraining locks of nature’s doors. The vital vigour of his mind prevailed. He ventured far out beyond the flaming ramparts of the world and voyaged in mind throughout infinity. Returning victorious, he proclaimed to us what can be and what cannot: how a limit is fixed to the power of everything and an immovable frontier post. Therefore superstition in its turn lies crushed beneath his feet, and we by his triumph are lifted level with the skies.

One thing that worries me is the fear that you may fancy yourself embarking on an impious course, setting your feet on the path of sin. Far from it. More often it is this very superstition that is the mother of sinful and impious deeds. Remember how at Aulis the altar of the Virgin Goddess was foully stained with the blood of Iphigeneia by the leaders of the Greeks, the patterns of chivalry. The headband was bound about her virgin tresses and hung down evenly over both her cheeks. Suddenly she caught sight of her father standing sadly in front of the altar, the attendants beside him hiding the knife and her people bursting into tears when they saw her. Struck dumb with terror, she sank on her knees to the ground. Poor girl, at such a moment it did not help her that she had been first to give the name of father to a king. Raised by the hands of men, she was led trembling to the altar. Not for her the sacrament of marriage and the loud chant of Hymen. It was her fate in the very hour of marriage to fall a sinless victim to a sinful rite, slaughtered to her greater grief by a father’s hand, so that a fleet might sail under happy auspices. Such are the heights of wickedness to which men are driven by superstition.

You yourself, if you surrender your judgment at any time to the bloodcurdling declamations of the prophets, will want to desert our ranks. Only think what phantoms they can conjure up to overturn the tenor of your life and wreck your happiness with fear. And not without cause. For, if men saw that a term was set to their troubles, they would find strength in some way to withstand the hocus-pocus and intimidations of the prophets. As it is, they have no power of resistance, because they are haunted by the fear of eternal punishment after death. They know nothing of the nature of the spirit. Is it born, or is it implanted in us at birth? Does it perish with us, dissolved by death, or does it visit the murky depths and dreary sloughs of Hades? Or is it transplanted by divine power into other creatures, as described in the poems of our own Ennius, who first gathered on the delectable slopes of Helicon an evergreen garland destined to win renown among the nations of Italy? Ennius indeed in his immortal verses proclaims that there is also a Hell, which is peopled not by our actual spirits or bodies but only by shadowy images, ghastly pale. It is from this realm that he pictures the ghost of Homer, of unfading memory, as appearing to him, shedding salt tears and revealing the nature of the universe.

I must therefore give an account of celestial phenomena, explaining the movements of sun and moon and also the forces that determine events on earth. Next, and no less important, we must look with keen insight into the makeup of spirit and mind: we must consider those alarming phantasms that strike upon our minds when they are awake but disordered by sickness, or when they are buried in slumber, so that we seem to see and hear before us men whose dead bones lie in the embraces of earth.

I am well aware that it is not easy to elucidate in Latin verse the obscure discoveries of the Greeks. The poverty of our language and the novelty of the theme compel me often to coin new words for the purpose. But your merit and the joy I hope to derive from our delightful friendship encourage me to face any task however hard. This it is that leads me to stay awake through the quiet of the night, studying how by choice of words and the poet’s art I can display before your mind a clear light by which you can gaze into the heart of hidden things.

This dread and darkness of the mind cannot be dispelled by the sunbeams, the shining shafts of day, but only by an understanding of the outward form and inner workings of nature. In tackling this theme, our starting-point will be this principle: Nothing can ever be created by divine power out of nothing. The reason why all mortals are so gripped by fear is that they see all sorts of things happening on the earth and in the sky with no discernible cause, and these they attribute to the will of a god. Accordingly, when we have seen that nothing can be created out of nothing, we shall then have a clearer picture of the path ahead, the problem of how things arc created and occasioned without the aid of the gods.

First then, if things were made out of nothing, any species could spring from any source and nothing would require seed. Men could arise from the sea and scaly fish from the earth, and birds could be hatched out of the sky. Cattle and other domestic animals and every kind of wild beast, multiplying indiscriminately, would occupy cultivated and waste lands alike. The same fruits would not grow constantly on the same trees, but they would keep changing: any tree might bear any fruit. If each species were not composed of its own generative bodies, why should each be born always of the same kind of mother? Actually, since each is formed out of specific seeds, it is born and emerges into the sunlit world only from a place where there exists the right material, the right kind of atoms. This is why everything cannot be born of everything, but a specific power of generation inheres in specific objects.

Again, why do we see roses appear in spring, grain in summer’s heat, grapes under the spell of autumn? Surely, because it is only after specific seeds have drifted together at their own proper time that every created thing stands revealed, when the season is favourable and the life-giving earth can safely deliver delicate growths into the sunlit world. If they were made out of nothing, they would spring up suddenly after varying lapses of time and at abnormal seasons, since there would of course be no primary bodies which could be prevented by the harshness of the season from entering into generative unions. Similarly, in order that things might grow, there would be no need of any lapse of time for the accumulation of seed. Tiny tots would turn suddenly into grown men, and trees would shoot up spontaneously out of the earth. But it is obvious that none of these things happens, since everything grows gradually, as is natural, from a specific seed and retains its specific character. It is a fair inference that each is increased and nourished by its own raw material.

Here is a further point. Without seasonable showers the earth cannot send up gladdening growths. Lacking food, animals cannot reproduce their kind or sustain life. This points to the conclusion that many elements are common to many things, as letters are to words, rather than to the theory that anything can come into existence without atoms.

Or again, why has not nature been able to produce men on such a scale that they could ford the ocean on foot or demolish high mountains with their hands or prolong their lives over many generations? Surely, because each thing requires for its birth a particular material which determines what can be produced. It must therefore be admitted that nothing can be made out of nothing, because everything must be generated from a seed before it can emerge into the unresisting air.

Lastly, we see that tilled plots are superior to untilled, and their fruits are improved by cultivation. This is because the earth contains certain atoms which we rouse to productivity by turning the fruitful clods with the ploughshare and stirring up the soil. But for these, you would see great improvements arising spontaneously without any aid from our labours.

The second great principle is this: nature resolves everything into its component atoms and never reduces anything to nothing. If anything were perishable in all its parts, anything might perish all of a sudden and vanish from sight. There would be no need of any force to separate its parts and loosen their links. In actual fact, since everything is composed of indestructible seeds, nature obviously does not allow anything to perish till it has encountered a force that shatters it with a blow or creeps into chinks and cloudunknits it.
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