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PREFACE

Tris translation was begun shortly before the war,
laid aside m 1940, and finally completed in Angust
1948. I have added, m proof stage, some references
to publications sinee that date, but have not been
able ta use them in detail. I have acknowledged m
the appropriate places help that has genercusly been
given to me, but I should hike te record here in
particular my gratitude to Professor Fobes for per-
mission o use his text and index, and my sense of
indebtedness to ¥, W Webster’s version m the
Oxford Translation.

H.D.P L.

Crirror Cornrsae
September 1951
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INTRODUCTION =

Trre Meteorologica falls 1nto two well-defined parts,
Books [-IIF and Book 1V. The first three books form
a complete work by themsclves. The programme set
outin Beok I ch 1 contains nothing that can plausibly
be saidgto look forward to Book I'V and appears tohave
been completed by the end of Book III,% and the last
chapter of Book I1I looks forward to a treatment of
metals and minerals, which Book IV does not contain.
Book [V 1z in fact a separate treatise, as had already
been poticed by the Greek commentateors.¢ The two
parts of the work may therefore be treated separately
1n this Introduction,

A, Booxs [-11F

1. Awthenticity and place. The authenteity of these
books has not been senously questioned, and there
seems no reason to doubt that they are by Aristotle.®

¢ 1 am grateful to Prof, Hackforth for reading thyy Intro-
duefion in manuscript and for_his comments.

b See intioductory note to Book 1. eh. t of. W. Capelle,
“ Das Proomiur der Meteorologie,” Flermes xbvhi (1912), pp.
514-5%5

* Alev, 179, 3, Olymyp, 278, 21,

¢ W, Capelle, loe. cit , argues cogently for the anthentiony
of Book I. ch I, and, by imphestion, of Books [-1If. (Y
also Ydeler: pp. vi £, St.-Hilane pp. kv .
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INTRODUCTION

Thesr place in the series of his physieal works i de-
fined 1 the opemng chapter of Book I There Ans-
totle grves, in effect, the following arvangement : (1)
The Physics, deabng with first causes and natural
movement in general ; (2} the De Coelo i and i1, deal-
ing with astronomy ; (8) De Cuele iii and 1v and De
Generatione et Corsuptione, dealng with the four
elements, their mutual transformations and the
general principles of the consequent processes of
generation and destraction ; (4) the Mrieorologien ;
{5} the works on bhiology.

2, Contents. The subjects dealt with in Books I-1IT
appear to us very miscellaneous. They are sum-
marized by Aristotle in Book I, el 1, but can perbaps
best be seen at a glance in chapter headings.

Booez L Ch. 1. Inixoduction. the place of
Meteorelogy in the Natural
Sciences and summary of
matters to be dealt wilh.

Chs. 2-8 Prelivunaries. Ch. 2. Beeapitu-
lation of the conclusions
reached on the four elements
m De Caelo s, iv and De Gen.
et Corr.

Ch. 8. The re-
lative dispositions of air and
five 1 the terrestrial sphere.

Ch. 4. Shocting stars.
Ch. 5. The Aurora Borealis.

Chs. 8-7. Comets,

Ch. 8. The Milky Way.

Ch, 9. Rain, clound and mist,
Ch. 10. Dew and hoar-frost.
Ch. 11, Snow.
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Ch 12. Hail.
Ch. 13, Winds, rivers and sprngs.
Ch, 14 Chmatzc changes, coast erosion
and siting.
Boox 1I.  Chs. 1-3, The sea; s origin, place and
saliness.
Chs. 48, Winds.
Chs. 7-8. Barthquakes.
Ch. 8. Thunder and lightning,
Book III.  Ch. 1. Hurricanes, typhoons, firewinds
and thonderbolts.
Chs. 2.3, Haloes,
Chs. 4-5. Rainbows.
Ch. 6 Rods and mock suns: eoncluding
remarks.

It will be seen st once that we have here subjects
dealt with to-day by several sciences, by astronomy,
geography, geology and selsmology, as well as meteoro-
logy m its modern connotation  But this is typical
of a stage in the development of the natmal sciences
in which they had not yet fully differentiated out
from an all-embracing Natura( Philosophy. The
process of differentiation was largely started by Aris-
totle, and Book I, ch. I shows us how far he had tsken
it. He places the Meleorologica, whose subject he
himself seems to feel to be somewhat ill-defined, after
the De Caelo #i and 1v and De Gen. et Corr, In the
De Cazlo Books I-II he deals with astronomy and
cosmelogy. He believes the universe to be spherical
in form, and accepts the system of Eudoxus which
accounts for the movements of the stars and planets
by a system of concentric spheres, fitting inside sach
other, whose combined motions produce the apparent
movements of the heavenly bodies. This system of

xi



INTRODUCTION

spheves is not desembed in detail in the De Caels,

cugh it is apparently assumed (Book II. ch. 12,
263 a 5 f£.) ; the only descxiption of it which we hate
is that m Met. A, ch. 8. The spheres are made of a
fifth element {¢f. Metzor. 1. 2) and the innermost set
of spheres is that of the moon. The regron below the
moon, the “ terrestrial 7' or “ sublunar * sphere. 1s
filled by the four elements, earth, aiv, fire and water.
They form fonx further concentrie spheres, each
element having its own natural place, bat there is
a constant process of intermixture between them
which produces all the phenomena of the terrestrial
world as we know 1t (¢f. note at end of Book 1, ¢h. 3},
De Caelo Books III-IV outline the general doctrine
of the four elements, and of their four naturdl places ;
the De Gen. ¢t Corr, deals with the general prmaoples
which govern their intermmxture and the consequent
processes of generation and destruction which con-
statute the natural world. In the Meteorologica Ans-
totle comes to deal with these processes in detal.
The firgt, and in a sense the most obwvieus group of
them, is the meteorological group (including these
agtronomical phenomena which Arnstotle regarded
as meteorological) 1 shooting-stars, meteors, comets
and the milky way, rain, hail, snow, frost, thunder
and Hghtning, winds of all sorts, haloes and rainbows,
But thonih the opening words of the description in
Book I ch. 1 of the scope of the work * indicate that
these phenomena will be its main coneern, Aristotle
eannot confine it within these bounds. 8o 1 Book 1
we have an account of rivers and springs and of coast

t B38 b 21 wepl +dy yeernidrre pdhiova réwov v dopf v véw
darpeav: it 15 concerned with phenomena ™ in the region
which borders most nearly on the movements of the atas,”

xil



INTRODUCTION

erosion and silting, and in Book I of the sea and of
earthquakes, topics which can hardly be classed as
peréopo, though they are not unrelated to the re-
maining toples i these books and their inclusion is
therefore not altogether surprising. But whereas
Book L ch. 1 ® indicates that the Meteorologica will be
followed immedhately by the biological works, Beok
III, 878 » 15 ff,, promises a freahise on mefals and
minerals, on the grounds that these also are pro-
ducts of the two exhalations studied earlier in the
work,

The fact is that in the Meleorologica Axistotle em-
barksen an acecount of the processes of change i the
four elements whose general prineiples have been
laid downn De Gen. ef Corr  He starts with meteoro-
logical processes and includes with them certain
alied topiecs  But these two groups between them
clearly do not exhaust the processes and products
of the transformation and mixture of elements: there
iz a vast field of physical and chemical changes and
substances left unaccoanted for, and even Aristotle
with his strong bias towards biology cannot have been
unaware of them. Hence the promise (never fulfilled
in the extant works) at the end of Book 11, and hence
also the inclusion of Book IV in its present position,
for it is tust those processes of chemical change, inter-
preted in terms of Anstotle’s dochine of the four
elements, and certain physical properties of materials
that are its subject.

N B. Boox IV
t. Authenhicity. The authenticity of Book IV has
¢ 338 ab
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been doubted, and Ross ¢ says that it is * pretty cer-
tamnly not genuine,” while Jaeger ® refers to 1t as
“spuniens.” On the other hand, Joachim ¢ treats it
as genuine. The only attempt to argue the case
against its authenticity is that by I. Hammer-Jensen?
who has in turn been cmtiazed by Dr. V, €. B.
Countant.®

As Dr. Coutant remarks, H.-J.'s argument turns
mainly on “ an analysis of the natural philosophy
behind the book ' ; or, more precisely, on an attempt
to show that certan ideas m the book are un-Aris-
totelian, for, * asserting the character of the book to
be very mechanical and atomistic in ils explenation
of certain phenomena, she ventures to sscribe the
work to Strate of Lampsacns, on the ground that
Strato was the most atomistic of the Peripatetics.”f
Such arguments from the ideas expressed in & par-
ticular book and their consistency or inconsisteney
with the main tenets of a philosopher expressed in
the main body of his work are bound to be, to some
extent, subjective : but I agree with Dr. Coutant
that H.-J, has failed to make a convincing case, and

8 Aristotle E?nd ed.), p 11.

¥ driglotle {Eng, trans.), p. 386,

¢ Awristotle on Coming-to-be and Passing-away and article
on ** Anstotle's Concephion of Chemieal Combmation,” J, Ph.
xxix {1903).

¢ = Das sogennante 1V. Buch der Meteorologie des Aris-
toteles,” Hermes, 1 (1815), pp. 118-184.

* In a disseriallon for the degree of D.Ph. at Columbie
University entitled Alewander of dphrodisias . Commenta
on Book IV of drisiotls’s Melsorologion, g: ivately printed,
1936, I am grateful 4o Mr, T2, J. Allan of Balliel College for
fending me his co}})}y of this work érowewed by m in OB D
{Nov. 1287}, of which coples are deposited at Columbia Uni-
versizy bt which 15 not generally available.

7 Op.efl.p. 8.
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INTRODBECTION

it is swpusing that her arguments have remained
unanswered so long.8

H.-Js two main arguments are {1) that lhe ex-
planations of natural processes given in the book are
of a very " mechanistic " kind, the characteristic
Aristotelian nsistence on the final cause being
absent ; (2) that the use made of the wdeas of =dpoe
and dyxoc in chs, 8, 8 and g is un-Aristotelian and
indicates a connexion with Atermsm.

(1} The answer to the first of these objections is
supphed by Aristotle himself in ch. 12 and overlooked
by H..J, Briefly, it is to be found in the words 13 yip
of figxm Griore dvrabbe 8jAov, Swov &) wlAsdwror s
Ays (860 2 8). “ The final cause ig least obvious
where matter predominates.” Throughout the book
Arstotle 1s dealing with changes that arise from the
mutnsl relations of the four * prime contrarvies ” and
the four elements through which they operate, which
are the material basis of the universe. The formal
and final causes are not entirely overlooked #: but,
as Avistotle is careful to point out in the final chapter,
they are in the nature of things less obvious when one
is dealing with matter and material processes in the
more elementary stages ; they become obvious only
when we get higher 1n the scale of creation, in par-
ticular when we reach plants and animals Itistrue®
that in ch. 12 Aristotle speaks of the homoeomerous
substances as being formed “ by hot and cold and
the motions set up by them ” {1.e. by material and
efficient causes only), while in De Gen. 4n. ii. 1,784 1
29 ff. he speaks as if a final-formal cause were also

@ W. Capelle in Pauly-Wissowa, Supp. Bd. vi (1938), pp.
389-342, 1s unconvipeed by them but does not give his reasons,

PO 870 h 85,381 & 1, 388 & 20,

¢ H.Lop. 124,

v



INTRODUCTION

necessary for thew formation But, as Dr. Contang
points out, he is not consisient elsewhere on this poini
in De Gen. An tself ¢ and what he says m ch 12 4s
not that a final cause 15 ever entirely abuent, but that
in matenal processes of the kind deall with m Book
IV it 1s difficult to pereeive, and ean therefore, 1 is
implied, be ignored  The homoeemeruus badies are,
clearly, a borderhne case and can be spoken of in
either way.

There 18 therefore notlung inconsistent with Aris-
totle’s philosephy of natore in the comparative
absence of the final-formal cause from Book IV, The
subject matter 18, on Aristotle’s own showing,msuch as
to make that absence hikely ; and it is perhaps werth
adding that the same is true of the first three books,
whneh are undoubtedly genuine, and whieh could wath
equal plausibility be argued to be *mechanical,” ¥
Nor is H.~J.’s contention ¢ that Aristotle was hardiy
aware of the problems of mechanical causation and
the anlithesis of 'e':femm—ég Grabyrys till they were
brought to Ing atbenhion by Sirato as author of Meleor,
IV m the least plausible. Aristotle was acutely aware
of these problems, both in Physics B and in De Part,
An. (cf, Book L ¢h 1 in particular) and De Gen, An.
and Physics B and the main groundwork of his bio-
logical work were certainly completed before the end
of s residence in the Troad and Lesbog.

© 143 a 7 states the same view as Jeteor. 1v, 12 and cleaddy
refers to 1t
b . Coutant, op. eit, p. 10.
2

© P, 12§

¢ For the Physies of. the Introduction to Woss’s sdition,
H.-J. makes no reference to the Phykies and erroncounly
assumes (p 129}, with Jaeger, that the biologieal works are
late - of. my paper 1n C.¢. {July-Oct. 1948}, There is no

i1
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(2; H.-J, finds traces of atomistic doetrine in the
references to dyroc and wdpor in ehs. 3, 8 and 9.2 But
there 11 no evidence that a behef m rdpar was char-
acterstic of the Atomists. Tor if Demoeritus used
the word 1 connexion with sense perception, so alse
did a number of other early phnlosephers?; and
the use of the idea of wdpor as part of the theory of
the constitution of matter is charactenstzc not of the
atomists but of Bmpedocles. It is true that in De
Gen. et Corr. 1. 8 Aristotle associates the theory of
“pores " with the doetrine of the Aformsts on the
grounds that the empty spaces between the atoms
are analpgous to the “ pores ” of Empedocles,® but
it is clear that the two doctrines are different, that
the sssociation is made by Aristotle humself for pui-
poses of eriticism, and that the theory of pores is not
part of atomist doctrine? The case s hitle better
with dyxoe, The word is used by the Atomists and
may mean * atoms,” but the use is very occasienal®
and the meaning uncertain, and in Eprcurus at any
rate it seems to mean little more than “ particle ”
without any specific reference to atoms ¥

cvidence that Strato attended the Lyceum durmg the hfe-
time of Arnstotle. He 18 smud to have been o pupil of Theo-
phrasius, whom he suceeeded as head of the Liycenm, dyin,
eirea 3T0-268 ¢ He cannot have been mome than a cinld
m the decade 350-340 5 c. and ean theiefore hardly be re-
sponsible for having diawn Anstotle’s attention fo difficalties
of which he was at that tune well aware.  OF, Zeller, .Irufotle
and the Earlier Peripatetics, 1i. p, £51, note 1
¢ P, 122, b OF Thels, Vore, Index, s o,

e O‘f 825 b 5-11,

¢ (f. Joachim's notes on this chapter (A risfotle on Commg-
to-be and Passimg-gway, pp. 156 f.}: and Batey, Greek
Atomists, chs 2 and 3,

¢ Diels, Vors, Index, # ». ; Buley, op, 048, p 156, note 1,

7 Bailey, op. ¢if. pp. 577-579,
xvil



INTRODUCTION

The general meaning “ particle,” in fact, susts the
two ¢ contexts 1n which the word occurs in Book IV
very well. In both Aristotle is speaking of water
penetrating and melting or softering other bodies,
and it is natural enough to talk of particles of water
penetrating into other matersals  Sinularly it is not
unnatural in these contexts to speak, without using
the words in any techmeal sense, of  pores 7 into
which the particles of water penctrate. The ebvious
example which presents stself is that of a sponge : and
thig is, in fact, used by Anstotle when speaking of
pores in 886 b 5, 7 angl7. It is easy to extend the
ides to penetration by fire (887 a 10, 21} and, with
the analogy of the sponge in mind (886 b §), to com-
pressibility (886 b 2 ££.). In 2ll these cdses the body
concerned can be called ** porons ™ without stretching
the ordinary meaning of the word far. Nor need it
be stretched much farther to make it cover the break-
ing or splitting of matenals (886 a 15, 387 a 2) 1 the
grain of wood (387 a 2), for example, 1s a kind of paih
(another meaning of wipos) along which 1t splits ©

The references to wdper and dyner are thus best
explained by taking the words in their non-technieal
ordinary meaning - and Olympiodorus’ explanation ¢
that by wdpos Aristotle means 7& efmutérrepn pipa 15
not far wrong. There is no reason whatever to see
any reference to atormsm.? But even if the refer-

5 385 a 30, b 20,

b The passa%'es in which wdgor are mentioned may be
gmuped as follows: penetratior by mowture 381 b 1, 8,

85 a 20, b 20, 24, 25; penetrabon by Hre 887 a 19, 21
compressibility 886 b 2, 4, 5, 6, 9; breskalbilty 386 2 15;
fesiniity 957 % 2 ° 318. 18,

¢ H.-J.’s case 15 not improved by an attempt (p. 128) to
read stomism mio 387 a 12 {f,, where there 1s no conceiyable
reference to it

vidi



INTRODUCTION

ences to atomism were proved, 1his would not neces-
sarily indieate Strato as auther. For though Strato
is said to have abandoned the Aristotelian teleology,
to have regarded heat and cold as ulhmate causes,
and to have adopted the atomists’ conception of the
void, he is also said to have refused fo sccept the
atomic theory itself on the grounds that the possi-
nlity of infinite division made the existence of a
minimum physical body impossible.#

H..I’s two mam argumenis thus seem to be il
founded Without them the others can hardly camry
much weight and in themselves are lacking in cogency.
Most gf them: turn on discrepancies between state~
ments in Book IV and statements made elsewhere
by Aristotle. But as Dr. Ceuntant points out (p. 10,
note 18), Aristotle is frequently inconsistent on minor
matters ; and the search for minor inconsistencies
in his works really throws little light on thew authen-
tieity. Thus if Aristotle in this book (ch. 4, 88! b 24,
and 382 a 4) says that sll bodies are compounded of
earth and water, while in De Gen. ef Corr. 334 b 31 ff.
he says that all bodies are composed of all four
elemnents, the difference is one of point of view rather
than of fundamental doctrine. TFor in thiz book all
four clements are still mvelved in the composition
of bodies 5 but two are regarded as active, and there-
fore as efficent canse, two as passive, and therefore
as material cause. In ch. 4, 382 a 3, water is called
the element most characterized by moisture, in De

e Zeller, Phil. der Gireechen 1%, 2, pp. 001 ff.: Eng. trans.
Aristotle and the Barlier Peripatetics, pp, 456-460, H.-l.'s
statement (p. 125), * Von Stralon wissen wir, dass er Peri-
paiitiker war, und doch der alomschen Lelre, dio er aus-
bante, seine Zustimmung gab,” seems to contradict what
ZeHer, to whom she1efers, in fact says.

b4
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Gen. ef Corr 331 2 bt s saad Lo be clmracterired by
eold rather than mowture  Dut Awnslotle 1 not eon-
matent on this peint 1 De Gen ef Carr, 1tdf and at
434 b 3t amphes that water is characteristically menst,
which agrecw with what 14 <aud heve inch, t.7 Again,
there 15 no racieal inconsistency between what Ans-
totle says about slive ol in ¢h, 7, 588 b 20 annd what
he says in De Gen, dn. 735 b 12 &, and | agree with
Dr. Coutant that there s no confliet between what
Avistotle says at 370 a 26 abont § airelu Beppirys and
what he says in Book II, 355 b 9, ahout the épdrrus
Heppidrys.?  But further detailed argument may be
omitted here,

Finally, there are certain positive indications that
the book 18 by Aristotle. There are three farly clear
references to it 1n the biological works (with which
ch. 12 dehberately binks it) : De Parf. 4n. i 2,640 a
38 &, refers to chs. 6-8 and 10, De Gen. An. 1. 8,748 a
3-7 rvefers to chs, ¥, and v, 4,784 b & refers to ch 1,
879 a 16. The doctrine of ch, 12 is, as hay been in-
dicated above, thoroughly Aristotelian, and mdeed
an lnportant passage for Arstotle’s views on feleow
logy in orgame and morganic nature  The nse of the
pavallel between reyry and $irs {(¢f ch, 2, noke a
ou p 298 and ¢h, 3, note & on p 308} 1 typeally
Aristotelian, and can be found, for example, runing
through Physies B and De Part 4n. 1. 1. The treat-
ment of hard and soft as the primary qualitiey in chs.
+ £ is, as H.-J. hevself points out (p. 120}, conmistent
with what Anstotle says elsewhere on the subjeet
(De Gen. ef Corr. in. 2, 820 b 32 &, De dnima d 11,
423 b g7 f, i, 18, 435 2 21 £}, and what is said abont

& (f. ch 4, note e on p. 312,
¥ Cf. chap. 1, note g on p. 264

X
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the four prime contraries and the four elements in
general iv 1 complete accord with De Caeloin and iv
and De Gen. #f Corr. (which is perhaps why Alexander
grouped the book with the De Gen. ef Corr.). Lastly,
n the latter part of the book the homoeomerous sub-
stances are gwen & place in the constitution of the
physical world sumilar to that given to them in De
Part. An. 1. 1, 846 a 12 .

I conclude that the case against the authenticity
of Book IV has not been made out, ihat what indica-
tions there are point to # being genuine, and that
it should be aceepted as such until & far stronger case
is madeout againgt it than hitherto.

2. Contents. Book IV, as has been remarked,? is
concerned with chemical change and various pro-
perties of matter.? In it Aristotle deals m detail
with processes of what we should to-day call chemical
change, whose general prinaples he has laid down in
the De Gen. ef Corr.t he deals also with various
gecondary properties of matter, secondary, that is, fo
the four ' prime contraries,” winch have also been
dealt with 1 De Gen. of Corr. The sequence of
thought in the book is by no means easy to follow,
and can best be seen in a brief analysis of its contents.

A Chu. 1-8.  The effects of heat and cold.

Ch.1. Summary of the doetrine
of four prime contraries (hot,
vold, moist, dry} and four
elements (fire, air, water,
earth). Heat and cold as
active factors are responsible
for generation and destruec-
tion.

¢ P, shiabove. ¥ Cf, Jowehim, loe, cet,, JLPA. zoox {1803).
xxi
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Chs, 2-3. The effects of heat and
cold on naturalbodies. These
are agsimilated to the 1wo
easily observable processes
of cooking food and ripening
fruit (¢f. chapter analysis to
chs. 2-8 and p 288, note a).

B. Chs. 49. Quahties arismg from the pl‘ima}:f'

wxil

factors moist and dry, which

enter into the constitution of all

physical bodies,

Ch. 4. Moist and dry imply
hard and soft, which are mn
this sense primary qualities.

Ch. 5. Hard and soft mmply solidi-
fication and liquefaction,
which sre due to heat and
cold. Drying as 2 form of
sobdification.

Chs. 6-7. Solidification and
Hguefaction proper.

(1) In watery liquids, wlich
are solidified by cold,
liquefied by heat.

{2) In mixtures of earth and
water {which mey also
;hick;n instead of solidi-

nege.
(23 lgn which earth pre-
dominates,
(8) In which water pre-
dominales.

Ch. 7, 388 b 20-end.  Discussion

of particular examples. Any-
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thing that will either solidify
or thicken containg earth,
Chs. 8-0. Eighteen pamrs of fur
ther qualities ariging from
the four pnmary factors are
defined and discussed.

C. Chs. 10-11. The homoeomercus bodies r%c{ chap,
8, introductory note). These are
clasmfied according to the pre-
dominance 1 them of dry and
moist (ch 10} or hot and eold
{ch. 11}

D. Ch,la Conclusion. Looks forward to a freat-
mentof the homoeomerousbodies
in detail {presumably m the bio-
logical works, e.g. De Part dn.)
and points out the importance
of the final-formal cauwse in
nature, even though 1t is not
always apparent.

C. Datz

The evidence for the date of the composition of the
Meteorologiea is wneonclusive.  Positive indications in
the work are as follows :

1. 7, 845 a 1, mentions a comet which appeared in
the archonship of Nicomachus 541/0 n.c.

At IIL 1, 871 a 81, the bumn%l of the temple at
Hphesus (856 B ¢ ) 1s veferred to s having taken place
vy, which wonld seem to mark it as 2 recent event,

AtI11.2,372 a 28, Aristotle, speaking of the appear-
ance of a rambow at night, says * we have only met
with two instances of it over a period of more than

XXni
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fifty years "' ; and it may be argued that this indicates,
though not conclusively, that Aristotle was not a
young man at the time he wrote it ®

These indications are not conclusive, angd are muku-
ally inconsistent. ITor the first and thwd indicate
a date after 340 : the second a date not far from 356,

Two further arguments are used by Ideler {1, p.ax) :

(1) That Aristotle’s references to the Caspian and
Aral Seas (Book I. ¢h. 13, 351 a 8, Book II. c¢h. i,
854 a 8) argue a date prior to Alexander’s expedition,
on the grounds that after Alexander the two seas
were supposed 1o be one and to be a gulf of the Ocean
{cf. Ideler’s notes ad i 15,1 29, and 1i. 1,1 14). But
this argument is invelidated by Tarn’s discussion.?

{2y That the observations on the position of the
consteliation of the Crown in Book I, ¢h. 5,862 b 0,
appear te¢ be made as from the latitude of Athens,
But the passage is of doubtful authenticity (¢f. O.T.
note ad loe.) and in any case would only ndicate a
date after 833 or before 347,

It cannot therefore be said that internal evidence
gives any conclusive evidence of date. On other
%eneral grounds Ross ¢ and Jaeger,? followed by

r. Coutant,? favour a later date But they base
themseives on Jaeger’s conclusion that the biological
works, with their attention to detaill, are the products
of Aristotle’s later years, and that other works, show-
ing & similar attention to detall, must be referred to
the same period. Jaeger's view of the date of the
biological worke iz ill founded, and all indications

® (0f. Jagper, dristotle {Eng, trans.), p. §07, note 1.

¥ Alevander the Great, n. pp. 6 . {F. Note on Aristotle’s
Geography, Bk, I, ch. 18,

° Adyistotle, p, 18 ¢ Log, oit,

* Op, cit. p. 18.
sxiv
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pomt to an early origin for them?; and this argu-
ment for a later date for the Mefesrologica thevefore
falls  But there 1 undoubtedly some comnexion
between it and the biologreal works., The introduc
tion (Book L. ¢h, 1) looks forward to them in 2 way
which snggests that Aristotle may have started work
on them ; and the conclusion of Book IV, ch. 12 again
deliberately Hnks itself with them. In addition, the
only clear refevences to the Meteorologica elsewhere
are in the biological works.?

The evidence, therefore, if meondusive, would
seem to indicate that the Meteorologica was started
not later than Arisiotle’s period of resdence in the
Troad and Lesbos, when so much of his biological
work was done. The comnexion with the biologieal
works and the reference to the temple of Ephesus
both point to this. At the same time Aristotle with-
out doubt continued to revise and bring up to date
his work on the subject, and this accounts, forinstance,
for the reference to the archonship of Nicornachus,
which must certainly be later than 840 sc. We know
that Aristotle’s extant works arve erther lecture-notes
or commested closely with his teaching work ; and
the one thing any lecturer is constantly domg is to
revise and bring his notes up to date,

D. Cowcrusion

That the Meteorologica is a littleread work is no
doubt due 1o the intrinsie Jack of interest of its con-
terds.  Aristotle 1s so far wrong in nearly all his con-
chusions that they cen, it may with justice be said,

& (. above, p. xvi, note d.
Cf. ahove, p. xx, and Bonitz, Indeg, p. 102 b 49.
XYV
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have little more than a passing antiquarian interest,
Certain passages there are which have an interest of
their own, and which are less well known thay they
otherwise mmght be becauce of thewr context. Such
are Book I ch. 1, with #s review of the physical
sciences, perhaps the best-known passage in the work
and the basis for the accepted arrangement of Ars-
totle’s works ; Book I. ch. 18, 850 a 14 f. and Boek
IH.ch 85,2620 12, from which we learn Aristotle’s
view of the nature and extent of the habitable world
and the extent of his geographical knowledge ; pas-
sagesin Book I of considerable interest for the histmy
of Greek astronomy, for instance, those wheeh give
the views of Aristotle and of his predecessors on
comets and the Milky Way (chs. 6-7, and 8; Aris-
totle’s view of the former was to hold the field until
Newton%); Book IV, ch. 12, which adds considerably
to our understanding of Aristotle’s views on the place
of the final-formal cause in natare.

But, apart from these passages of special interest,
the majn interest of the work is to be found not so
much in any particular conclusions which Aristotle
reaches, 88 in the fact that all his conclusions are so
far wrong and in s lack of a method which could
lead him to right ones. In this he is typical of Greek
science, The comparative failure of the Greeks to
develop experimental science was due to many causes,
which cannot be considered here They lacked in-
struments of precision—there were, for instance, no
accurate clocks until Galileo discovered the pendulum,
They did not produce until a comparatively late date
any glass suitable forchemical experiment or lens-
making., Their iron-making technique was elemen-

& Heath, dristarchus of Somos, p. 24T,
®xvi
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tary, which precluded the developmentof the machine,
Their mathematical notation was clumsy and ansuited
to serentific caleulation. All these things would have
severely imited the development of an experimental
sclence had the Greeks fully grasped s methoed.
But the experimental method eluded them. They
observed but they did not experiment, and between
observation and experiment there is a fundarvental
difference, which it is essential fo recognize if the
history of Greek thought 18 to be understood.® Fhs
difference can be clearly seen in the Meteorologica.
There 18 plenty of ohservation: Books I-III are full
of it, an® Book IV shows a keen observation of the
proeesses of the kitchen and garden in texms of which
Aristotle tries to explain chemical ehange in general
But there is practically no expermment, and in those
experiments which Aristotle does quote the results
given are wrong (¢f. Book I ch. 8, note b on p 156
and note aon p. 158). A good example of his attitude
and method is the theory of exhalations, which plays
80 prominent a part in Books I and IL® It has »
basis in observation: Aristotle had obviously ob-
served the phenomena of evaporation. ‘Yet not only
has 1t no basis in expenment but it is not designed to
be verified experimentally, nor is it easy o conceive
any experiment whxeh could either confirm or invali-
date it, It is this absence of the awareness for the
necessity of an experimental test that i3 the mark of
thought that is rational but not yet scienbfic, of the
natural philosopher rather than the natural saentst,
And of Aristotle’s natural philosophy and of Greek
natural philosophy in genersl it is true that it re-

¢ Burnet, B GLP 4 p 27, for mstance, fails to recogmaze it
& CF. note at the end of Book L ch. 3
xXVil
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mained rational without being scientific, that it never
passed from nataral philosophy to natural science,
There are, of course, excephions both in Aristotle and
elsewhere 1n Greek thought. Greek medicine comes
very near to being seientific,® so also do Aristotle’s
biological works; and the Greeks made further
progress in astronomy than in any of the other
physical sciences, though this was just becanse their
astronomy involved no experiment, but only observa-
tion and mathematical caleulation, But these are
exceptions, (OFf ihe more general tendency the
Meleorologica is typical ; itis a prodact of the natural
philosopher, not the natural serentist, and 15 in this
that its mam inlerest Hes,

Trye

The text printed in this edition is that of Professor
Fobes, lo whom 1 wish to express my thanks and
gratitude for s permission to use it. I have occa-
sionally and with great difidence adopted a different
reading from that given in his text, mn an attempt
to produce a version that wonld give better sense
I have noted these variations, and also in some places
where the lext is obscure some of ithe alternative
readings given in his apparatus,

Brarrosraray

The following are the works to which most frequent
reference is made and the abbreviations used in
referring to them.

e (0f. W. . 5. Jones, The Medical Writings of Anonymys
Londeniensis, Excursus I, pp. 148 £, and Phifosophy and
Medicine in Aneient Greece, p. 22,

xwviit
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I L. Ideler, Arstolels Meteorologi-
corum Librm FI7, Fipsias, 1836,

F. H. Fobex. drsiolelis Mefeorologe-
corum. Libii Quaituor, Harvard,
1918

J. Barthélemy-SBaint-Hilnire, Météora-
loge d' dristote, Pars, 1868

The Works of Aristotle, translated info
English, vol. iii contamning Me-
lerologicn, by B W. Webster,
Oxford, 1951 (the ' Oxford trans-
lation '},

F. C, B, Thurot, “ Observations cri-
tiques sur les Meteorologicea
d’Axisiote,” Rewvue drehdologique
xx (1889, pp. 415-420, =xi
(1870), pp 87-08, 240-255, 330-
316, 306-407.

Alevandri w dristotelis  Meteorologi-
corum libros Commentaria, ed. M.
Hayduck, Berim, 1890.

Olympiodori 1z Aristotelis Meteora Com-
mentaria, ed, Guil, Stuve, Berlin,
19060,

Toannis Plaloponi in dvistotelis Meteoro-
logicorum bibrum primum Commen-
tariym, ed. M, Hayduck, Berlin,
1061,

Heler,
Fobes.

St -ihlane.

O.T.

Thurot,

Alex. or A
Olymp. or O,

Philep. or P.

In the notes on the text I have added, following
Fobes, to the initial letter of the commentator the
letters ¢, 1, or p to indicate whatever the reading
referred to is to be found in a citation, in 2 lemma, or

in the paraphrase and commentary.

¥RIX
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A fuller bibliography, concerned primanly with
more recent publications, will be found in Fobes
pp. xlit-xlii. To it may be added :
¥ Arey Thompson, “ The Greek Winds,” Classical

Review, xxxh (1918), pp. 49-56.

D L. Yachhols, * Anstotle’s Theory of the Formation
of Metsls and Minerals,” Classical Quarterly, <liif
(July-October, 1049}, p 181,

V. C.B. Coutant, Alexander of dphrodisias : Commen-~
tary on Book 1V of Arisiotle’s Meteorologica 1 dis-
sertation submitted to Columbia University,
privately printed, 1036,

Sir T. L Heath, dristarchus of Semos : o History of
Greel: Astronomy o Aristorchus, Oxford, 1613,

Sir W. Napier Shaw, Manual of Meteorology, vol. 1:
Meteoralogy in History, Cambridge, 1932,

Of the older commentators, whe fall outside the
scope of Fobes’' bliography, the most noteworthy
{apart from Fdeler) is:

F. Vicomercatus, In quatuor hibros Aristotells meteoro-
logteorum Compnentarit, Paris, 1556, and Venice,
1565.

To these should be added :

Ingemar Diiving, dristotles’s Chemical Trendrse
Meteorologica Book 1V, Giteborg, 198,

which did not come into my hands unti this book
was in proof. During’s chief object iz to prove
Meteorologica IF to be * a genvine work from the
hand of Aristotle by a thorough-going comparison of
the contents and the langmage of this treatise with
the treatises of undisputeg Aristotelian origin ”
(p- 20). His arguments supplement those given in
my Iatroduction.

XXX
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APIZTOTEAOTE
METEQPOAOTIKQN
A

CHAPTER I
ARGUMENT

The scope and subject-matier of Metsorology and its place in
the system of Natural Plalosophy. Natural Phidosophy com-
prises {1) Physies, whick deals with firsl princyples and the
vorions lnds of natural mofion (the Physies) ; (2) dstronomy
(the De Caelo) ; (B) the general theory of the elements and
thesr trangformation (De Caelo w1, iy, De Genevatione et
Corruptione) ; (&) Meteorplogy, the subject of the present
work 3 {5) Zoology and Botang.

Note.—In seciion (43, BB8 2 26-—8339 4 5, dristotle groes n
sumanary of the subjects to be treated wn the firel three booke.
B 12 o prelinvnary survey, not a table of eonlenis, and wa
must not look for too precise a correspondence belween o and
the contents of the work and the order of treaiment » thus the
milky way, comels and meleore gre mentioned here in fhe
reverse order bo that in whch they are wn fuct treated, and no
spectfic mention 1@ meade of the condents of Book I. ch. 5. BHut
broadly speaking the contents of the fivst three books do corre-
spond fo the summary here ven. There are only three pas-
sages which cause difficulty.

(1} 338 b 24 dou re Jelnuer v ddpos elvar xowd wiby wal

2



ARISTOTLE
METEOROLOGICA

BOOXK I
CHAPTER I

ARGUMENT (confrnued)

sdares, These words most naturally refer to Book I, che, 9412
(whch arg summed up as o wrk gl the end of ch. 12) ¢ but they
may refer to Book ITT, chs. 2-6 as the commentators suppose.

{2) 3381 25 Irc 5& vis Son pdpn wal €By wul why vy pepdr.
These words descrbe not very ewvactly the contents of Book
I, eh. 18-Book IT. ch. 3, and it seeme best to suppose with the
O.T, thot it 1s to them thal reference is wntended, and to tohe
¢ v B3B8 b 25 ar marking sequence only and notl causal
eonnexion.,

(3) 339 a4 xal riv Edew +&v dyxukdlos, Soa Sk whty oup~
Baive, wafly Gy afrdy copdrar rodroy  rdvatrdv, . Tolrwy
can herdly refer to thunderbolte, ole., and must tharefore
presumably ba taken Lo refer to air and water, the two elements
most recently mentioned (338 b 24, ef. dlew, 5. 28). éyd-
whor 15 used of any recurrent phenomenon, and though i
maght more easily be used 1o deseribe rawn, Ami, sle., Le.
Book I, che. 912, il i not wmposnible io inferpret o to refer
t0 haloes, rasnbows, ete., deseribed wn Book ITT, che, 26, These
are all due to condensabion, which s what wiéic seems lo wean
here. Cf. W, Capelle, © Das Proomium der Metsoroogie,”
Hermes alod, pp. §14-535.
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ssag0  Ilepl pév ol 7@y wpdrwy alriov 7is ddocws
xal wepl ndoys wkwfocws drowds, éru 8¢ nepl Tdv
KoTe Ty dvw dophy Sraxeroounuérwy doTpev kal
arepi TGV mroaxefmv @y owparkdy, wica 7€ xal
wom, Kal ms gl dAdmia p.e‘mﬁo?mg, Kal wepl
26 'yevecews' xal 9590,0&5' s kowdis ELp‘T,I"I‘G.L wpo*repov.
Acwroy 8 domi uépos ThHs uelddov Tadrys ér few-
pyréov, & mdvres of mpdrepor perewpodoyloy éwd-
838 b Adowy* radra § dorly doa cvuPaiver kara ddow pév,
draxrorépay pévrol tiis Tof wpdrov oroyelov TdHY
owudrav, mepi oV yamidvre pdiiore Tégoy TH
dopd TH r@v dorpwy, olov mepi re ydAaxTos xoi
xoumT@y kal TV éxmupovpdmur kol rwouudvwy
dagudray, Goa Te felnuer &v dépos elvar xowd
25 wdbn xal Goaros, éru 8¢ yijs Goa pépn ral €idy wal
mwdlfm cov peplv, €€ v mepl re mrevpdrwr xal
wss geoudy fewphoaper dv ras airlas wal mepi
mhvTy TdY yryvopdvwy kard ras kwhoes Tas
rodrwv év ols 16 pév dmopotiper, vév 8¢ dfarmrd-
webd Twa Tpémov: Erv 8¢ mepl wepavvdy mrivews
kol ruddvay kai mproripwy kal Tdv dAlwy TGV
s dyxvkdlww, Soa S whfw ocvpfaiver wdby Tdv
abT@y swpdroy TotTov,
DiedBdvres B¢ mepi Tolrwy, Bewpiowper e
Swvduela rard, Tov Sdmymuévor Tpdmor dmodolival

¢ Physies.

b Pkysws, esp, Books V-VIII.

© Be Caelo ) and b,

4 De Casle 11 and v, De Gen. ot Jorr,

¢ The fifth element of which the heavenly bodies and then
spheres are made.

4



METEOROLOGICA, 1.

{1} We have already dealt with the first canses of
nature ¢ and with all natural motion ? ; (%) we have
dealt also with the ordered movements of the siers
in the heavens,® (8) and with the number, kinds and
mutual transformations of the four elements, and
growth and decay in general.‘f {4} It remains to con-
sider a subdivision of the present inguiry which all
our predecessors have calied Meteorslogy. Iis pro-
vince is everything which happens naturally, but
with & regularity less than that of the pnmary
element ¢ of material things, and which takes place
in the region which borders most nearly on the move-
ments Bf the stars. For instance the mitky way/
comets,? shooting stars and meteors,” all phenomena
that may be regarded as common to air and water,?
and the various kinds and parts of the earth and therr
characteristies? There follows the investigation of
the causes of winds * and earthquakes * and all ocour-
rences associated with their motions. Of all these
phenomena, some we find inexplicable, others we
can to some extent understand. We shall alse be
eoncerned with the fall of thunderbolis,” with whisl-
winds,” with firewinds,” and with all other recwrent
conditions which affect these same bodies owing fo
condensation.?

{5) After we have dealt with ail these subjects let
us then see if we can give some account, on the lines

71,8 ¥ i 6-7. By, 4

+ 1, 9-12, and perhaps ut, 2-6, 378 & 14

# 3, 18-in 8, though 1t 10 difficult to find & precise 1eference
for this phrase. It can hardly, however, refer to Book IV,

B 4.4, P, Y-8,

m o, 8, 001 1. @ 1n, I,

° * Same bodies ., not thunderbolts, ete., but presumably
sir and water, i 246, 878 & {4, or 1, 9-12,

. §
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82
mepl [ kal durdw, wabdov Te wal ywpls
axeboy yap Tovrwv pnfdvtwy Tédos dv el yeyoves
s éf dpyfis nply wpoarpéoews mdoms.
10 08 ofv dpbduevor Adywuer mepl airdv mpddtov.

¢ The zoological works, with which should be included the

De Anima.
¥ A reference to the lost work On Plants . ¢f. Boritz,

Index 104 b 38,

CHAPTER II
ARGUMENT

There ie one element in the celegtind region, en the terresirial
there are four, earth, air, fire and watar. These four arethe

a1t Emead) yép SubpioTon mpdrepov Hplv pla pev
dpyty v cwpdrwy, €8 5 ovwdermrey 4 TAv éy-
wvrdios ¢epoudvey owpdrwy ddots, dAAa B¢ rér-
ropa odpara Bid Tas rérrapas dpyds, dv SurAdy
15 elval daper Ty xiemow, ™Y uév amd Tl péoov
v § émt 76 péovr Terrdpaw § Svrwy TodTav,
wupds kal dépos kol Udares kal yis, T6 wev ToTots
w@ow mmoddiov elvor wdp, 76 B Sdrorduevor iy
8do B2 & mpos adTd Totrots dvdloyov dyes (Ghp udv
wap wupds Epyurdrw v dAwy, SSwp 8¢ yish &
20 8% wept ™ YAV Blos Kdouos éx ToUTwy ouréornie
7@y gupdrwy: wepl of Ta oupaivorra wdfy dapdy
t & §s Vieomercatus O.T. & &v codd.

s Hof, cold, dry, mowt which combine to form the four
elements, here calied “ bodies.” Earth is & combnation of

f .



METEQROLOGICA, L -1

we have laid down, of anunals ® and plants,? both in
general and in particular; for when we have done
this we may pexhiaps claim that the whole investiga-
tion which we set before owrselves a3 the outset has
been completed.

With this introduction let us begin owr discusson
of the subject in hand.

CHAPTER II
ARGUMENT {continued)

maberial cause, the eternal motion of the celestial region the
efficient cuuse of all that happens in the terrestrial region.

We have previously laid down that there is one
element from which the natural bodies in circular
metion are made up, and four other physical bodies
produced by the primary qualittes,® the motion of
these bodies being twofold, either away from or
towards the centre. These four bodies are fire, air,
water and earth: of them fve always rises to the
top, earth always sinks to the bottom, while the other
two bear to each other a mutual relation similar to
that of fire and earth—for air s the nearest of all to
fire, water o earth. The whole terrestrial ? region,
then, 15 composed of these four bodies, and it is the
conditions which affeet them which, we have said,

eold and dry ; air of hot and wet ; fire of hot and 3 water
of wet and cold, De Gen, of Corr. 1 8. CF Book IV, ¢h. 1,
nofe ¢ on p, 200,
¥ 4.6, below the sphere of the moony ¢f 333 b &
T
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elvar Anmréor.  Eomv 8 é¢ dvdyrns ouveyds olros
Tois dvew Popals, wore micar adrod 1y Stvapw
kuPepviofue €xcifer Sfev yap 7 ris rwdocws
dpys) mhow, éxelvgy alriay voutsréoy wpdiry,

25 pos 8¢ rodrote § pév aidios xai Tédos ol Exoven
r@G Téme THs xumcews, dAX del & réder Tadra
8¢ v& odupare wdvre memepaouévovs Sidoryxe
rémovs EANHAwy, dore T@v ovuBowdvray mepl
adTor mhp pév xali yHv Kal T6 cuyyers TovTols
s & DAns €ldew &Y yryvoudvwy alia xpy voullew

80 (r6 yap Dmoxeluevoy rxai mdeyov Toiiror mpocaye-
pedouey Tov Tpémov), 6 & obrws airov st ofer
7 s ruhoews apxh, TV TV del kwoupduwy
airardov Svvaw.

% e o Febes : habent Eﬁi‘i"m, Ap.

¢ [ have translated Sthvems ** capacity for movement ™

hecanse 1t 1s the capacity of the elemenis for movement, and
»0 for change and cominnabion, which Aristotlie seems fo have
m mind.

* The characterstios of cucular motion

¢ Bach of the four elements has lts * patural place ” to
which it bas & natural tendency to move m a straight hne
% a 16-19 above)., I have taken wpds 8¢ Todrers & 21 . .
AAdfdwv a 2T as a parenthesis in which the cireular motion

CHAFTER IIX
ARGUMENT

The aryument af thas chapier is somewhat involved because
Arigtotie approaches the solution of we mmn problem—ithe
disposition of earth and fire in the terrestranl region-—in-
8



* METEGROLOGICA, 1 1y

are the subject of our inquiry, This region must he
continuous with the motions of the heavens, which
therefore regulate its whole capaaty for mevement 2
for the celestial element as source of all motion must
be regarded as first cause,  (Bemdes, the celestial ele-
ment is eternal and moves in a path that 15 spatially
endless but always complete,” while the terrestrial
bodies have each their distinet and lrited regions). ©
Fire, earth and the kindred elements must therefore
be regarded as the material cause of all sublunar
evenis (for we call the passive subject of change the
material cawse), while the driving power of the
eternally moving bodies must be their cause in the
sense of the ultimate source of their motion.

of the celeshial region 15 contrasted with the Imea: motion of
the terrestrial, linear motion lacking, sccordimg o Amnstotle,
the perfection of arrcular. The parenthesis may perhaps
have a further implication. Left to themselves the four
elements would each move to its natural place and core to
rest s they have net done so because the celesiizl motbion
keeps them stirred up, as it were, te form the world that we
know. Thus the celestial motion 1s dayh xunfoews of the pro-
cesses w the ferrestrial region. The reference o natural
places m the parenthesis may be mtended to recall this and
s0 to enforce the previous statement of the dependence of the
ferresirial on the celestial region.

CHAPTER III
ARGUMENT (continued)

directly, by disoussing certain ofher, though closely related,
problems. It may be analysed ae follows »

1. There are four elements. Barth s comparatwely smell
in bulk and hes, with waler (sens, rivers, ete.), at the centre
of the universe. What is the position of air *  And, more

9



ARISTOTLE:

generally, what 15 the nature of the substanre or substances
that occupy the space between the earth and the farthest sinrs
(339 a 83-b 16) ¢

2. The celestral region s composed of & dinene fifth element
which we may deniyfy with the traditional ** wether ” (338 b
16-30). So {a) the stars are not made of fire nor set in fire
{339 b 30340 a 3Y ; (b) nor are the infervals between them

Jull of @ (340 a 8.17).

8. We are lgft with two problems - (a) the disposition of
air and fire below thie fifth element ; (b) how heat reaches tn
Jrom the stars (340 8 17-28). (A discussion of (b) ws necessary
now the gtars have been shown not io be made of fire and so
not to be hot.)

3 (a). Let us first deal with air, and approoch the solution
of our snain problem by means of ¢ discussion of the juestion,
why do not elouds form in the t;pper air ag one mught on the
Jave of it empect {340 a 22-32) §

239 4 33 Avakaﬁowsg ofy ros & apyfis Odoeis xal Tods

et.pnyevovg mpdrepov Sopopods, Asywp,ev mepl Te

88 Tfs T08 ya)tawos éawccmfa.s Kai 'n'ept. KOPMTOY Kool
@y dAAav doa 'rv'yxavec Tom'oas‘ Grra auyyevi.

Doty 37 wip xal dépa xai Fdwp xal yiv yiyve-

ss0b offar €8 dAMdAwy, xal Exaorov & éxdorw Vmdpyew

radrwy Suvape, domep xal Téw dAwv ofs v om

xal Tadroy ﬁwéxewab, els 8 &% (:'.VG.AthVT(I.& é'o aTov.

Tpdirov pév oy a.arropﬁo'et.e:v by 71 wepr. OV K-

Aodpevov dépa, iva 7e xp AaPely abrol iy $ow

5 ér T #ept.exow& Jcée;u,w Y YRy, kel wids EX€5

H Tdée wpos Tma & ?\eyo,u.eva. orovyeta Tiv

swpdrov. o p,ev vap 317 s yfis dyKos m).mog v

T8 et.'q wpog T4 ?rept.exowa p,eyeé;:?, ol ddnAov:

#on yap drrar Suk r@V dorpodeyxiv Bewpnpdrav

® 4.6 30 the De Caelo and De Gen, et Corr., to which re-
ference Has been made zhove,

10



METE®ROLOGICA. I

() Introducton * any solutron which tmphed thot the
whole region was full of aw, ar arr-cvm-vapour, would upset
the balance of the elements unduly (340 a 52-h 5),

(ii) Arwstotie’'s own solution !

a. The motion of the celestinl sphere generates heat (which
prevents clouds) wn the part of the terrestrial neorest io 1t
(340 b ¢-14). . There are in fuct two sirata in thes reguon,
an upper one of fire, a lower one of awr.  Ho clowds wdl not
Sorm an o bavause of condaing fire as well gs air (340 b 14-32),
v The whole musgs, fire and oy, nasst move round with ihe
motwn of the celstral sphere ; and this would prevent cloud
Jormation (340 b 32341 4 12)

3 (). o The sun gensrater heat by s mobwon, like @
projectily, This alone i3 enough to account for all the heat
e the terrestrial region (341 a 12-36).

8. The fire that surrounds the lerrestricl yphere 18 some-
tsmes)drimm rnavards by the mobion of the hegoens (341 »
80-31

Lur us then recall our ymtial assumptions and the } The pro-
definitions given earlier® and then proceed to discuss e e
the milky way, comets, and other sirmlar phenomena, fpacete
We maintain that fire, alr, water and earth are earth snd
transformable one into another, and that each js B0 Bthest
potentially latent in the others, as is frue of all other
things that have a single commeon substratum under-
lying them into which they can in the last resort be
regoived.?
Our first difficulty concerns what we call the amw.
What are we to suppose its nature to be in the ter-
restrial region P And what is its position in relation
to the other so called elements of physical things?
(For there iz no doubt about the relative gize of
the earth and of the masses which surround it, as

astronomical researches have now made it clear that

¥ Dp Gen. et Corr, i 1, 45 De Caglo ni. 6, 7.
11
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0 dvfpddmois, AN dmeapdrs. Soou 8¢ wlp xabapdy
 wdxetvous ¢1. Thurot 1 xdweivos codd.
s (0f. Ds Caelo 1. 14, 297 b 30 £, Heath Arwtarchus, p
6. > De Caglo . 9, 8.
s f. bclow i 8, 368 b 14 and v, Diels 56 A 48, 73, 84.
é As if atftp were derived from def and feiv, with & play

on felos a8 well, For this etymology of. Plato, Cratylus 410 5,
{Arstotie], De Jendo 2, 392 a 5.

12




METE@ROLOGICA, 1. m:

the earth is far smaller even than some of the stars # ;
while water we never see existing as a separate and
distinet physical substance, nor can it so exist apart
from the mass of it situated round the earth, by which
1 mean both that which we can see, for instance sea
and rivers, and any that may be hidden from us
underground.}) But to return—are we to consider
that one physical substance ocoupies the space he-
tween the earth and the farthest stars, or more than
ons > And if more than one, then how many are
there and what are the limits of the various regrons
which they eccupy P

Now *we have aleady discussed the primary 2, The
element and its properties, and explained why the %ﬁﬁﬂmm,
whole region of the celestial motions is filled by that g&!h&ﬁ of the
body.? This opinion moreover is one that we are 1ot element,
zlone in holding, for it appears to be an ancient belief
and one held by men in former times; for what =
cafled the aether was given this name in antiquity.
Anaxagoras seems to think that the name mesns the
same as fire,® since he considered that the upper
regions are full of fire and that the ancients meant
by " aether ” the substance which fills them. In the
latter belief he was night. For men seem to have
supposed that the body that was in eternal motion was
also in some way divine in nature, snd deaded to call
a body of this land aether,? a5 it is different from all
terrestrial things, For we maintaln that the same
opindons recur 1n rotation smong men, not ence or
twice or occasionally, but infinitely often® (&) On the Two aother

refuted.

¢ For the doctrine of a reeurrent cyele of knowledge of.
Da Caslor, 3, 270 b 16, Met, A 8, 1074 b 1-14, Pofitees . 9,
18329 b 25 : ses also Jaeger, Arietorle, pp. 128 £, and ¢f,
ch, 14 below, noteaonp 114

13



338

3

=

[

it

6

ARISTOTLR

elval daor 76 mepiéyor xal wiy pbvov Té Pepouere
odpara, 70 8¢ perafd yhs xai vév dovpwv adpa,
fewphoavres dv 6 viv Seucdueva Bua T@v paby-
pdrov lkavds lows &v dradoavre Tadrms rhs
nwaduchs 88€ns Aav yap dwdody 76 voullaw puxpoy
rols pepéfeqw elvar vdv ¢epoudver Exaorov, 8r
dalveroar ewpotiow évreblfer Huly odrws. elpyrar
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Bewpipiaoy Adywuey 8¢ 7dv adrdv Adyov xal viv.
el yap 7d Te SaoTHuara w)\'rquz 7upds Kol T oo~
pora ovvéorneer éx mupds, wmaiar ¢poilidor dv fy
écaoroy T@v dMwv orowyelwy. dAda pay Vd dé-
pos ye pdvov mhjpry modd yap av dmepBdAdor Tiv
lodmyra Ths xowds Gradoylas mpds Ta odororya
sapate, xdv € do ororyeiwy wAjpns & peralt
yis 7€ rai ofpaved rdmos durlyr odddv yhp s
elmelv pdpiov & s yis domv 8ywos, v & ouvel
Mynrar way kol 70 ol Udaros wAffos, mpos 76
mepuéyov péyefos.  dpbuev 8 odn & TogoiTe
peyéfer yiyvoudmy riy ﬁwepo;gr‘)v TG Syrev, Sray
& J8aros anp ydvyrar duakpbevros % wip € dépos
dvdyrn 8¢ rov adrov dxew Adyov By €xa 76 rooovdl
xal pikpdv Bdmp mpos Tov €€ advob wyvduevov
dépa, xal Tov mdvre wpds 8 wdy GBwp. Budépe
3 od8ev ol & ms dijoe pév pd yiyreohou Tabre
¢ dAfhwy, loa udvror mpy Odvaumw elvar koTd
rolitov yap Tov Tpdmwov dvdyin v lodrmra s
Buvdpews dmdpyew Tols peyéfeow adrdv, domep

¢ Perhaps Heraclertus, as he 15 defimiely referred bo at
b 34 {zee nole 3,

¥ Heracleitus believed the sun was the sie it looks to us,
" about & fool across 3 Dnels 23 A 1 (141, 12}, 22 B 8.

14



METEOROQLOGICA, I. m

other hand those® who mantain that not only the
bediesinmetion but ako the element surronnding them
are com%osed of pure five, and that the space between
the earth and the stars is filled by air, would perhaps
have ceased to hold thig childish opimon if they had
studied what mathematics has now sufficiently
demonstrated. For it is too simple to beleve that
each of the moving bodies is really small in size be-
cauge it so appears to us when we look atb it from the
earth.® The matter is one we have already discussed
in our consideration of the celestial region,® but let
us repeat the argument again here, If the intervals
betweem the bodies were full of fire and the bodied
also composed of fire each of the other elements
would long ago have disappeared. (8} But neither
can the wmtervals be full of air alone : for air would
then far exceed #s due proportion in relation to s
fetlow elements, even if the space between earth and
sky were filled with two elements, as the bulk of the
earth, including the whole mass of water, is, we may
say, a mere nothing when compared in size with
the surrounding universe, But in fact we see no such
excessive disproportion of masses when air is formed
by separation from water or fire from air: yet any
small quantity of water of gven volume nust neces-
sarily bear the same proportion to the anxr which &
formed from it, as the total aggregate of air bears
to the total aggregate of water. And this sbill holds
even if you deny that the elements can be trans-
formed one into another, but say that they have equal
powers of action ; for on this argument certain quan-
tities of them must be equal in powers of action just

¢ De Casio 0. 7 (sters and surrounding element not fire),
ibid. 11, 14, 297 b 30 £, {the smaliness of the earth).
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& JFf De Gan. of Uorv. 3L 6, esp. 333 a 16-27, where Aris-
totle argues that if the elements are mutvally comparable
{a.7. by any form of measurement) they must be mutuall
fransformable. For the reference to Empedocles see Die
31 B17, L 27,

* Thig is & problem because Aristotle believes the stars
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METROROLOGICA, 1 1

a5 they would be if transformation were possible.®
It is clear therefore that nexther air nor five fills the
space between earth and the outermost heaven,

It now remains for us to diseuss and give cur soly- & Twe
tion of two problems-~what pesitions these two, g;’ blemas -
that is air and fire, occupy m relation to that of the hion df ax
first element, and what 1s the cause of the heat that E Teat
reaches the places in the neighbourhood of the earth Fom sten.
from the staxs in the upperregion ? Let vs therefore
deal with air first, as we proposed, and then proceed
to deal with these problems,

If water 1¢ produced from arr and air from water, (8 ap "
why ate no clouds formed in the celestial region * Sucust
The farther the regron from the earth and the lower ‘ﬂfngfm;?
its temperature the more readily should clonds form sloids farm
there : and its temperature should be low because B0 IPLer
it is not so very near to the heat of the stars nor to weht |
the rays reflected from the earth, which by their heat *°°
break up clond-formations and so prevent clouds
gathering near the earth—for clouds gather where
the rays begm to lose their force by dispersion m
the void.

Bither then water 18 not naturally produced from ( Totzo-
all air, or, if it 15, what immediately surrounds the vetian.
earth 1% niot air simply but a sort of vapour which can
condense into water agamn.® Butif the whole expanse
of the air is all vapour, then the amount of the sub-

{with which of course be includes the sun and planets} are
not made of fire and so not hot: ¢f. note 6 en p, 15 above.
2 Two allernatives : #ither there ae two straiz of air, one
{the lower) of which will condense and form clouds and one
of which will not, or all arr will condense but the stratum of
atr 1mmediately round the earth coniains an admixture of
vapour so that clouds form more readily m . OF. Alex. 11
31 f., Phil. ad 840 a 32.
17
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* 0T, takes this to refer W “the region hetween air
%hoperly so called and the moon ™ : w0 also Ideler (1. p. 346).
is seemms very unnatural, Alex., Phul. and O el take i
to refer to the celestial region and the fifth element, as does
alse Heath, dristarchus, p 228 : and I have followed thesr
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METRBOROLOGICA, L.

stances air and water will be unduly large: for the
spaces between the heavenly bodies must be filled
by some substance, and if this cannot be fire becauge
everything else would have been burnt up if it were,
then it must be air and the water that sarrounds the
earth—for vapour is evaporated water.

So much then for the dificulties involved-—Iet us gy soln-
now give our own statement of the matter with refer- 525 4
ence both to what we have already said and to our sphers
fotere discussions We meintamm that the celestial ﬁm,
region ag far down as the moon is oceapied by a body
which i different from air and from fire, but which
varies 4n purity and freedom from admixture, and
is not gniforn in quality, especially when it borders
on the air and the terrestrial region.® Now thy
primary substance and the bodies set in it as they
move in a circle set on fire and dissolve by their
motion that part of the lower region which is closest
to them and generates heat therein. We are also led 8, Twe
to the same view if we reason as follows: The sub- mtgﬁ:‘;z
stance beneath the motion of the heavens is 2 kind
of matter, having potentially the qualities hot, cold,
wet and dry and any others consequent upon these
but it only actually acquires and has any of these
in virtuz of motion or rest, about whose originating
cause we have already spoken elsewhere.® 30 what
is heaviest and coldest, that is, earth and water, sepa-
rates off at the centre or round the centre : immedi-
ately round them are air and what we are accustomed

interpretation, taking pdys: to mean “ down as far as ” and
the siEpe to be the element.
¥ De (Fon. et Corr. il 2-3.
¢ Ibid. 3i. 10, where the sun’s sanual movement in the
ecliptic i3 stated to be the effivient canse of terrestrial change.
(J4. 341 a 12 below, and ch, 2, noteson p, 8
Y
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8id ouwmifeuy wahobuey mip, odx dori 8¢ wip:
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drullar e ral dvabvulaow fyew vis, vo 8¢ dmép
robre Bepudv 70y xal Enpdv. Eorw yap drullos pév
dois Sypdy xal fuypdy,' dvalupdoews bé Beppdy
xal fnpov kol Eory drpls pév dvrdue olov Hdwp,
s0 dvafuuloos 8¢ Svvdper ofov wilp. rof pév odv &v
@ v 76me pay ovvigraabar védn Tadrny drody-
wréov alriay elvar, S odx éveorw dnp udvoy dAAG
pdddov ofov wip. oUddy 8¢ wwhder xal 8¢d
fftfx?ﬁg? gﬁcpdfv Kw}:ﬁecﬂm‘, av::fwao@ac 116'957; év 9
avTEp TOMQ' pely yap avaykalor Qmovra Tou
35 kifxAw dépa, Scos uay dros Ths mepdepelas Aap-
Bdverar Tis dmaprilodons dore ¢y yiy odou-
poadfi elvar mlcav: palverar yhp xal viv § rév
dvépwy pdveos dv rois huvdlover Témos ThHs vijs,
i kol ofy dmepfdMew ra wveduore rdv VmAdv
dpdv. pet B¢ xvrAw Siud 76 ovvedddneobar 7§} rob
Shov wepupopd. 10 uév yop mip 7@ dve ororyelw,
TP 8¢ wupt & dvp ouvexrs o dore xal Suo
xivnow kwberar cvyrpiveolar els Hdep, GAX del
1 ]
Thuf:txfugsﬁév%jf‘?ebﬁsgétfmsmm’ B 109, no 4, OF, of.

# % agree with Ross that the logic of the passage regnes
Juypdr here. The ¥ part of what we call air ” immediately
surrounding the earth Is messt and hot because 1t s drpuly
{most and cold) plus drofupless {hot and dry). 860 a 23
speaks of drufs as wet and cold and 367 a 34 ymphies the same,

e ten, ¢f Core. 330 b 4 speaks of air as hot and moist,
addmg ooy druts vap & ddp. But I do not think this neees-
sarily 1mphes that drpis 13 hot and mowst s air is olov druls,
not the same thing as dvuls, and the present passage seems

20
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METBOROLOGICA, 1

to call fire, though 1t is not really fire s fur fire is an
excess of heat and a sort of bailing, Bud we must
understand that of what we eall uir the part which
immediately swrrounds the earth is mowt and hot
because 1t is vaporpus and contains exhalstions from
the earth, but that the part above tins 1s hot and dry.
For vapour 15 naturally moist and cold ¢ and exhala-
tion hot and dry: and vapour 1 potentially like
water, exhalation like fire. We must suppose there-
fore that the reason why clouds do not form in the
upper region 1s that 1t contains not ar only but rather
& sort of fire. At the same Uime there s no reason v, Motwop
why the formation of clouds in the upper region F2°
should not also be prevented by the eircular motion.
Yor the whole encirchng mass of air must necessarly
be 1 mohion, except that part of 1t which is contaied
witlun the creumference that makes the earth a
perfect sphere.? (Fhus mn fact we find that winds
rise 1n low marshy distriets of the earth, and do not
blow above the highest mountains.) It moves in a
circle because it is carried round by the motion of
the heavens. For fire ©is contiguous with the element
1n the celestial regions, and arr contiguous with fire,
and ther movement prevenis any condensation

to unply that air combines the characteristics of druls and
dvabvpiams, while the * fire * that surrounds 1t has those of
drafupinms only : of Ross, Aristotls, pp, 109-110, and the
rote on the arrangement of the elements at the end of this
chapter,

*‘pThe earth 15 not a perfect sphere because of the moun-
tains and valleys on its surface. The ' ciroumference that
malkes the earth a perfect sphere ' will have as #s radius the
distance from the centre of the earth to the top of the highest
mountams.

* ne Y what we are accustomed o call fire ™ 340 h 22
above,
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e t.s. of fire surely, not ** air ™ {0.7.). The point of the
age (a 5-8) s that the terrestrial r 10:: outside the
ghmt mountains) has an u%pcr layer of " and a lower
of “ air ™ and thet alr and fire are in a constmt pracess of
change one into other. &Ma (L 6} . . »oaupl (LT} re,fers
to the change into fire: zo AW del {) %epe'm.t .8
must refex fo the change back to ajr or é‘r}.&fs (cf T. note on
B * i.e. becomes druls ™) Aristotle nses udpuny withe
out further qualification because he is apparently thinkmg
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METROROLOGICA, I m

for any paiticle ¢ that becomes heavy sinks down,
the heat i it being expelled and rising info the upper
region, and other parficles in tura are carvied up with
the fiery exhalation: thus the one layer is always
and continually full of air, the other of fire, and each
one of them ig in constant process of transformation
into the other,

These then are the reasons why clouds do not form
and why the air is not condensed into water, and this
1 the correct deseription of the space between the
stars and the earth and the substance with which
1t is filled.

a. Ateparate and exact account of the heat gener- 3 &) Hent
ated by the sun’s action would be more in place in a JukIehe
treatise on sensation ? (for heat is a sensible quality) : dwe totve
but we may explain now the reason why it is gener- =
ated although the heavenly bodies themselves are net
naturally hot. We gee that motion can rarefy and in-
flame air, so that, for exarople, objects in motion are
often found to melt. The sun’s motion is therefore in
itself sufficient to produce warmth and heat: for to
produce heat a motion must be rapid and not far ofl
The motion of the stars israpid butfar off: that of the
moon close but slow: but the sun’s motion has both
required characteristics to a sufficient degree. That

of the substance, which fills the region, as o whole, and
aagmg that any patt of 1t that becomes hesvy sinks, while
other parts * rise with the exhelabion ™3 5o the 01 Con~
siste of two strate each constantly chenging into the other.
Thus zir and fire are {a) in constant eircular mokion, (3) m
constant process of mutual trensformation. !g;g;s presumaht
due to (a?(this 1 take to be the force of the 341 a §), an
the non-formation of clonds dne to (@) and (3 and to (4}
through (3).

® No sueh account 1s to be found either in the De 4dnima
or in the D¢ Sensu.
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&rraifa rév Bla depopdvuw & mhnodlwy anp
pdhiore ylyveras Beppds.  ral rofr’ edAdyws ovp-
Bulver pdhiora yop 7 Tob orepeol Siaxplvar rimous
atrdy, Sud Te radmyy oy T alriav déikveiror
30 mpds Tévde rov rdmov 4 Beppdrms, rai Bid T6 w0
nepréyov wip Tov dépe Swappalveclar Th wurjoe
modddus wal Pépeabar Blo rdram.

Tmuciov 8 lkavdy m & dvew Tdmos odx &om
Bepuds o0 érmemupmpdvos rai af Swadpofal TV
dorépwv. éxel pdv yap o yiyvovres, xdre 8¢

35 Kkalror 7o pdddov rivodueva xai 8&rrov, éxmupolirai
Barrov. wpds B¢ wodTois & Hhos, Semep pdMhora
etvar Soxel fepuds, daiverar Aevxds A od wu-
pddns dv.

s (0f. with this account D¢ Caelo 1. 7, 280 o 20 £, 'The
“ar ™ which 1 ygnited by the motions of the sun and stars
15 the fiery layer of air referred to above, 840 b 24 ff, i
described as Sréeaupa and as " fue " in ch. 4 below, 341
b 14 £, The chief difficulty in Aristotle’s account seems to
be ihat this * ar ' 1s stnictly speaking only m contact with

the innermost of lhe spheres of the celestwl region. My,
Guthrie {Anstotle, On the Heavens, L.C.L. p. 179) suggests

NOTE ON THE STBATA IN ARISTOTLES
UNIVERSE

The foliowingr note on the arrangement of the elements and
the strabfication of lhe stmosphere m Arnstotle’s natursl
philosoghy may be useful at this pomnd.

1. The FElements. There are five elements. The fifth
element 15 the materfal from which stars and planets and
the spheres which carry them are made. These constitute the
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the heat iv increased by the presence of the sun s
easily enough explained by considering anslogres
from cur owi expenience : for here too the airin the
neighbourhood of a projectile becomes hottest. That
this should be so is easily explicable, for the move-
ment of a solid objeet disintegrates 1t most. This
then is one reason why heat is transmitted to the
terrestrial region.® 7 Another reason is that the fire
which smrounds it is frequently scattered by the
motion of the heavens and forably carried downwards.

(A sufficient proof that the celestial region 1= not
hot or flery is provided by shooting stars  For they
do notwriginate there but in the terresizial region :
and yet the longer and more rapid 1ts movemnent the
more rapidly does an object cateh firet A further
proof is that the sun which appesrs to be the hottest
of the heavenly bodies is bright rather than fiery in
appearance.)

that Aristotle perhaps ** saw & way of escape 1w the thews
that the fifth element exists in punty only at the outer
exireme of the universe, and gets mote and mere con-
tamunated at ifs lower levels ” (of, ahove, 340 b 6).  See also
Heath, Irsfarchus, p. 242,

> And so if the celestis] sphele could cateh fire it wonld,
o its motion 15 fastest of all. This Jast paragraph 1o an after-
thought or footnote to the last section of the argument and
has been omitted from the analyss at the head of the chapter.

Celestial or Heavenly Sphere, the oulerinost layer of the
Universe: Fig. I, » {p. 26}. Beneath the Celostinl Sphere is
the Terresirial or Sub-Lunar Sphere (the moon being the
mnermost of the planets). Celestial and Terrestrial spheres
are contignous and the Celestial 18 the somce of motion in

the Teirestrial: ¢f. ch. 2 above, 3802 21 £
In the terrestriz} sphere the fom feuesial elements are
arranged 1 concentric spherical strata, with esrth at the
centre {¢) and water, air and fire above in that order {4, ¢, b).
25
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But this stratificabion 1w not nimd. Dry land rises above
water, and fire burns on the earth; and m addihon all fom

Fig. ¢

elemenis are in constant process of change one nto the other
(of. De Gem. ¢f Corr, 4. 4 and 341 & 5, with ¢h. 3, note o
on p. 22, for the constant interchange of * air " and “* fire ™).
The four concentric spheres repiesent, rather, the © natural
places "' to which each of the four elements naturally move
and m which the main bulk of each 15 found.

But ““ air ™ and * fire " are stll further sanslysed in terms
of Aristotle’s theory of * exhalations.” This theory {5 men-
tioned in this chapter, 340 b 28, and recurs constently
thronghout the work: e.g. ch. 4 and Book II. ch, 4, The
earth when heated by the sun gives off two kinds of exhala-
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tion, one hot and dry, from the earth itseif (the moeyuardidys
ol xomvddns dvefupbems of ch. 4: often called dvafiplacs
aam%l}'}, the other cool and mewst, from the water on the
varth (drufs). The outermost terresinal stratum (b} fo whach
Arsstotle often refeis as * fire,” is, strictly speaking, com-
posed of the hot-dry exhalation, which rses above the cool-
moist: it 15 & highly inflammable material (Swéicxaupal,
winch 15 the materal of which shootz;zg stars, efe, are com-
posed {ch. 4 below} and which 1s igmted fo produce the sun’s
heat {841 b 10 snd notecon p, 24}, The inper stiatum, ¥ air,”
15 composed of & misiure of the two exhialations, and is there
fore hot and molst: cf. 340 b 28 and ch, 3, note g an p, 20,
It is the material from which cloud, 12in, ete. are formed.

2. Btratification of the .dimosphere. There are thus two
main strata of what we may call the atmosphiere, “ air ™ and
“ fire.” Buatwithm the sphere of air there are certain further
differentiations. {a) Clonds cannot form beyond the iops
of the highest mountaing : for the air beyond them is sarred
round with the celestial motion and clonds cannot therefore
form sn it (340 b $8): of. 361 & 29 for the celesiial motion
being imparted fo air. (#) Clouds also cannot foum close to
the earth, becauss the heat reflected from the earth prevents
it (340 a 31).

We thus reach an arrangement tlustiated in Fig, 2, where
m-m-n gre the mountain tops and the stratum s-a 1 the
stratum 1n which clouds can form.

Fig. 2

Bt Arstotle is not always consistent and it is difficuli to
see where the calm region * nesr the earth * in which haloes
are formed (373 & 23) is siated,
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CHATTER IV
ARGUMENT

The subject of the chapter 1¢ " burning figues, shooting
stars, torches and goots,” dufferent hinds of meteorie pheno-
mene, ueth whweh Aristotie rightly closses so-colled shooting
stars (341 b 1.5). These are due Lo two couses. (1) There are
fwo kands of exhalotion that rise from the earih, one veporous,
one dry and hot. The dry and hot evhalgtion s hghter and
rises to the iop, forvung a sheath of *' fire” round the
terrestrial sphere, the movre vaporous exhalotwon or “ air 7
Bysmg befow if.  Though we weust call it fire for lnck pf o better
word of we not fire wn the ordinary sense, but rather a hand of
wflanemnable gterial (Smwécravpa) (3415 5-22),  This mflam-
mable matersal 18 hable, when set in motion by the celestal

TFotreww 8¢ Buspoudvar, Mywuer 5id iy alrioy
ai re PpAdyes al warbuevar galvovras mept Tov ot
pavdr kai of Swaféovres dordpes wai of waloduevos
Imd Twaw dudol xai alyes Tadra yip wdvr’ éoriv

570 adré kai Sud Ty abriy airiay, Saddpe 8¢ TR

uéMov wal frrov.

*Apyh 8¢ éomw xal Tovrwv xal woAAdv dAAwv
noe.  Beppawopdms yip Ths yis dwo rod HAlow
v avabvpioow dvayxaiov yiyveolar ps) dodiy, ds
Tives oborTar, GAAG Surdfjy, iy pév drudwleorépay
iy 8¢ mrevparwdeordpov, vy pév vof & rf ¥i

10 kal ém vf yf Sypold drulda, Ty § adrfls hHs vis

otiays émplls womveddn kel robrwy THy pév mveu-
parddn émmoddlew %L& 70 Beppdy, v 8¢ fyvpo-
répar DploracPas 8:6 +6 Bdpos. kel $i& Tabra
Tobrov 10y rpdwoy wexdopnTar 70 wépfr mpdTov
pev yap Smd T yadichiov popdy domy 76 Gepudy
28
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CHAPTER IV
ARGUMENT (confinned)

sphere wmmedwtely above 18, fo burst into flames. The par
tenlar hind of meteorie phenemenon produced depends on
the posibhion, amount and consigtency of the wmflgmmabis
matersal qvodahle (341 b 22-35). () Thess phenomeng are
also caused by heal baung eyected foresbly downwards by pres-
sure, when ay condenses gunng to cold %,3-11 b 835342 4 18).
Cause (1) operates wn the upper atmosphere, cause (2} w the
fower., The direction talen depends on the postion, efe of
the exhalgdon, which 15 the moterial canse wn otk eases, the
efficient i (1) being the heavenly motwon, tn {2) condansation
(giz 5 16-80), Al these phenomena take place below the moon,
a8 their motion shows (342 a 30-33).

Havmve taid down these principles let us now explain supesti—
what is the canse of the appes:ance of burning flames g‘gﬁgﬁ"ma
1n: the sky, of shooting stars and of what some people

call ¥ torches ” and © goats,”  All these phenomena

are the same thing and due to the same cause, and

only differ in degree,

Their origin, as the engin of many other pheno- Caused (1)
mena, is as follows. The exhalations that anse from Eﬂfﬂﬁﬁa
the earth when it 1s heated by the sun must be net, '
az some think, of a single kind, but of two kinds ; one
is more vaporous in character, the other more windy,
the vapour arising from the water within and wpon
the earth, while the exhalations from the earth itzelf,
which is dry, are more like smoke. The windy exhala-
tion being hot rises to the top, the more watery
exhalation being heavy sinks below 1k, And there-
fore the region round the earthis srranged as follows
first, immediately beneath the circular eelestisl
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341b

16 Kod Enpdy, 8 Ayouer mip (dvdirvpor yap 76 Kowdy

émt mdons THs kamvabovs Siaxploews Opws B¢
k) A /? L4 % H ! 9
Su& 70 udhore medurévar 16 Towolirev érialeobor
Tdy cwpdtoy otros dvayralov ypfodar rols ové-
poow), mé B¢ radryy Ty bew ddp. B 87
vofjoar ofoy Imékravpa volro & viy elmoper wip

2 meprrerdofar Ths wepl T vy odaipas Eoyurov,

:

&

dore pwpls kunjoews Tuyoy éxxateofar modis
domep 10y kamvdve Eori yip 7 AL wrveduaros
~ 4 # ko 4 k] ’ ¥
fnpoll Léms. 7 Qv ofv pdhwora edralpws & 4
rowatry odgracts, Srov Pme Tis wepupopdy wuwnlf
wens, éxrderac.
Asapéper 8 480 xard v Tob drennadparos Féow
5 9 16 wAffost &v pév yap mAdros é'xg? xal pfjros 70
LA z L 2 L] o
Smécravpa, morddus SpdTar katopévn PAGE domep
H ¥ ’ ks L] 5 L] ~
év dpovdpa Kawopdvys radduns, éov 8¢ ward pdixos
pdvoy, of xalotuevor Serol wal alyes wal dovépes,
[8dv wév mréov 16 dréwravpa § xard 6 ufros %

70 mAdros,]! drav pdv odV’ dmoomudnpily dua

kawdpevoy (robro 8¢ yiyverar dd 70 wmapermu-
pofioBar, xard pkpd pdy, én’ dpxnp 8€), alf ralel-
* dow . . . mrdros seclust. * olw N: olov Fobes.

o OF. 340 b 2527 above. ¥ Cf. 340 b 28 above.

° I have bracketed &dv udv {28} . . . 7¢ mAdros (20) as a
gloss on were pfres (27). 'E.l{he words appear in all the nes,
snd m Phl. and Alex. with some valiations (v, Fobes’
apparatus) : bui they are not requived by the logic of the
passage and only serve o give it a rather confused appear-
s.nceaﬁcj. Ideler 1. pp. 868-870) They do in fact explam the
meaning of xerd pfros, which is a somewhat odd phrase,
but which mnst mean, I take xt, * with greater lenggl than
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motion comes & warm and dry substance which we
call fire @ {for we have no common name to cover
every subspecies of the smoky exhalation: but
beeause it is the most inflammable of all substances,
we must adopt this nomenclature) ; below this sub-
stanece comes air. Now we rmust think of the substance
we have just called fire as extending round the out-
side of the tervestrial sphere Yke a kind of inflammiable
material, which often needs only a little motion to
make it burst into fames, hke smoke: for flawoe is
the boiling up of a dry current of giv.! Wherever then
conditions are most favoursble this composition
bursts into flame when the celestial revolution sets
it in motion.

The result differs according to the podtion and whee
quantity of the inflaramable material. If it extends §iTvent
both lengthwise and breadthwise we often see a tauss
burning flame of the kind one sees when stubble is phmnfm
being burnt on ploughland : if it estends lengthwise
only, then we see the so-called torches and goats and
shooting stars. When ° it throws off sparks as it
burns {which happens when small portions of matter
catch fire at the side but 1o connexion with the main

breadth V-8 we talk of a “long ob%m : so Alex, 21.1 b
{ef. Phul. 58. 20, 28) mterprets it. The bracketed words
might have been & gloss to explam an odd phrase and have
found their way into the text later. If we omrt them, and
read ofv 1n L 29 with N, we have & passage whose logie &8
fairly clear, and which may be analysed as follows: Fl} &
udv php whdros &g xal pfices, (25} . . $ALE {2) dbv 8¢ kard
pfikos pivor (B7) . g:l!\ol wal alyes kat derdpes, (@) frav
név offe (20} . . . af{, (b) drav 8 dvev rorrov (SQSK.; . BaAds,
{#) ev 85 (38) .  dorépes  The omited clavse 15 thus quite
unnecessary to the logie of the peassage, whieh 1t merely
serves to confuse by repeating what has already been stated
in word pixes.
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rau 16 Gepudy, 8ud wal Eoxer 4 Poph phfiee pudAdov
odr@y, AN olx dxxadoe. arophioete vop dv Tis
wdrepov domep 1 Uwo Tods Adyvovs rillepérn dva-
5 Buplaots &md s dvewley proyos drmrer Tov kdrafey
Adyvov {Bavpaory yap kai rodrov 7 Taxurys donw
kal dpoia phper, dAX ofy s dAdov xat dAdov
wiyvopdvoy mwupds), 5 plfets ol adrob rvos od-
pords elow al SaSpopal. doke 8% B¢ duder xal
yop obrws ds 1§ Gwd To8 Miyvou ylyveral, xal éna
10 0ue 76 éxOABevbor purTeiTal, Gomep ol ék TEw
BaxTvdwy nupfives, @ore xai els ™y yiy kal €ls
™ fdAarray gaivesfar wimrovTe, ral wikrwp kol
ped Hudpav ral alfpias ofions. rdrw 8¢ pnreira
$ia ro Ty wixvwow els v kdrw pémew iy dr-
wloboov. Bid kal of wepowvor kdvw wimTovew™
18 mdpTwy php Todrwr ¥ yéveoms obk dxravois 4AX
€xnpiorg 016 ris dxlAbfedss orw, émel xard ddow
ve 16 Oeppdv dvew mdduxe Pépeolur mav.

! suépny Blusr w1 T N Ideler: pden Plp Fobes.
Erof wupds drw depopdrov nard ¢lor post almrovow
habenl Pl Fobes : om. coeﬁi

¢ So the OUT., followmg Alex. 21, 20, Phil. 59. 87 ff
ideler and Saint-Hilaire take the words fo mean “ when
consumed bit by bit, but entirely.”

# I have omitted the words Tof mupds . . . ddow {o. crit.
note} becanse they do not seem o add anything to the passage.
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body ) it is called a goat: when this charscteristic
is absent 1t is called a torch: and if the parss of the
exhalation are broken up small and scattered in many
directions both vertieally and horizontally, then what
are commonly thought to be shooting stars are pro-
duced.

Sometimes then the exhalation produces these @ Pr oo
phenomena when ignited by the heavenly motion. ofair o
But sometimes heat is ejected by pressure when the
air coniracts owing to cold ; and then they take a
course more like that of a projectile than of a fire.
For one might be uncertain whether shooting stars
are the fesult of & process like that in which, when
one lamp i placed beneath suncther, the exhalations
from the lower one cause it to be ht from the flame
of the upper (the speed with which this takes place
is extraordinary and resembles the action of a pro-
jectile rather than of & train of fire}, or whether again
they are caused by the projection of a single body.
Probably both causes operate, and some of these phe-
nomena are produced in the same way as the flame
from the lamp, others are shot out under pressure,
as fruit stones from the fingers. And we see them
falling onto the earth and into the sea, both at night
and by day, from a clear sky. They are shot down-
wards because the eondensation which propels them
has & downward inclinatior. For this reason thunder-
bolts toe fall downwards : for all these phenomena
are produced not by combustion but by projection
under pressure, since naturally all heat tends fo rise
upwards.?

Aristotle says the same thing 1 1L 15-16, which surely makes
the words superfinous here : and Pl seems the only authonty

for them.
c a3
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“Ooa pév oy [p@Ador]' & 1@ dvw® rémy cvv-
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9 {m the readings in ). 17 the O.T. has the following note
*Omit pdddor snd read dve with E and the lemmas in

CHAPTER V
ARGUMENT

The aurora borsalis 18 due to the condensation of air, This
may produce the phenomena mentioned in the last chapier ;
34
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When therefore formation takes place in the upper Summary
part of this region, the phenomenon is produced by
combustion of the exhelation ¢ : when in the lower,
by ejection consequent upen the condensation and
cooling of the more humad exhalation, which inclmes
downwards when it condenses and as it contracts
propels the heat and causes it to be shot downwards,
The motion is upwards, downwards or sideways ac-
cording to the position of the exhalation and whether
it happens te lie vertically or horizentslly. The
motion iz most often sideways because it is a com-
bination of two motions, an impressed motion down-
wards and a natural motion upwards, and bodies under
these conditions move obliquely.? Therefore the
movement of shooting stars is commeonly transverse

The material canse then of all these phenomens
18 the exhalation, the moving cause in some cases the
eelestial motion, in others the condensation of the air
as it contracts, And all of them take place below the
moon : a proof of which is the fact that the speed of
their movement is comparable to that of objects thrown
by us, which seem to move much faster than the
stars and sun and moon because they are close to us
Qlympiodorus. pdMer and the superlative dvordrw are ex-
planafions of dwew.™  So alsc 15 Alex.’s awordpe

¥ As Thurot (p. 84} points cut, Aristotle’s mechanics here
are at fanlt,

CHAPTER V
ARGUMENT (continued)

but mdy also, when. ¢ fakes place fo a lesser degree and when
the air w8 also I up by reflectron, produce the various phens-
wmene of the aurerg.
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(The 0.7, supposes that the chapter deals with ™ phenomens
of eloud eoloration.” Ideler says i deals with the aurora
and produces evidence that this can be seen as far south ge

Palverar 8¢ mwore ovmordueva vikrwp alfples
ofions woddd ddopara & 7@ ovpav@, olov ydopard
re wal BéBvvor ral aluarddn xpupora. alrioy 8¢
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dxmvpwaw oTé pév TowadTy yiwesbal doTe PAdya
Soweiv xaleafai, oré D€ olov dadods dépeabar xal
dorépas, ovdév dromov el ypwuurileras &, abrds
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Te yap murvorépoy Siudawdpevor arrov pds ral
drdrdaow Beydueves ¢ dop mavrodamwd ypdpara
movfoel, pdlora 8¢ dowkody F mopdupody, Sid
8 raBra pdlore ék roll mvpddovs kai Aewxod
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olov dvioyorra 74 dovpa xal Svdueva, éav §f kabua,
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8¢ mouioet, ray 76 dvomrpov §f Towobrov Wore Ui
6 oxfiua GAXG 8 xpdpa Séxeclur. Tof 8¢ i
oAy ypovov pévew rabra 7 odorass alrie rayein
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Ta 8¢ ydouara dvappyyvupévov Tol dewrds du
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woMdxes 8 €k @y Towdrwy kal Sodot éxmrimrovow,
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¢ I have iransisted owiorecfm ete. *° condenze,” * con-
densation * {with O.T.) because 1t seemed to make the best
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Grreece aad g0 nught he hnown fo Aristoile (i 9. 374) + Heoth,
Anstarchuos (p. 248), also supposes Aristolls 1z veferring here
to the qurord.}

SomwriMes on a clear night a number of appearsnees
can be seen taking shape in the sky, such ag ** chasms,”
“ trenches " and blood-red colours. These again have
the same cause. For we have shown that the upper
air condenses ¢ and takes fire and that its combustion
sometimes produces the appearance of a burmng fire,
sometimes of “ torches ™ or stars in motion ; itisthere-
fore to be expected that this same air 1 process of
condensation should assume all sorts of colouxs, For
light penetrating more feebly through a thicker
medmm, and the air when it permits reflection, will
produce all sorts of eolours, and particylarly red and
purple + for these colours are usually observed when
fire-colour and white are superiroposed and combined,
as happens for instance in hot weather when the stars
at their rising or setting appear red when seen through
a smoky medium. The afr will also produce the same
effects by reflection, when the reflecting medivm is
such as to reproduce colowr only and not shape. The
cause of the brief duration of these phenomena is
that the condensation lasts for a short time only,
Chasms have an appearance of depth because the
light breaks out from a davk blue or black back-
ground. Similar conditions often cause the fall of
“ torches " when there 13 a greater degree of eon-
densation ; but while the process of contraction is

sense. The word can bear this meamng é?ﬁ 342 a 1), and

sruicvordpor L & and ovypkmbf L 1T seem to indicate thatit bears
it here.
‘The afror . . . 78 adrd of the previons sentence must then

refer to cause (2) of the last chapter.
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¢ Thurot (lp. 90} finds these words (cumdy . . « Soxel L, 17+
18} " nmnteligble,” and suggests reading avwdy 8¢ v <féfves
elvae 167 ydopa Soxel, & sug%;a&.tmn which the 0.7, adopts and
transiates “ When the ‘chasm ’ contracts 1t preédents the
appearance of a * trench.’ ™ This has the advaniage thai i
provides us with s definition of the Séfwes 1 342 a 36, which

CHAPTER VI
ARGUMENT

Comets, A, Previgus mews stoted and critinsed. (1) .4n-
avagoras and Demoerius—Comets are due (oo conpunetion of
planets (342 b 27.29). (2} (a} The Pythagoreans beltere Bt
comets are o planet which only appears at long intervade (342 b
20-35). 2 (h) Hippocrates and deschylus agree, but suppess
that the tailis due to reflection of the sun wn morsture qitrarted

senes  Ilept 8¢ 7@v wounrdv kai o8 kadovudvov yd-
Aaxros Adywuev, Siamoprioarres mpds Td wapd Tév
dXAew elpnuéva mpdiTov.

*Avafaydpas udv ofv kai Anpdipirds pacw elvar
r0¥s KopTas obpbacy Tdv mAavdrwy dorépwy, Srav
8id 70 mAnoloy éMBely 8dfwor Buyydvew aAMSAwr.

30 Tévd "Trakwdy rwes kadovpévar Tuvbayopelow
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gomg on achasm appears.® In general, white thrown
on black produces 2 variety of colours, as does flame
on smoke. In the day time the sun prevents ther
appearance, at night all other colours except red are
lost beeause they provide no conirast with the back-
ground of darkness.

These then must be assumed to be the canses of
shooting stars and fires and of other such phenomena
whose appearance 1s of brief duration ®
otherwise remein unmentioned. But it s not unkks Asstotle
to leave them unmentioned, particularly as they are swo
evidently smulay to ydopove ; and I have accordmngly Ieft
the text as it stands 1n Fobes, and taken gwmdr to mesn the
same as owiorduevos. This when read n conjunchion with

the first part of the sentence makes good senee,
* These last words sum up the contents of chs, 4 and 5.

CHAPTER VI
anoumenT {contmued)

by the comet . and add furthor explonations of its ifrequent
appeargnce (342 b 35343 a 20). Al these views are w-
carrect ; crifietsms, (1) of & (a) and (b} {343 a 20-b 8), (II)
of't and 2 jointly (343 1 7-28), (LT} of 1 (343 b 25344 2. 2).
With thie chapter of Heath, Aristerchus, pp. 243 F.

Ovun next subjects are comets and the so-called milky
way. Firet let us examine the wiews of others on

these subjects
1. Ansxagoras ® and Dermocritus ? say that comets Previous

are a conjunction of planets, when they appear 10 1 Amsxar

touch each other because of their nearness. msogggm
2 {a). Of the Italian schools some of the so-called {‘% The
¢ Diels 5 A 81: A 1 (0i 6. 3). * fhid. g8 A 92, FYE -
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4B b 4 !, L ) -~ 4 = s
&o Ayovaw adrov elvar Tay wAamiTaw dorépaw,
aMAe Sid modded re xpdrov v davraciar adrod
elvor kal 7oy OmepBody éml uuepdy, omep qup-
Badver xal mept 7ov Tob "Bppot dorépa’ Sia yip 74
ptpdy énovaBalvew moAdas éxdelmer pdoes, wore

35 818 xpdvou dalvesbar wodad.

Hopardnolws 8¢ rovrois xal of wepi ‘lwmos
s4a s kpdry Tov Kiov xai 7ov palnpely adrod Aloyddor
dmedvavro, whiy iy ye xbumy obr € adred
dagw Eyew, dMa mlavdpevor Sia Tov Témor
éviore AapBdvew draxdwpdvms #is juerdpas SPsws
drs s éAxopéms Sypbryros O adroll wpds Tov
s 9hov.  Sue 8¢ vo Dnodelmecfar BpadiTare TP
xpdvep Bia mAelorov ypdvov dalveoBar r@v dAAwv
dorpwy, d§ Oray éx radrol gavy SroAedeiuudvoy

% Ihels 42, 5.
* The mathematicsan, Heath, Greeh Maths. 1 pp. 182 £
Diels 42, 5. ¢ Jbid

% We normally speak only of the olyect being reflected by
the nurror to the eye: Anstotle here speaks of the sght
(16'«,6&9) being reflected by the muror to the object, g, !
Blustrates this theory of Hippocrates and Aeschylus {1 have
followed Alex. 27 and Phal. 77).

¢ Two veasons are given for the mfrequent appearsnee of
comets, {1} The planet ' 1a slowest of all in falling behind
{v. note £, (2) It does not scquire & tail, and so appear as &
comet, 1o every region of the sky, but only when s coutse
lies towerds the north.

? dmodelmeatar 15 the ordinary word for the apparent retro-

rade motwn of the planets, which seem  to fall hehand
the mohon of the fixed stars, And early cosmologies sup-
posed that this was in fact what happened, the stars mown
more guickly than the planets, whi::.l{J were consequently Ieg
behind and so appeared to have a * backward ™ motion of
therr own {Heath, lristarchus, pp. 108-108; (‘ornford,
Plato’s Cosmology, p. 1125 Alex. 27. 18). Alex. (27, 15 £.}
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Pythagoreans ® say that a comet is one of the planets,
but that 1% appears only ai long mterval and does
not rige far above the horizon. This is true of Mercury
too ; for because it does not rise far above the horzon,
many of iis appearances are invisible o us, and 5o it
is only seen at long intervals of thme,

2 (5. Hipﬁacra’ces ¢ of Chios and his disesple 24 Zop-
Aeschylus ¢ held views similar to this. But they Dosates
maintam that the tad does not belong o the comet Aeschyl.
itself, but that it acquives it when in s passage
through space it draws up mowsture whieh reflects

e s

RIS Ol =TT

DypdTns gﬁ""‘:*:::::_“‘
b
" Eye

g, 1

Sun's image reficcted 1n mowsture produces appearance
of comet’s tail,

our viston towards the sun. 1t appears at longer
intervals than any of the other stazs ¢ becaunse it is
the stowest of all in falling behind the sun,” and when
it reappears again at the same pomt it has completed

tales this to be the meanmg of the word here. But it n
dificult to see how this could account for the comet-planet
appearing more seldom; indeed, as Fhiloponus (78, £7) re-
marks, 1t would have the opposite effect. He accordingly
supposes (78) that drodelmentior here means not * fall behand
the stars " bat * fall belind the sun ™ ; and that this accounts
for 1is Tare appearance, becanse it remains for a long tune
too close to the sun to be visble. The snalogy with Mercary,
one of the slowest planets o this wiew, thus gamns pomnt
{Phil. 79. 35), Ideler (11.1&3. 385, quotmg Vicomercatus) and
Heath (p. 243} follow FPhloponus.
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maé}\ov rov davrod kbxroy: rrodeimeotor 8 odTov wal
wpos dprrov kal mpds vdrov. & uév odv v§ peraly
rémwey Tdv rpomklv ody €\cew 6 $Swp wpog
16 éauTdy Bt 76 xexabebor Omwo ris rod HAlov dopds-
apos 8¢ vérov drav $épyrar, Saideiar pév Eyear
rhs rowadTys veridos, aAAd Bt 10 puxpdy elvor o
Swép ThHs yis rufipa To8 kikdov, 7o §€ xdrw moA-
Aasrddaiov, o Stvaclar vy Sy rdv defpdimay
$épeolon xhwpdrmy mpds Tov fhov olre T 1po-
15 e réne’ whgedlovros ofr’ émt fepivals rpomals
dvros rol HMov- Budmep év rovrors wév rols vémows
ot yiyvealar koprrmy adrdv drav 3¢ mpis Fopéay
ﬁﬂoﬁeu;b&eis 10xn, Aapfidvery kéuny Sie 1o weydigy
ebvar Ty mepupdperay v dvewler Tol dpilovros,
76 8¢ wdrw pépos rob wikdov pukpdvr pudlus yip
20 1:?}9 B &y Gvbpdimrwv dipivelofar vore mwpos vou
AoV,

Héow 3¢ vodrows 76 uév kowf ovuminre, Ay
dddvara, T4 8¢ ywpis.

Tpdror pév odv Tois Adyovew dmu 7@v mAavw-
pévaw éoriv els dorépwv S xoprdryst of yap who
wuevor wdvres dv 7@ xUkAw dmodelmovran TG T

25 Lebleov, wxopfirar 88 moAdol dwpopdvor eloly &w

ot
i vdre By Huer 1 rpomied ofre 7 virp By 1 rpomind) offre

voriy
T véree X2 rpomind By verly vdwp Pl: (veriov pdpows Apl

¢ 1t 15 vistble only for a short penod and must complete
its “ backward ™ orbit and come back %o the same relative
pogition before it is visible again.

* Though the text 18 uncertain it seens clear what the
meamng must be. When the planet’s course falls south of
the tropics, then, though there s pleaty of moisture, reflection
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ity backward orbit.® It fails behind both to the north
and to the south. In the zone between the tropies
it cannot draw up water to itself because the sun in
its course dries up that whole region. In its south-
ward course it finds plenty of the requisite mmsture,
but as only a small segment of 1ty course 1 visible
above our horizon, the greater part of 1t being below,
human vision 15 1ncapable of being refiected as for as
the sun either when it appreaches its southern lmit
or ak the summer solstice.? In these regions therefore
it does not become a comet. But when it falls behmd
towards the north, then 1t gets ifs il because the
segment of xts course that is above the horwzon 15 a
large one, and the arc of its circle below the horizon
small, and when this is so, human vision can easily
reach the sun by reflection.

There are impossibilities in all these views, some
of which apply to all, others te some only.

(I} Let us fist deel with those who say the comet ¢nbicwms -
is one of the planets. (i} The planets 21} fall into %&ifm
vetrogradation within the zodiae circle, but many grens,
comets have been seen outsrde that eircle. (i) Again, sug.

15 impossible, either when the sun approaches the southern Acchylis
or the northern hmit of its course. We have the northern
m the summoer solstice {fepwats rpowais 1. 15) 3 and the words
rporued rdmey shonld define the southern, but as they stand
hardly do. virer or vorlp appears in somme Mss., and some
hrase with one or the other would pive the necessary sense.
%ut 1t 18 difficult to see exactly what the reading shouid be.
{Thuret's note here {p. 80) seeins to rest on & misunderstand-
mg. L b 47, to which he refers, can have no relation to this
passage, which states the econdibions under which comeis do
not appear : b 47 deals with conditions under which they
do and should be related to a 1720  The view that comets
eannet gppear 1a the south at the summer solsbice 1 ot 1n-

consstent with the view that they can appear then in the
no
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more than one comet has frequently appeared at
the same time {(m) Besides, if they owe their tafls
to veflection, as Aeschylus and Hippocrates say, the
star in queshon should sometimes appear without its
tail, since it falls into refrogradation in several regions
but does not have a tail in all of them ¢ ; but in fact
no planet has been seen other than the five, and all
of these are often wisible 1n the sky together above
the horizon, and comets have appeared with equal fre-
guency both when all the planets are visible and when
gome are not, being too close to the sun, (iv) Norsit
true that comets only appear in the northern part of
the sky when the sun i at the summer solstice.? For
the great comet, which appeared about the time
of the earthquake in Achaea ¢ and the tidal wave,
rose in the west.? And there have been many in the
south. And when Euclees, son of Molon, was srehon #
at Athens, there was a comet towsrds the north in
the month Gamelon ¥ sbout the time of the winter
solshice 1 and even the upholders of this theory ave
prepared to admit that reflection at such a distance
is impossible
(I1) Objections whick spply both to those whean Avgly-

hold this theory and also to those who suppose comets Hg %
are due to conjunction of two planets are (i) that some
of the fined stars have tails, And for this we need
not rely only on the evidence of the Fgyptians who
say they have observed it; we have observed it also
ourselves. For one of the stars in the thigh of the

narthern part of the sky ; the further condition * and at the
summer solstice * was omitted,

¢ §73-872 m.e.  Also referied to at b 18, 844 b 34, 368 b 6.

4 Lit * towards the eguinochal sunset,” of. ch. 13 below
and Hewdel, Frame of Greek Maps,

¢ 49716 B.q. 7 Jan—Feb.
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Dog had a tail, though a dun one : of you looked hard
at it the hght used to become dim, but to a less mntent
glance it was brighter. (ii) Further, all the comets
seen in our time disappeared without setting, gradu-
aily fading away in the sky above the horizon and
leaving behind neither one star nor more than one.
For instance, the great comet which we mentioned
before # appeared durng the winter m clear frosty
weather in the west, in the archonship of Asteius:
on the fivef night it was not vimble as it sef before the
sur did, but it was visible on the second, being the
least distance behind the sun that would aliow it to
be seen, and setting immediately. Its light stretched
across a third of the sky i a great jump,t as it were,
and so was alo called a path. It rose as high as
Orion’s belt, and there dispersed.

(111} Democritus, however, has defended his view (I o

vigorously, maintaining that stars have been seen fo
appear at the dissolution of some comets. (1) But
tﬁls ought, on his view, to happen not sometimes but
always. {if) And further, the Egyptians say that
there are conjunctions both of planet with planet and
of planets and fixed stars, and we ourselves have
observed the planet Jupiter in conjunction with one
of the stars in the Twing and hiding it completely,
but no comet resulted. (i) Besides, the theory can
be shown to be wrong on purely logical grounds. For
though some of the stars seem to be bigger, some
smaller than others, yet mdivideally they seem to
be indivisible ponts. As therefore, if they were
indivisible points, the addition of one to another

b slov dApa, * like 2 jump,” is an odd phrase: the alter-
aatrve reading dpps, * like a cord (or band),” is perhaps
batber.
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aégh ! -~ £r A ki 1 k1 T % 1
uéyefos petlov, ofirws wxal émedy ovx elow pév
sk n dalvovrar 3¢ édaiperot, xal owvedldvres otder o
voturar petlovs o péyefos Svres.
“Ore pudv ofv al Aeyduevar sepl adrdv alria
devbely ofow Tvyydvovowr, € py Sed mAelovwr,
AMAG wal Sid Todrww lkavids 3HAdY ot

= Anstotle regarded the geometrical point as ndivisible
{8dwdperov}y the hne ecannot be composed of points, the
point 15 1ok pact of the lme.  Thas the point has no magnitude,
and cannot increase or decrease a magmiude {¢ff Phys. v

CHAPTER VI
ARGUMENT

Comets (sontinued). B, Arisiotle’s own theory. Comets
hove two cruses. {1} Ay hns been sald, the outermost part of
the terrestrial sphere congives af @ hot dry exhalation, which 18
carried rownd by the motion of the heavenly sphere with which
it e condiguous,  When tins motwon sefe up a flery principle
of maderate strength and thwe meets o surbably consfituted
exhalation, ¢ comet 18 produced, (I willbea ™ comet ™ wop-
s or " bearded-stur " wwyovias according to the shape of the
ewhalefine) 4 comet of this kand is in fact o self-contained
shooting star (344 8. 8-33), {2} When the exhalation 13 formed
by one of the stars thes slor becomes a comet, ond is followed
by a igel just as the sun end moon are sometemes followed by

maas Hiwel 8¢ mepl 7@y dbav@v +§ aloBrhoer vouiloper
travis dnodedeiyfar kaTd Tov Adyow, v els ro
Suvardy dvaydywper, &k re vdv viv dawoudraw
dwoAdfor ms dv &8e mepl Tovrwr pdhiora cup-
Bolve.
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could not give an inerease in magnitude, so now,
since they appear to be indivisible points even though
they really are not, their conjunction will bring no
appearance of an increase in magnitude.®

Though more could be said, this is enmough to
demonstrate the falsity of current theories of the
causes of comets.

chs. 3,2}, So here he argues that as the stars look Hie points,
their conjunction {addiion) can bring ne appesrance of
increase in magnitude.

CHAPTER VII
ARGUMENT {continued)

holoes® (844 a 33-b B). Comets of type (2) have the sams
motion as the stor wn questeon ¢ type (1} move with the ter-
restrinl sphere and so foll beland the stars (344 b 8.12). Con-
Sirmatwon of thee view that cometz are flery 1w that they are
generally the sign of winds and drought » the move of them
there are the miore hlely are these to ocour {344 b 12-81).
Exgmmples (344 b 31—345 a 5.  The resson why comets are
rare is that the motuom of the sun gnd stors not only causes the
kot prineipls to form bt alss dissolves 1t (345 a 5-140).

We consider that we have given a sufficdently rational
explanation of things inaccessible to cbservation by
our senses if we have produced a theory that is pos-
sible: and the following seems, on the evidence
available, to be the explanation of the phenomena
now under consideration,

# * Comets are thus hodies of vapour 1n & state of siow
combustion either moving freely or in the wake of a star,”
Heath, Arwtarchus, p, 246,
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We have laid down that the outer part of the Twoty
terrestrial world, that is, of aill that hes beneath the ?f)"ff,‘;‘;eé
eelestial revolutions, is composed of a hot dry exhala~ by a fery
tion. This and the greater part of the air which is [rndplew
continucns with and below it are carried round the exbalation
esrth by the movement of the arculer revolution ;
as it is earred round its movement frequently causes
it to catch fire, wherever 5t is suitably constifuted,
which we maintain is the cause of scattered shooting
stars.? Now when as s result of the upper motion
there impinges upon a suitable condensation a fiery
principle whieh is neither so very strong as to eause
a rapid and widespiead conflagration, nor s0 feeble
as to be quickly extinguished, but which is yet strong
enough and widespread enongh; and when besides
there coincides with it an exhalahon from below of
suitable conaistency ; then a comet is produced. its
exact form depending on the form taken by the ex-
halation—if it extends equally in all directions it is
called & comet or long-haired star, if # extends
lengthwise only it is ecalled a bearded ster. And
just as a phenomenon of this sort when it moves
seems 10 be a shooting star, so when it remains
stationary it seems to be a stationary star. An
analogy may be found in what happens when one
thrusts & burning torch inbo a large quantily of chaff
or drops a spark onto it ; for the course of a shooting
star is gimifer in that because the fuel is snitsble it
runs quickly along it. Butif the fire were ot to Tun
through the fuel and burn itself out, but were to stand
gtill at a point where the fuel-supply was densest,

¢ Ch,2,340b 14 andch. 4, 341 bs L

1 ket dmi mord del, Thurol.
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® The pont of this comparnson appears to be as follows,
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then this point at which the five stops would be the
begmmmg of the orbit of & comet.” So we may define
a comet as a shooting star that contams 1ty begmning
and end 1n itself.?

When therefore the matexial gathers 1n the lower (2) fomed
region, the comet is an independent phenomenon, ™ % ¥

¥

But when the exhalation is formed by the movement
of one of the starg—either of the planets or of the
fived stars—then one of them becomes a comet. The
tait 18 not attached to the stars themselves, but is a
kind of stellar halo, Itke the haloes which appear to
accompany the sun and moon as they move, when
the air has condensed in such a way as to produce
such formations bheneath the sun’s comrse. The
difference between them is that whereas the colour
of the sun'’y halo 18 due io reflection, the colour of the
comet’s tail 18 what it actually appears te be,

When therefore the formation of matter occurs in Motiop of
connexion with a star, the comet must necessant g’?’;‘;z“i‘f"
appear to follow the same course as that on which comet.
the star is moving : when if Is an independent forma-
tion it seems to fall behind the stars, as i follows the
movement of the ternestrial sphere,

{A conclusive disproof that the comet 152 reflection,
not to the sun, as tﬁe school of Hippocrates maintain,
but to the star itself-—~thus being & kind of halo in
the clear inflammable material—is that a comet often

If you ignite a large quaniity of inflammable material (a0,
chaff), f 1t is scattered over an area, the fire will run guickly
across 3. This is aralogous o a shooting ster If the
materia) 1 gathered together in a heap, then the fire will bum
at the place where the %.;ee,p is, This is analogeuns to a. comet
{ef. Alex. 84, 24 ff. and Phil, 93, 28).
¥ 1. burns in a single place, like the heap of chaff, and
does not ** shoot ™ hke & shooting star proper.
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¢ ¥ take 1t that Aristotle is meehing a possible modification
of Hippoerates’ theory, This seems to be how Phil. {98, 10}
took the passage: it Is not clear from Alex. (25, 93 £) that
he had the same text, as he seems fo find only o stmple refer-
ence to the opinton of Hippocrates above, ch. 6,342 b 86, 1
have bracketed the passage in my translation beceuse 1
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appears independently, indeed more ofien than
round one of the stars ¢ The cause of the halo we
will explain later.%)

We may regard as a proof that their constitution Prmofihat
is fiery the faci that their appearance 1n any number U a7
3s awgn of conmg wind and drought, VForit is evident
that they owe their origin o this kind of exhalation
being plentiful, which necessanly makes the air drier,
while, at the same time, the most evaporation s
disintegrated and dissolved by the guantity of the
hot exhalation so that it will not reacily condense
wsto water. But we will give a clearer explanation
of this when the tinse comes to deal with winds.¢

8o when comets appear frequently and in consider-
able numbers, the years are, a8 we say, notorously
dry and windy. When they are less frequent and
dimmer and smaller 1n size, these effects are not so
considerable, though as a rule the wind 1¢ excessive
either in duration or in strength, For instance when
the stone fell from the air at Aegospotami ¢ it had
been lifted by the wiand and fell during the day time :
and its fall coincided with the appearance of a comet:
in the west, Again at the time of the great comet ¢
the winter was dry and the wind strong and northerly,
and the tidal wave was due to & condlict of winds, for
the north wmmd was blowing inside the guif, while
outside it there was a southerly gale. Agan in the

seelns to be rather 2 garenthe&is or footnote than part of the
main srgument: and | have therefore also omitted i from
the chapter analyss.
® Book IIL ¢h. & ¢ Boolk II. chs. 4 &
& The fall of this rneteor atiracted the atiention of Anasa-
oras {Diels 59 A 11, 12: of. 71}, He was even said to have
oretold 1t {Thels 58 A 1, 1L 6. B
¢ {Jf. 343 b 1, ch. 6, note con p. 45,
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CHAPTER VIH
ARGUMENT

The Milky Way. 4. Previous views stated and criivcized,
(1) The Pythagoreans say o 8 the path of a star that f3il in
Phasthon's time or elge the path the sun once desoribed (345 a
1917, Orificsams (345 & 17-28). {2) Anazagores and
Demoeritus say that  w the hght of the stars that foll withn
fhe shodow cast by the earth when the sun passes beneath of ;
for the Hahl of thess stars iz not vverpowered by that of the
sun (345 2 25-31). Cruscieme {345 a 81-b 9). (3) 4 thrd
view which supposes that it iz due fo refieciion of owr sight to
the sun (ke the mew of comets above, ch. 6 (2) (b)Y (345 b
5.12). Oritwisms (345 b 12-31).

B. dristotle’s own wew. The BMully 1Way sz formed wm the
sams way o the type of comet formed by a star ; only the
Jormatwn affects o whole cwrele of the heavens (348 b 81—

ssa1t  "Owows B¢ xal did 4" alriay yliyverar val +{ dom
S ydAa, A 7t Siérb 8¢ xal mepl
TO pand, CILLET 'I;l - TpoolentfioLier KoL ?Tepb
7 4 1 -~ -
TOUTOV TG Wﬂpa TRV 0.;” Ulwv EEP??}LQ’VG TR,
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archonsliip of Nicomachus ® a comet appeared in the
equinoctial circle for a few days ($his one had not
risen in the west), and thas comneided with the storm
at Corinth,

The reason why comets are few in number and Why
wfrequent, and why they appear more outside the XB&E
tropics than within them, iv that the movement of
the sun and stars not only separates off the hot sub~
stance but also disintegrates it as 1t is forming  But
the chief reason 13 that most of it colleets in the area
of the Milky Way.?

% 3410 B.C. ¥ (f. B48 b T below,

CHAPFER VIII
ARGUMENT (continued)

346 a 11}, in the zodiae arcle the formation of the necessary
exhalation s prevovited by the sovement of the sun and
plunets ; and sinalarly sun and moon de net have faels (346 a
11-16). The Milky Way extends beyond ihe tropmoe circles,
and confaing very many bright stare which couse the ewhala -
teon fo gather there * that this e the cause 18 mdicated by the
Jrct thoat it 48 bmghter where 3t 15 double and that ot 15 there
thet the stars ore thichest (346 a 18-30). So, assunung our
nrcount of comets to be rensonable, we may define the My
Way as the tusl of the grealest circle, due to exhalaiion (346
a 30-b 8). (8o comels are rare bocause the muterwd for them
collects in the Milky Way (346 b 7-10).) Bo mmoh for the
upper atmosphere (346 b 10415).

LeT us now explain how the Mithy Way 1 formed, and
what is 13z cause and nature and let us again first
review what others have said on the subject.
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yop abrof Gavepdy fuuxirdwv s vukrds. dAG
menovfos otddy daiverar rowdrov, wAyy &
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dorpwy., Goa uty ody weploplrar O adrod, rol-
Tor pév ol daiveafar T¢ s (xwAdealor vip fms

30 rdv rol HAlov derivew)- doms 8 dvridpdrre
v dore i dpfofus dné rob HAlov, o rodrow
olxeior ¢ds elval daoe 70 ydAa. davepov 8 dre

e Tiiels 58 B 37 ¢. The second view 15 atfributed aleo to
Oenopdes 5 Diels 41, 10 (Heath, driviarchus, p. 189).

¥ Dhels 59 A 1 {u. 6.2y 42 (1. 16. 81) 5 80,

* Find. 68 A 91

4 " As we have seen, he {Anaxagoras) thought the sun io
be smaller than the earth. Conseguently, when the sun m
its revolution passes below the earth, the shadow cast by the
carth extends without limat. The trace of this shadow on
the heavens is the Milky Way., The stars within this shadow
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The so-calied Pythagoreans give two explanations 5. Presous
Some say that the Milky Way 15 the path taken by Ho8. D)
ene of the stars at the fime of the legendary fall of goresns;
Phaethon ¢ others say that it is the ewele m which
the sun cnce moved ®  And the region is supposed
to have been scorched or affected in some other such
way as a result of the passage of these bodies

ut it is ahsurd not to see that of this is the cause,
the circle of the zodiac should alse be so affected,
indeed more so than the Milky Way: for all the
planets, as well as the sun, move in it. But though
the whole zodiae arele is vimbie to us (for we can ses
half of it at any time during the mght) it shows no
sign of being so affected, except when a part of it
overlaps the Milky Way.

The schools of Anaxagoras® and Democritus ¢ (2) dnsyp-
maintamn that the Milky Way is the hght of certain Frm st
stard, The sun, they say, in 1ts course beneath the
earth, dees not shine upon some of the stars; the
light of these upon which the sun does shine is not
visible to us, bemg obscured by its rays, while the
Mitky Way s the light peculiar to those stars which
are sereened from the sun’s light by the earth? This

are not mterfered with by the hghi of the sun, and we there
fore see them shining 1 those stars, on the other hand, which
are outside the shadow are overpowered by the light of the
sun, which shines on them even durmg the mght, so that we
cannot see them.” 8¢ Heath {Aristarchur, p. 83) summarizes
this passage. What is not easy to understand is why, on
Anaxagoras' theory, we see any stars outside the Milky Way,
if the light of stars outside ot is * overpowered by the light
of the gun.”” Alex, 87, 24-87 implies that such stars owe ther
hght to reflection fiom the sun. Ansysgoras was the first
to discover that the moon owes Bs hghi to the sun {Heath,

. ¢if, p. 78} 1 he may have held that the stars oulside the

op
Muky Way did too.
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4 The text 15 uncertain and the meaning of péyirros xdicdos,
* meatest circle,” doubtful. But by referring to the Miky
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theory is also manifestly impossible. For the Milky
Way always remains stationary among the same con-
stellations, and is clearly a greatest circle ¢ : wheress
the stars on which the sun does not shine change
constantly as the sun changes its position. The
Milky Way should therefore change with the sun’s
change of position: but iu fact no such change is
observed. Besides, astronomical researches have now
shown that the size of the sun is greater than that
of the earth and that the stars are far farther away
than the sun from the earth, just ss the sun is farther
than the moon from the earth : therefore the vertex
of the cone formed by the rays of the sun will not fall
very far from the earth, nor will the earth’s shadew
{which we call night) reach the stars. The sun must
therefore shine on all the stars, nor can the earth
screen any of them from it.

There is still a third theory abont the Milky Way. (3 o thue
For some say that it is a reflection of our vision to %
the snn, just as a comet was supposed to be.?

But this too is an impossibility., For if the eye and
the mirror and the whole of the object seen were at
rest, the same part of the image would always appear
at the same point in the mirror. But if murror and
chiect are 1n motion, keeping the same distance from
the eye, which is at rest, but moving with different
speeds and so not keeping the same distance from

Way as " a {or “the "} prestest circle, " Axistotle appears
%0 mean that 1t hes on the oviermost celestial sphere.  The
phrase oceors again at 346 a 17 and 846 b 6.

* Diels 42, 6. He attributes the theory to Hjéapecrabes and
Aeschylus. There seems no exphcit independent evidence
that it is theirs, bol the words dewep . . . xopdrpp b 11412
refer to their theory of comets (¢h, 8, 2 (8)) and perhaps sug-
gest Lhat this theory of the Miky Way was theirs toe,
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each other, it is impossible for the same image to
remain in the same part of the nurror. But the stars
whose course lies through the circle of the Milky Way
are in motion, and so also is the sun from which the
refleetion comes. And while their distances from us,
who are at rest, remain constant and equal, thelr
distances from each other vary: for the Dolphins
sometimes rises at midnight, sometimes at dawn,
Bui the constifution of the Milky Way remans the
same in each case. But this should not be so if it were
a reflection and not a characteristic of the region,

Besides, we can see the Mitky Way reflected at
rught in water and similar reflecting surfaces: but
how can our sight in these circumstances be reflected
to the son F 2

This shows clearly enough that the Milky Way iy
not the path of one of the planets, nor the light of
stars unht by the sun, nor a reflection : and these are
more or less the only views on the subject previously
put forward,

Let us now reeall the first principle we have laid adstotle’s
down and then proceed te give our own explanation o™
of the maiter. We have previously said ¢ that the
cuter part of what is commonly called air has the
properties of fire, and that when the air is disin.
tegrated by motion there iz separated off a kind of
mixture out of which, we maintain, comeis are
formed.? We must then suppose that the same thing
hag:pens here as when a comet is formed not by an
independent formation of the requisite material but
by one of the stars—either one of the fixed stars or
one of the planets. For the stars then appear as
comiets becanse there accompanies their mohon a

48487 L
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formation sirnilar to ihat which follows the sun and
causes, so we maintamn, the appearance of a halo
when the constitution of the air is sultable. We mast
assume then that what happens to one of the stars
happens to the whole heaven and the whole upper
motion. For it 18 reasonable to suppose that, if the
motion of a single star can produce this effect and
set the air on fire or disintegrate 1t because of the
size of the arcle,® the movement of all the stars ean
do so too ?; and especially in a region in which the
sters are thickest, most numerous and largest in size,
In the zodiac circle any such mixture is dwmssolved
becanse of the movement of the sun and the planets
~and consequently the majority of comets fall out-
side the tropics Besides, no tail appears around the
sun or moon because they dissolve any such mixture
before it can form. But this circle m which the Milky
Way appears to our eyes is the greatest circle and
is so placed that 1t extends far beyond the tropics.
And in addition the region is full of stars of greatest
size and brilliance, and also of what are called scai-
tered stars (you can see this clearly enough if you
leok). 8o for these reasons all this mixture always
continues to gather there. A proof of this is the
following : the Hght of the cirele itself is stronger
in that hailf of it in which the Milky Way is double,

o OF. 845 a 1.
* As they stand the words inseited by Fobes do not con-
strue easily, If at all: as he indreates, there is & lacuna after
dopdv, It seems that the words might be a gloss on 54 ré 1o
wdihov pdyebor, meaning roughly © The circle must be one
of the greatest ; for thus s motion will be great becanze of
its size, and the conﬁugm‘rion caused greater V-—a fanly
intelhgible comment. I Bave sccordingly ormtted them, but
retaned dépr . . . pépedos with Febes,
o 65
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FOLOtTOY mépwv em‘w, ér 8¢ Tols dAAots Swodelie
346 davepds. or elwep xai wepi rofl gﬁm.w:oﬂa.-.
xaimj*mg am‘aaexo,usf?a iy alriav g ezp‘r;pew;v
perploss, xal wep.-. roff 'yaﬂwc-ros' Tév atdroy v'r'o-
Anmréoy rpbmoy éxewr & yop éxel mepl éva doTiv
5 wabos 1) xéuy, rTobro mepl xivrdov Twd cuuSolve
2 A 7 b L4 A r L4 k) "
viyveoBar 70 adrd, kol ot v6 ydda, de elmely
ofov pildpevor, & rof peyiorov 818 v Exxpiow
kixdov kdun.
(Asd xafdmep mpbrepov elmopey, of moMol 0dBé
wopddiis plyvovros kopfjrat, Sl 70 owweyds dro-

st frdov fortasse wdAw wAeloy wiverar seribenda:
pracbel Ap (48, 4. 5).

& If the words {rom Alext. are mserted the transiation
wonld read * end {f again it is stronger in that segment.”
The sense remaing substantially the same in either case.
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and in this half the gtars are grester in number and
denaity than in the other, which indieates that the
cause of the ght is none other than the movement
of the stars : for if the Milky Way lies on the arcle
in which are the grestest number of stars, and® in
that segment of the circle in which the stars appear
1o be of a greater density and size, it 15 reasonable
to assume that this is the most likely cause of the
phenomenon,

The cirele and the stars in it can be seen on the
diagram.b It 18 not possible to mark the so-called
scattered stars on the sphere in the sams way because
none of them has a clear permanent position : but
they are elear enough to anyone who looks up at the
gky. Tor in this one alone of the circles the inter-
vening spaces are full of stars of this sort, in the others
they are clearly absent. So that if the cause of the
appearance of comets given above is accepted as
reasonable, it I8 to be assumed that something
similar holds good for the Milkky Way: for that
which produces the teil in a single star affects 2 whole
circle in the same way, so that the Milky Way might
perhaps be defined as the tail of the greatest circle
produced by the material formation we have de-
seribed.

{For this reason, as we have said before,® comets (8¢ somets
cccur neither often nor in large numbers, because Froqaent.)
the requisite formation of matemal has been and

¥ Aristotle’s extant works are lecture-nocies, or were
written to be used m close conjunction with the teaching work
in the iégceam. References like the present are to diagrams
displayed on the walls of the lecture-room: L 83 suggesis
that it also contsined a celestial globe, (. Jackson, J. Ph,
*xxv, pp. 101
¢ 845 & 8 above,
a7
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CHAPTER IX
ARGUMENT

The lower aimosphere, the sphere of water and awr below
the sphere of five (846 b 16-20). The mawsbure on the earth's
surface wp evaporated by the sun - when 1f rises wnto the atmo-
sphere o 18 cooled agawn, condenses and folle as roin (346 b
20-81). (Houd is condensed vapour, nnst the ressdue of cloud

ssn16  Ilepl &2 rof 7 foe pév Bevrdpov vdmov perd

ToBirov, wpcérovfgé wepi T yiw, Mywpert ofros

~vdp Kowos UBaTds TE TOmos kal dépos kal TdY
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wo wréor 8¢ kal vovraw Tds dpyds xal rds airies
srdvrww Spolws.

‘H y.e'v olv s xovoloa Km‘. xvpia kol 'rrpdrr*q Ty
dpydiv & rixdos doTiv, v o davepds 73 rof TAlov
¢opd Staxpwovcm. xal u’vyxpfvevca T y:.yveo'i?m
w)mmov ki woppd}repov alric s yevéoews .«:cu
ms cﬁﬁopas‘ éoTi. ,u,evovm}s o¢ *m?s‘ yng, 7 mepl

25 l:t.v'ﬂj‘l-’ Dypdy Bmwd rdv durivew xal dmd riis dAAys
rhis dvwler Oeppdryros drindoduevor déperas dvar
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METEOROLOGICA, L vin-ix

continues to be separated off and collected at each
revolution of the heavens mto this region.)

This completes our account of the phenomena in
the region of the terrestmal world which is continuous
with the heavenly motions ; that is, shooting stars
and burmng flames, comets and the so-called Milky
Way-for these arve practically all the phenomens
which characterise that region,

CHAPTER IX
ARGUMENT {continned)

(346 b 32-35). The process varwes with the sun’s course w the
ecliptie, evaporalfion bemng greater s sununer, ranfoll in
wintter (346 b 85-—347 2 8). (Dyference ¢f drizsle gnd ram
(847 a 8-12).)

LeT us next deal with the region which hies second
beneath the celestial and first above the earth, Ths
region is the joint province of water and air, and of
the various phenomena which accompany the forme-
tion of water ¢ above the earth. And we must deal
with their principles and causes also.

The efficient, controlling and first cause is the arele Bun.
of the sun’s revolution.? For it is evident that as it
approaches or recedes the sun produces dissolution
and composition and is thus the cause of generation
and destruction. Theearthisat rf,-st, and the masture
about it is evaporated by the sun’s rays and the other
hest from sbove and rises upwards © but when the

5 gbvod L 19 Joust refer to water: so O.T. and Ideler:,
p. 423, b Of. ch. § above ; De Gen, ¢t Corr. i1 10,
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METEAROLOGICA, 1 1x

heat which caused it to rise leaves it, some being dis-
persed into the upper region, some being quenched

by rising so high into the ar sbove the earth, the
vapour cools and condenses again as a result of the
loss of heat and the height and tmns from afr into
water : and having become water falls again onto the
earth ¢ The exhalation from water is vapour; the gont and
formation of water from air produces cloud. Mist is Mt
the residus of the condensation of air into water, and

is therefore a sign of fine weather rather than of rain 3

for mist is as 1t were unproductive cloud.?

This eycle of changes reflects the sup's annual Winter sl
movement : for the moisture rises and falls as the oo
sun moves in the ecliptic. One should think of it as
a pmiver with a circular course, which rises and falls
and 18 composed of a mixture of water and air. For
when the sun is near the stream of vapour rises, when
it recedes it falls again. And in this order the cyele
continnes indefinitely. And if there is any hidden
meaning in the “ mver of Ocean ™ of the ancients,
they may well have meant this river which flows in
a circle round the earth.

Moisture then is always made to rse by heat and Drimle
to fall again to the earth by cold; and there are *3d =&k
appropriate names for these processes and for some
of their sub-species—for instance when water falls
in small drops it is called drizzle, when in larger drops,
rain.

s (f. 358 b 84 £,

* Yapour condenses 1nto clond, which subsequently falls
as rain, Mist 15 what 13 left over in the process of condensa-
tion ¢ it is therefore * unproduciive ™ in the senge that it will
not produce rain, and 1s thus a sign of fine weather.

1 5¢ post vikelws coll. Thurst, gui dvayepérov . . . ¥y cum
antecedentibus confungit,
Tl




ARISTOTLE

CHAPTER X
ARGUMENT

Dew and hoar frost are dus to moisture whieh has evape-
rated during the day, but has not risen for end falls apom
when cooled at night. When the vapour freexes before ton-
denamng the result is hoar frost, when of condenses the result

s7a13  Ex 8¢ roff kol Gudpav druilovres Soov dy i
perewpuslfi & SAwydtyra Tod dwdyovros adro
15 7rVp0s wpég 76 a’.vayéyevov Bdewp, mdAw xwmdmpé-
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wdxvy, wdxvy pev Stay % drpls mayh wpw eis vSwp
ovyxplivar wakw (ylyverar 8¢ yeaudvos, wal
pdAdov év Tols yeyrepuots 'rt')"frocs) Spo'oos' 8 c?mv
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20 dAée Gore cf?}pc.wc 76 a.vaxﬁev, whe ov-rau iiyos
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METEOROLOGICA, 1. x

CHAPTER X

ARGUMENT {confinued)

1 dew. Dew forng wn warm ond fine weather, frost m eold
and clear {347 a 18-28). 4 progfithat they are 5o caused i8
that hoar frost does not form on mountaing : reasons for
this (347 a 20-38). Condstions m which dew forms (547 a
85-b 11).

Anv moisture evaporated during the day that does not Qanss of
rise far because the amonnt of the fire raising it com- J2¥a0d
pared to the amount of water that Is being rased is

small, falls again when 1t is chilled dunng the mght

and is called dew or hoar frost. It is hoar frost when

the evaporation is frozen before it has condensed mto

water again ; this happens in winter, and more readily

in wintry places than elsewhere. It ig dew when the
vapour has condensed inte water and the heat is not

so great as to dry up the moistwre that has risen nor

the cold so mtense as to freeze the vapour, either
becanse the district or the seagson is too warm. Dew

tends to form rather in fair weather and mild districts ;

hoar frost, as said, under opposite conditiors. For

1t is obvious that vapour is warmer than water, as it

shll contains the fire that eaused it to rise, and so
needs more cold to freeze it  Both dew and hoar

frost form in clear calm weather 1 no moisture will

rise except in clear weather, and no condensation 18
possible in & wind.

A proof that they are due to the vapour not rising A proer
very far is that no hoar frost is formed on mountains, (2% this &
There are two reasons for this: frstly, that vapour
rises from hollow, damp places, so that the heat which
is causing it to rise 18 unable, as if it were carrying

8
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2 burden too heavy for it, to lift 1t to a great haght,
but lets it fall agamn while still close to the earth
Secondly, that the flow of air 18 especially strong at
great heights and this dissolves a formation of this
kind.®

Dew i formed by south winds, and not by north, Coadatens
everywhere except in Pontus. There the opposite JPtHE
is true, for it is produced there by north winds and
not by south. The cause is the same as that which
makes it form in mild weather and not 1n wintry;
for the south wind brings mild weather, while the
north wind, being cold, brings wintry weather, by
which the heat of the exhalation is quenched. But
in Pentus the south wind does not make the weather
mild enough to produce vapour: while the north
wind, because it 15 cold, surrounds * and compresses
the heat and so causes more evaporstion. Thisis a
thing which it is often possble to observe happening
in places outside Pontus. For instance, wells give
off vapour 1 north winds rather than m south ; but
the north winds quench the heat before any quantity
of it has collected, while the south winds allow the
exhalation to accumulate.

The water formed from vapour does not freeze on
the earth as it does in the region of the clouds.@

¢ And 50, except m Pontus, dew forms in south winds and
not 1 north.

¢ The point of this sentence, which the next chapier
claborates, 15 that while to dew and frest on the earth there
correspond rain and snow m the clouds, there is nothing
on the earth to correspond to hail.  As Ideler f. p. 432 notes,
the sentence comes rather awhwardly at the end of ths
chapter end mught be better placed af the begmuning of the
next ; but I have kept the conventional chapler division to
avowd confusion,
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CHAPTER XI
ARGUMENT

From the clouds there foll as o result of refrigeration rain,
snow and hoarl.  Hown and snow correspond to dew and frost
respectively, are due to sumlor causes onrd differ only in
degree + roan ts due fo the condensation of o large guantity
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METEGROLOGICA, I xt

CHAPTER XI
ARGUMEWT (conimued)

of vapour, dew of & small guanity, mow is froven clowd, o5
Sfrost 1s froven vapour (347 b 12.28). Bl there s no analogy
an the earth stself to hail (347 b 28-3%).

Fogr from the elouds there fall three bodies formed by
refirgeration, water, smow and hail. Two of these
correspond to and are due to the same causes as dew
and frost on the earth, differing from them only in
degree and amount, For snow is the same as frost,
rain the same as dew, there being a merely quanti-
tative difference between them  For rain is the resuls
of the cooling of a large body of vapour, which owes
tts quantity to the length of time durmg which and
the size cafy space m which 1t cellects Dew, on the
other hand, is produced by small quantities of vapour,
which collect for a day only and over a small area,
as iz shown by the rapidity with which it forms and
its scanty quantity. The same is true of hear frost
and snow . when cloud freezes snmow is produced,
when vapour, hoar frost. So snowis a sign of a cold
season or a cold country. For the cloud wonld not
have frozen, since it still containe much heat, unless
the eold predominated : for a good deal of the heat
which caused the moisture to evaporate from the
earth 15 still left in the cloud,

Hail forms at higher levels, but there 15 nothing
to correspond o it in the evaporation close te the
earth : for as we have said, snow above corresponds
to frost below, rain above to dew below  but there

b Sypiv aupds Bre Fobes: wupde om. By F Ap O.T.
7
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CHAPTER XII
ARGUMENT

Haad. A, Dufficssitres. (1) Houd 16 wee @ yed hailstorme are
commonest w spring end summer, Le. mn wagrm weather.
{2} How does the necessary water remavn i the aw long snough
to be frozen (347 b 34—348 2 14} ! B. Anaxagoras's view.
Harl 1 due to cloud being foreed into the upper stmosphere
and there Frozen (348 o 14-20},  Crefeorems {348 a 20-b 2).
C. Arwtotle's own mew. Heat and eold react on one another.
When eold 1 compressed by heat surroundmg o, o may (a)
cauge heavy rawn or (b), when the compression s greater and
the eonsequent refrmgeration gurcher, cause hudl,  The negrer
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SMETEOROLOGICA, 1. wi-xu

is no analogous phenomenon below to correspend to
hail above. The reason for this will become clear
when we have deslt with hail,

CHAPTER XII
ARGUMENT (continued)

the earth and the more intense the vefrigeration, the heavier
the razp and the larger the hadlstones.  Hoil is more freguent
in spring and gutumn because there {s more mmature in the
awr of these seasons (348 b 2.30). Refrigeration iakes
place more quickly of the water ¢ warmed first (g0 haal anll
Jorm more egsily in werm weather) (348 b 30—349 2 4).
Thee w olso the reason for the violent summer ramfulls in
Arabin and Aethiopio (349 5 4-9). 8o much jfor rmna, dew,
snow, frost and hail (349 a 9-11).

Ew considering the process by which hail is produced,
we must take into account both facts whose inter
pretation is straightforward and those which appear
to be inexpheable,

(1} Hai} is ice, and water freeses in the winter: A, pim.
vet haflstorms are commonest in spring and autwmn, euliles
rather less common at the end of the summer, and
rare in winter when they only oecur when 1t is not
very cold, And, in general, hafistorms oceur in rmider
districts, snowstorms in colder.

(2) It is also odd that water should freeze in the
upper region; for it cannot freeze before it becomes
water, and yet having become water it cannot remain
suspended in the air for any length of time. Nor
can we maintain that just as drops of water ride
aloft because of thewr minuteness and rest on the
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ajr, kke munute particles of earth or gold that often
float on water, so here the water foats on the air )
a number of the small drops coalesce to form the
large drops that fall. This cannot take place in the
case of hail, because frozen drops cannot coslesce
like liquid ones. Clearly then drops of water of the
regusite smize must have been suspended in the ajr:
otherwise their size when frozen could not have been

so large,

Some ¢ then think that the cause of the origin of B Am
hail is as follows : when a cloud is forced up info the Yo,
upper region where the temperature is lower because
reflection of the sun’s rays from the earth does not
reach it,” the water when it gets there is frozen * and
so hailstorms oocur more often in summer and in warm
dhstricts becanse the heat forces the clouds up farther
from the earth. But (1} in the very gh places hail
falls very infrequently; but on their theory this
should not be so, for we can see that snow falls mostly
in high places {2} Clouds have ofien been seen
swept along with a great nowse close to the earth,
and have struck fear into those that heard and saw
them as portents of some greater catastrophe Bat
sometimes, when such clouds have been seen without
any accompanying noise, hail falls in great guaniities
and the stones are of an incredible size, and irvegular
in gshape ; the reason being that they have not had
long to fall because they were frozen close to the
earth, and not, as the theory we are oriticizing main-
tains, far above it. (8) Moreover, 1ar§.e hsilstones
must be formed by an intense cause of freezdng » for
it iz obvious to everyone that hail is iee. But hail-

* Anaxagoras, ss Aristotle fells us st b 12 below : Diels
59 A 85, b df 840 2 27 11
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stones that are not rounded in shape are large in size,
which ig a proof that they have frozen elose to the
earth : for stones which fall farther are worn down
in the course of their fall and so become round in
shape and smaller in size.®

It is clear then that the freezing does not take place
because the cloud 1 forced up mte the cold upper

regon,

Now we know that hot and cold have & mutual ¢ Atian
reaction ® on one another (which 15 the reason why 3‘{2&3,‘“""“

subterranean places are cold in hot weather snd warm Netuat
in frosty weather). Ths reaction we must suppose Tont 508
takes place in the upper region, so that in warmer 55
geasons the cold 1 coneentrated within by the sur- '
rounding heat. This sometimes causes a rapid forma-

Examples fiom elsewheis arve, verb Problems 509 a 28, 936
b 16, 648 2 11 3 noun Problems 867 b 32, De Sonm. 457 1 2,
448 a 27 (sleep die to a concentration {¢f. crwewa,m‘v? £38 a 103
of vital warmth by cold). There remams the use of the noun
in the present passage 348 b 2, winch L &S5 Hst under sense
{2}, At first sight this meaning seerns to suit it better: et
twice 1n the next dozen hines the verb 18 used clearly in sense
(1}, and 1t is therefore more likely that the noun this
sense too, The apparent ambiguity perheps throws some
hght on the relation of the two senses. Substance a gives
piace to substance b (sense (2)} ¢+ from this 115 not 2 long step
to think of ¢ and b exercising a mutual resction or repaision
{ef. the O.T.’s “recoll " here), This explains the example
which Aistotle gives, that caves are warm 10 winter, cold in
summer, Forin winter the surrounding cold drives the heat
underground, 1n suruner vice versa: of. Alew. 50. 38, where
the meamng hovers mstructively between mutual replace-
ment (gf dvrypefiordpevor L 26) and mptual ulsion,
Fmally we get compression when a larger quanhty of a{or b}
drives together, as it were, and so compresses a smaller

uanlity of & {or @), This 13 the way hail 1 formed : compare
the account of sleep in the D¢ Soma. {sleep due to the vital

warmth beng drven together by cold).
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METEOROLOGICA, 1 xu

tion of water from cloud.® And for this reason you
get larger randrops on warm days than in winter
and more viclent ramfall—rainfall is said o be more
violent when it is heavier, and a heavier rainfall 1s
cgused by rapidity of condensation. (The process is
just the opposite of what Anaxagoras says it 1. He
says it takes place when cloud rises into the eold air:
we say it takes place when cloud descends mto the
warm air and is most violent when the cloud descends
farthest}) Sometimes, on the other hand, the cold
is even more concentrated within by the heat cutside
it, and freezes the water which it has produced, so
forming hail This happens when the water freezes
before 1t has time to fall.  For of it takes a gnven time
(21} to fall, but the cold being intense freezes 1t in a
lesser fime St’), there is nothing to prevent it freezing
in the air, if the time (*) taken fo freeze it is shorter
than the time (#) of its fall. The nearer the earth
and the more intense the freezing, the more violent
the rainfall and the larger the drops or the hailstones
because of the shortness of their fall. For the same
reason ¥ large raindrops do not fall thickly, Hailie
rarer in the summer than in spring or auturnm, though
commoner than m winter, because in summer the
air is drier : but in spring it is still meist, in antumn
it is beginning to become so. For the same reason
hailstones do sometimes occur m late summmer, as
we have said.®

van%g lines §id weal . . . Srav pdhiora are parenthetical . . "

T

¢ It 15 not at all clear why this 12 so, ¢f. Alex. 51. 32 and

Phil. 180. 4. Perhaps Aristoile thinks of iaxge and few a5 an

alternative to small and many ¢ if & gven amount of vapour

15 condensed wnto large drops, as here, there wil be fewer of
them than if it was condensed nto small. ¢ 348 al.
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CHAPTER X111
ARGUMENT

Our neat subjects are wind, rvers and the sea.
(D Wind—Some people say wind ts o current of aw :
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If the water has been previously heated, this con- Wam
tributes to the rapidity with which it freezes  for it Jar cois
cools more quickly (Thus so many people when they guiskly,
want to cool water ® quickly first stand 1t 1m0 the sun -
and the inhabitants of Pontus when they encarop on
the 1ce to fish-—they cateh fish through a hole which
they make in the ice—pour hot water on their rods
because it freepes quicker, using the wce like solder
to fix their rods.) And water that condenses in the
air in warm districts and seasons gets hot quiakly.?

For the same reason in Arabia and Aethiopia rain sssbia sna
falls in the suramser and not in the winter, and falls Aotmope
with violence and many trmes on the same day : for
the clouds are cooled quekly by the reaction due to
the great heat of the country,

So much then for our account of the causes and
nature of rain, dew, snow, hear frost and hail.

mes,,"” must be wiong 1n spite of the mss, aathority. Theonly
point m Fnttmg the water 1n the sun Is to warm 1t so that #
may <col more quickly If it s already warm when put in
the sun the whole point of the process is lost.

¥ Arstotle 15 returning to the argument of I, 30-32, whick
he interrapted at 5i4 1. 3¢ mn order to give examples (Thurot :
ef. OL 08, 88); 5id . . . wddepor 349 a 3 15 really paren-
thetical and is printed as e parenthesss in the translabon.
The point of the paragraph is 1o give another resson for the
formation of hail {ice} :n summer, +& cvnerdpevor H8wp beng
the water which freezes into hail.

CHAPTER XII1
ARGUMENT {coniinued)
some produce the ludwrous oaw that all wyids gre the same

wind blowing in different directions. We must inveshigals
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the nature and orgin of wind (349 a 12-b 1). (dristotle here
drops the subfect of wend, and does not resume of until Book
IT eh. 42}

(11} Rivers.—There are some who belicve that rwers flow
Jrom subterrancan reservoirs fed by roiufoll (349 b 1-18).
Criticteme (im the sowrse of which Aristotle’s own view
emergesy. (1) Suoh reservoire would have to be vmpossibly
lorge (349 b 15-19). (2) Condensation produces water below
the eqrth as well ag above of (349 b 19-27), (B) Rainfall does
nol collect info reservoire.  Most of vf is absorbed by mountans

soatz  lepl 8¢ dvéuwy kai mdvrav mvevpdrav, ér 8¢

morapdy xai faddrrys Mywpev, mpdrov kel wepi

rodrwy Samophoarres mpos Hufs adrovs: dowep

15 yap rai mepl dMav, olTws xai wepi rovrwy oddév

mapekiiaper Aeyduevoy rowobrov & piy xéy 6 ruydw
elmetev.

Elot 8¢ mwves of dao 7ov kadodpevor dépa xwod-
wever ply woi plovra dvepiov elvar, cumorduevoy
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abris ¢loews offoms Udaros xai wredparos, xai

20 70v dvepov elvar khmow dépos. Bid kol rdv codds
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wdvras rovs dvéuovs, 8 cvuménrwie xal TOV
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Soxely 8¢ Siapéperv oddev Biadépovra Sio rods

g5 rdmovs 8Bev &v ruvyydvy péwv éndorore, wapa~
whnoiws Aéyovres domep dv €f Tis olptro xal Tovs
moTapots whvragy fva mwoTapov elvar, 816 Bériov
of moMrol Adyovow dvev [mrivsws rdw wera {n-
THoews olrw Aeydvrav: €l by yép éic mds dpyfis
dnovres péovon, rdrel 1o mveduara TOV adrdv
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and Fagh ground, which act as a Lind of sponge and, in addy-
fon, bewng cold, couse condensation ; i then gra
triciles together to form springs (349 b 27850 5 13),  Thes
¢ confirmed by the fuct that all the largest rwers flow from
mountawng ;o brief geographical review ip demonstrats this
(850 a 14-b 22). Summary (350 b 22.30). There are of
course bodres of woter underground, as 18 proved by rwers
that are swatiowed wp by the earth @ I huppens when no
other outlet can be found to the sea. Ezamples (356 b 0
351 a 18).

Lzt ue go on to deal with winds and all kinds of dis-
turhances in the sir, and also with nvers and the sea.
And here again et us first diseuss the ddfficulties in-
volved . for on this subject as on many others we
know of ne previous theory that could not have been
thought of by the man in the street.

There are some ¢ who say that wind 1= soply a0 W,
moving current of what we call air, while cloud and
water ave the samae air condensed ; they thus assumne
that water and wind are of the same nsture, and
define wind as air in motion. And for this resson
some people, wishing to be clever, say that all the
winds are one, on the ground that the air which moves
is in fact one and the same whole, and only seems to
differ, without differing in reahty, becsuse of the
various places from which the current comes on
different oceasions : which is ke supposing that all
rivers are but one river. The unscientific views of
ordinary people are preferable to scienfific theories
of this sort. If all rivers flowed from a single source,
and something analogous were true of winds, there

s Alex. and OL bhoth refer to Hippocrates, wepl dvode:
the passage 15 given by Diels 64 C 2 (under Diogenes).  Cf.
also Drels 12 A 24 {Anaximander).

89



ARISTOTLE
3494
s ’ L a L3 4 o 3
s0 Tpdmov, Taya Adyoiev dv T of Adyovres obrws: el
3 L4 I 3 -~ 3 -~ -~ o i I
& duolws évratfa wxdwel, Sftov om T8 xdpfevun
dv &ln rofro Yeblos, émel TolTd ye mpootroveay
éyer oxdfuy, vi 7 doriv & dvepos, xai yiyverar nls,
xal 7L 70 wwoby, kol % dpyn wilev adrdv, ral
s M3 = 3 3 ”~ -~ L4
mdrepoy &p domep €f dyyelov det Aafelv plovra
35 70v dveuov, xai pdype rovrov pelv dws dv wevwlh
i 3 -~ 3 3 ~ 3 I bl I
g9b 70 ayyelov, olov &£ doxdv ddiduevor, 7 raldmep
kal oi ypagels ypdpovow, & adrdv T dpyiy
ddidvras.
L4 rd 1 1 4 ~ o~ ~ é
Ouolws 8¢ xai mepl vHs 7@v worapdy yevéoews
doxel oy Eyenr o yip dvayfer dwd rob fAiov
4 s s k4 1 L4 i -~ L 3
Wwp wdAiv Uduevor dlfpoiofiv dwd iy peiv éx
s ! hil z ~ i Ld Ed
wotAlas p.e'yahgg, % mwdvras wds 4 dAdov dAdns-
xal of yplyveolar HBwp 0ddév, aArd 76 ovAdeyfev
i 1o yeipdvos els rds Towadras dmodoyds, Tofro
viyveolar 70 whfiffos 10 rdv moropdv., id xal
pellovs del 7o yeiudrvos gelv % Tod Hépous, xal
Tods wuév devdovs elvar Tovs § odk devdovs Sowv
1 1 1 i F ”~ ’ h] i
16 pév yap Bid 16 péyelos Ths wotAlos oAt 76 ovile-
Kép,evov Ywp éoriv, dore Sapreiv kal ) Tpoava-
{oxeafar mply énelleiv 70, 8ufpiov & TG yepdve
mddey, rovrovs pev devdove elvar 8ud rddovs, dooie
8¢ drrovs af dmodoxal, rovrovs 8¢ 8 Shydryra
rod $8aros Pldvew Enpuvoudvovs mply émerlely o
15 €x oD olpavod, wevovuévov Tofi dyyelov.
Kairor davepdv, €& ris Bovderar movjoas olov
g h] ] 'y -~ > LA 4 4
Srrodoysy mpd JupdTew 'rqu: el Tpdpoy Glare
péovrt cuvexds vofioat T6 wAffos dmepBdAlot yap
+= OFf. Ddyssey x, 18.

¥ Of. De Mot. An. 2, 698 b 25.
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might be something in such a theory : but if nothing
of the sort is trze in either case, it iz clear that
the theory, though ingenious, 1¢ false. In fact, the
following queshons are worth mvestigation : What
is the wind 2nd how does it arise * What is the motive
cause of winds, and what their omgn? Are we to
suppose that the wind flows hke a stream from some
vessel, and continues to fow until the vessel is ermpty,
bke wine poured from wineskins?2 Or are the
winds rather self-originating as the pamters depict
them ? &

Some people ¢ hold simelar views about the origin (1) Rivers
of rivers. They suppose that the water drawn up v,,:;ﬁ?::,‘;,
by the sun when it falls again as ram is coliected
beneath the earth into a great hollow fromn which
the rivers flow, either all from the same one or each
from a dfferent one : no additional water is formed
m the process,® and the rivers are supplied by the
water collected during the winter in these reservoirs
This explains why rivers always run higher in winter
than m summer, and why some are perennial, some
are not. When the hollow is large and the amount
of water collected therefore great enough to last out
and not be exhausted before the return of the winter
rains, then rivers are perennial and fow contiruously :
when the reservoirs are smaller, then, because the
supply of water is small, rivers dry up before the
rainy weather refusns to replenish the empty con-
tainer.

(3} Butitis endent that if anyone tries to compute Oritldems,
the volume of waler constantly Bowing each day and
then to visualize a reservoir for rf, he will see that to

% g9. by condensation, as Arwtotle himself maintains,
840 b 23 below,
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¢ Rainfall {s not the only source of supply : there is also
subterranean condensation.

b {.e. by condensation.

¢ Constroe roff . . . f8eros with Auves {Thuiot) - a Biteral
translahion wonld nm  the source of rivers 18 not as it were
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contain the whole yearly flow of water it will have o
be as large as the earth in size or at any rate not much
smalier.

{(2) And though it iz true that there are many such
reservoirs n different parts of the earth, yet it is
absurd for anyone not to suppose that the same canse
operates to turn air inte water below the earth as
above it, If then cold condenses vaporous air inte
water ahove the earth, the cold beneath the earth
must be presumed to produce the same effect. Se
not olly does water form separately within the earth
and flow from it, but the process is conhinuons.®

(8} Besides, even if one leaves out of account water
so produced ¥ and considers only the daily supply of
water already existing,? this does not act 25 a scurce
of rivers by segregsting into subterranean lakes, as
it were, in the way some people maintainn: the pro- Anstotles
cess is rather like that in which small drops form in °%° V%%
the region above the earth, and these agamn join
others, until rain water falls 1n some quantity ; smi-
larly nside the earth quantities of water, guite small
at first, collect together and gush out of the earth,
as 1t were, at & single point and form the sources of
rivers, A practical proof of this is that when men
make 1migation works they colleet the water in pipes
and channels, ag though the hygher parts of the earth
were sweating it out, So we find that the sources of
vivers flow from mountaing, and that the largest and
most numerous rivers flow from the highest moun-
tains. Similarly the majority of springs are in the
lakes of ready-made as opposed to produced water.,” Thurot
would read dudpoxen for ylyeoBm in L 95— car Arstote

oppose Pesu gui se forme (plyveodar) & cette gum st foute
formée (Smdpyer} —and transpose wef” fpdpar 1. 28 to L 28

after yyvopdvon,
98



ARISTOTLE
350 4
kel Tdrows fhmAols yerrndonr €v 8¢ rols ﬂeaéms-
d’yw wo‘rapc?w SAlyas 'yf'ypowm wdumay. of yczp
t}pewm xal wjmﬁm 1'0770;, olov omdyyos muivds
émupepdpuevor, KaTd pikpd pév moddayf 3¢ Bua-
mbdor xal ourdelfovor 76 Sowp+ Séyovral Te yap
10 7of kambyros toaros woAd wAfbos (7 vap dadéper
xoi?t'qv xa.i dmriny 9 TP ﬂ‘?v wepbgépstav elvan
Kol xupriy; a;.&qﬁo'répws 'yap rév loov Sywxov mepi-
?wjtﬁe'rm CpaTos) il 'r'mf dvotoar drpdda ddyoven
xai ovyxplvovor wdki els vSwp
Aud, kabdmep elwopev, ol péporor Tdv mora
15 pdy e @y peviorwy dabvovrar plovres JSpdv.
Sfdov & dorl robro Pewpdvois tés ThHy s
wepco'Sovs 'ro'.:f'ras yip ér o0 wvv@dvecf?m map’
sxa.cm.w ofrws dvéypofoy, Sowy ) o-v;.aﬁeﬁw;xev
adrdmras yevéa’@m 'ra{)g )teyewag‘ € pév odv 74
‘Aaiy wAdlaror pév éx ol [lapvacoof kaovudrov
20 dalvovrow péovres Gpovs xal péyorTor moTapol,
rofiro & opoloyeirar wdvraw elvar péyiorov T4
6’,005- TV ?rpds- T fw *a‘?v xerpepivipe SmepBdym
yap fiom robro qbawe'rac 7 eﬁw BdAigrra, %s 1o
7?€pa5' ot d7jAov Tols mev@ev éx pfv ofv Todrov
péovow dMor re morauol xal o Bdxrpos xal &
Xodamns kol & "Apdéns: Tovrov 8 & Tdvals dwo-
25 oyllerar pdpos av els v Madrw Ao, pel
8¢ ral & "TvBds éf adred, mdvreov rdv moraudy
e, Aelorov. éx 8¢ Tol Kavkdoov drdor 7¢
pedpa mAelorov. éx

¢ So condensation, as well as ranfall, contnbutes to the
suppiy ¢f. 349 b 23 and note & on p. 92 above, Alex, 56. 81.
* More correctly Paropsmisus: the Hondan Xush. For
tgeography of this passage and Book 11, ¢h, § see the note
e end of this chapier,



STMETEQOROLOGICA, L i

neighbourhood of mountains and high places, and
there are few sources of water 1o the plams except
rivers. For mountaing and high places act like a thick
sponge overhanging the earth and make the water
drip through and 1run together in small guantities in
meny places. For they receive the great volume of
rain water that falls (it makes no difference whether
a receptacle of this sort is concave and tumesd up or
convex and turned down: it will contain the same
volume whichever it is) ¢ and they cool the vapour as
it rises and condense 1t again to water,*

Hence the largest rivers flow, as we said, from the Geograpm.
highest mountains, You can see this ff you look at & V™
the maps of the earth, which have been drawn up by
their authors from their own first-hand knowledge or,
when this fziled, from inquiries made from others.
We find that most of the rivers in Asia and the largest Asn.
of them flow from the mountein range called Par-
nassus,® which is commonly regarded as the highest
mountain towards the winter dawn.© For when you
have crossed 1t the outer ocean, whose farther limit
is uoknown to the mhabitanis of our part of the world,
is already in sight. There flow from this mountain
among other rivers the Bactrus,? the Choaspes,® and
the Araxes’ from the last of which the Tanms ¢
branches off and flows inte Lake Maeotis® From
it also flows the Indus, the greatest of all rivers. From
the Caucasus there flow many rivers, extraordinary

¢ South-esst s the direction in whieh the sun rises at the
wmtber solstice. 4 Osus,

¢ Karun: or posubly Kebul River,

f Or Iavaries: Syr Derya,

7 Don, 5 Sea of Azov.
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*METEOROLOGICA, I, xmx

both in number and in gize, among them the Phasis.®
The Caucasus is the largest mountain range, both in
extent and height, towards the summer sunsise.?
A proof of its height is the fact that it is vistble both
from the so-called Deeps ¢ and alsc as you sail mto
Lake Maeotis ; and also that its peaks are sunlit for
a third part of the night, both before sunrize and
again after sunset. A proof of its extent is thet it
containg many habitable regions in which there Hve
many tribes and in which there are said to be many
greatlakes. tAndyet they say that all these regions
are visible up to the last peak:t ¢

From Pyrené? {this is a mountain range towards Burpe
the egmnoctial sunset in Celtice”) there flow the
Istrus ¢ and the Tartessus® The latter Hows into
the sea outside the pillars of Heracles, the Istrus fows
right across Burope into the Buxme. Most of the
remaining Baropean * rivers fow northward from the
Arkynian? mountains which are the largest both in
height and extent in that region, Beneath the Bear
itseif * beyond the farthest part of Seythia is 4 range
of mountains ealled the Rhipae?: the stories told of
their size are too fanciful for credence, but they say
that from them the greatest number and, after the
Istrus, the largest of other European rivers flow,

Simmlarly in Libya from the Aethiopian moun- Attea,

7 A general name for France and Span.

¢ Dazube. e

* Or Baetis : Guadalguivir.

+ I have mserted * European ” here and at b § below,
though 1t s not m the Greek: Arstolle must be thinkmg
of Edrope here and not of the world as a whole.

* The mounteins of Central Europe, the Alps to the Car-
pattuans.

# {.¢. in the extreme North: ¢f, 362 b 4.

Z These seem to be purely mythical, as Anstotle indicates,
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¥ Umdentifiable,
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METEOGROLOGICA, 1. xusz

tains there flow the Aegon® and the Nyses ?; flom
the so-valled Silver Mountains ¢ the two largest of
rivers distingunished by names, the river called the
Chremetes,? which flows into the onter ccean, and
the most important of the sources of the Nile ¢

OFf the rivers in Greek lands, the Achelous flows
from Mount Pindus, as does also the Inachus, aud the
trie Strymon, Nessos and Hebrus from Mount Seorn-
brus : and there arve also many rivers that flow from
Mount Rhodopé.

Further investigation would show that all other
rivers flow similarly from mountains: these have
gimply been given as examples. For even when
rivers flow from marshes it will almost always be
found that these marshes lie beneath either moun-
tains or gradually dsing ground.

We can now see that the supposition that rivers Szmmeary.
spring from definrte hollows in the earth is a false
one. For, firstly, the whole earth, we might say,
would hardly be room enough, nor the region of the
clouds, if the flow were fe§ only by water already
existing, and if some waters were not in fact vanishin
in evaporation, some re-forming all the time, but all
were produced from a ready-made supply. Secondly,
the fact that mvers have their sources at the foot of
mountaing proves that the place accumulates water
little by little by a gradual coliection of many drops,
and that the sources of xivers are formed in tEis
way.

Iyé is mot, of course, at all impossible that there do subter-
exist such places containing large volumes of water, fapm ana
like lakes : but they cannot be so large as to act in rives,
the way this theory maintains, any more than one

2 Probabiy the Senegal River. * The White Nile,
29
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¢ And it cannot be merely the spring winch we see at the
source that supplies the river with water: 1t must rather be
the whole process of accumulation described at b 27 and
850 a 7 above. OF. Alex, 58. 20 ff,
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could 1easonably suppose that ther visible souyces
supply all the water for the rivers, most of whach flow
from springe.® It is thue equally nmeasonable to
believe enther that lakes or that the visble sourees
are the sole water supply.

But the nivers that are swallowed up by the earth
prove that there are chasms and cavities in the earth.
This happens in many places : m the Peloponnese,
for example, one finds it most often in Arcadia. The
reason is that because the country is mountainous
there are no outlets from the valleys to the sea ¢ so
when these valleys get filled with water and there
it no cutlet, the water flowing m from above forces
ity way out end finds a way through mio the depths
of the earth. In Greece this only happens in quite
a small way. But there is the lake ¥ beneath the
Caucasus, which the inhabitants eall a sea 1 for this
is fed by many great rivers, and having no obwvious
outlet runs out beneath the earth in the distnict of
the Coraxi? and comes up somewhere sbout the
so-called deeps of Pontas. (This is a part of the sea
whose depth is unfathomable : at any rate nosounding
has yet succeeded 1 finding the botmmg Here at
about three hundred stades’ distance from shore
fresh water comes wp over a large area, an area not
continuous but falling into three dwistons And m
Ligurie a river¢ as large as the Bhone {and the
Rhone is large enough to be navigable) 1s swallowed
up, and comes up again in ancther place.

® The Caspian Sea.
; Thurot inserts peyddy after fddarrar o snswer to puxpd
inl 7.
2 On the east coast of the Black Sea,
+ Perhaps the Po. “ Pliny alleges (falvely} that o flows
undergromnd (Plisy ih 6} (07T,
101
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NOTE ON ARISTOTLES GEQOGRAPHY

Froni the geog1aphical review in thus chapter, and from the
passage 11 Book IL ch. 5, 362 a 32 . on the zones of the
earth, we leain Aristotle’s views about the dimensions and
geography of the habitable warld,

Anstotle believed the earth fo be a sphere, of no great
relstive size, situated at the cenire of the umverse {Rook 1.
ch. 3, 330 b 6-8, 340 2 6-8 : of. D¢ Caelon. 14,298 a 10 £,
where he guotes an estimate of 400,000 stades =ahout 48,000
e for its circumference).  There are two habitable zones of
the earth, “ one, in whach we Hve, towards the upper ole, the
vther towards the other, that 1 the south pole, he zone
in which we live is bounded by the {ropic of Cancer on the
south and the Arciic cirele on the north, the other sector zone
by the tropic of Capricorn and the Antaichic encle  They are
the only habitable 1egrons, the zone between the tropics being
urninhabitable owing to the heat, the zones beyond the Aretic
and Antaretic aircles owing to the cold.  The habitable zones
thus extend rght round the globe in two broad sirps; and
the length of the porhion of our strip which we know, that m,
from ¥ the milars of Heracles to India,” evceeds 1ts bieadth
i the proportien of 510 3. * Beyond the Pillars of Heracles
and India hes the ocean which severs the habituble zone and
mevents 1t forming a continnous belt,” theugh of i were not
for the ocean the complete encmit could be made,

HBuch 15 the account of the zones of the earth i Book IL
¢h. 5, and 1t gives us the geneml dimensions {length 5:
hreadth 8) of the ma}is {wepeéBouy 350 a 16) whieh Arstotie
has 1 mmnd 1 Book I. ch, 18, In this chapter he is not, of
course, sething out to give an account of the geography of
the known world ; he is nsmg geography to tlustrate the
theme that the largest rivers flow from the highest mountains.
But it seems clear that he had a map or maps 1n mund, if not
before him, and 1t shonld therefore be possible to draw a map
that wiil 1llustrate what he saﬁg.

Such a map is gven here (Map 1) together with a map of
the same area a8 we know it to-day (Map 23 In making
ties map, and 1o identifymg the rivers and mountains to
which Arwstotle refers, I have been gwded isf)gely by the
following works [ addition to Ideler and the O.F): Bun
bury, Hustory of dncient Geography, vol. 11 Tozer, History of
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NOTE ON ARIBTOTLE'S GEOGRAPHY

A nerent Geography (Ed. 2, with additional notes by M. Cary);
E. H. Warmnngton, t/1esk Geography ; Hedel, The Frame of
the Ancient tfreek Maps; J. 1. Myres, article on Herodotus's
maps 1 the Usographical Journal, 8, 18863 D. Beolchest,
Arwatoteler Bralunde von Agisn wnd Libyen. TProf Hedels
book 1 have found parbeularly ugeful, as it explainy ve

clearly how the thiec co-ordinates, summer-equinoctiai-
winter-sunrise and sunset, were used as the frame withmn
which (Gieek maps were drawn (see Map I). To these
authors the reader 15 referred for further mformation, but
the following netes on particaiar identifications may be useful

1. Mourramvs.

Paraassus 550 2 19, By this Aristotie must mean the range
which later wriers called Paropamsus or Palopamsus: e
the Handu-Kush {Tozer, p. 133, Bunbury, p. 400, Heidel, p.
42, note 107). Aristotle locates 1t ** towards the wmfer dawn,”
which Heide! thinks too far south., But theie 1 ne sulhorty
for a change of the test to read * equinochiel ™ or “ summer
dawn * as Hewdel suggests . and it looks ag if m Arssiotle’s
map Parnassus balances Caveasus (550 a 26) which 15 towards
the swmmer dawn {the Greeks hked therr maps to be sym-
metrical: ¢f Myres, loe. eif, p. 608} ; though it 18 true that
with the present reading the course of the Araxes-Tanas s
very long. Hedel {{oe. oif.) also thinks Arstotle puts the
DPyrenees too far south, and has seggested that the text should
be amended (v 356 b 1 and note ad loc.). But Herodotus,
who thought the Ister {Damobe} rose *‘ from the city of
Pyrena ” (1. 33), scems to Jocate if very far south {¢f. maps m
How and Wells’s Commentary, p. 908, Tozer, p. 15, Bunbury,
p. 192}, and 1t 1 sl possible to draw & map without altering
the text. But the map could of course quie easily be re-
drawn if these two amendments of Hesxdel were adopted.

The Suver Mountawns {350 b 14}, the source of the Chre-
metes and the Nile, are more difcult to place. But Olymp,
105, 30 identrfes them with the mountains called later the
Mountains of the Moon, which Tozer (p. 352) supposes io
be Mounts Kihmanjere and Kenya, Warmmnglon {p, 144)
suggests the Ruwenzorl range which, though eguatonal,
has mules of snow and gladier” I have placed them in
Central Africa where they balance the mouniam masses in
Central Europe, For Herodotus thought thal the Nile
followed an easterly course in its upper reaches, and it was
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not until the Piolennes that a fuller knowledge of i was
gamed,
2. Rivess,

Choaspes, walled by Herodotus v 5¢ ™ the river on whiuch
Susa stands,” and so presumably the Karun fver. But
Anstotle may have s different Choaspes 1z mind : Bunbury,
p 434 (¢f Bolchert, }E) 80}, suggests the Cabul RKiver,

Bactrus ** 16 probably the ‘:ver of Ractria '—that ., ihe
Outs " {Bunbury, foe. crd.),

drapes 1t seems generally agreed that by this Atmtotle
means the Taxartes or Syr Darya : ¢f. Bunbury, pp. 400 and
434, Tozer, pp. 82, 185 and additional notesif. xvi, and for
Herodotus's confusions about ithe Araxes, How and Wells,
1. %‘;})1 152 and 202,

e (Jhremeter 15 otherwise unknown, unless 1t 15 to be
wentified with the Chretes of the Perpius of Hanno, which
was probably the Senegal Raver or a branch of 1. It s
possible that Arwntotle may have had scine knowledge of the
voyage of Hanno, just as the pernistent Greek tradition about
the shallowness of the sea beyond the Plllars. of Heracles
{Book II c¢h. 1, 854 & 921 of. Plato, Tonagus 25 »} may
reflect the experience of Himilco m the Sargasso Sea: see
Runbury, pp. 324-325, 385 and 401 {Hanno}, and 402-403
{Hzmleo), Tozer, pp, 111-113 {Hmnleo).

The lack of any reference to the Tigriv or Euphrates »
sutprising, for they were known to Herodotus and could have
been used to 1lustrate Aritotle’s thesis.

CHAPTER XIV
ARGUMENT

The sgme dratricts of the earth are not always wet and dry,
nor the same ploces alwoys seq and land.,  The reason for this
1 that different parts of the earth grow old and dry up at
differant tames, while others eorrespondingly revive and grow
wet (351 a 19-b 8). But the whole process takes a long tme
to complete, and peoples persh by war, pestilence or fomine
Before it 1s complete, so that no vecord of ot is preserved (351
b 8-22). So aleo a people forgets e own first settlement
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The tradihonal consonsus of opinion {&}" Tozer, pp. 184,
136, Bunbury, 401} 15 that Ainstotle did not distingush
the Casplan and Aral: and I have drawn the map acvord-
mgly. But Anstotle speaks at Book [1. ch 1, 354 2 8 of the
Hyicanian and Caspran ss distinet (g Book II ch. 1, note 2
on p. 128}, and Tarn {4 lecander the Greot, vol 15.pp. § .1 has
argued that he beheved the two seas to be separate, s name
for our Caspian being Hyrcaman, for cur Aral Casplan. Tarn's
argement 15 persuasive , but the reference 1 Book [J. ch. 1
 the only reference in Aiitotle’s genume works to ether
sea, it 15 8 passing reference, not made m the course of his
geographical remiew, and it 15 not easy to draw any firm con-
clustons from 1. If Tain's view is accepted it must he on
the strength of his contenton that the truth was known to
Alexsnder before hus expedition 3 for if this 1 50, 1t 1 reason:
able to suppose, in view of this reference, that 1t was known
to Arstotle and that Alexsnder learned o from hun I
Arstotle hebeved the two seas to be separate, then the map
should be redrawn to show the Araves and Bactrus falkng
mte the Caspran-Aral, thongh this makes the conrwe of the
Araxes-Tanals even more awioward and perhaps strengthens
the case for Hexdel’s emendment of 350 & 21

4. 0. Thomson, Hstory of {acient Geography, to winch
reference may also be made, agpeared when this note had
already gone to the press, as did also 1. Pearson's artwcle 1n
%’.Q. ahv (NL8. 1) (1951) pp. B0 I, in which he cribeazes

arm.

CHAPTER X1V
ARGUMENT (continued)

a district und the character of the district al the time of seitle-
wment, g has happened wn Hgypt. We can, however, nfer
From the evidence we have thet this is a district that s drpng
up. It kas been formed by the silt deposried by the Xile @ the
depost w8 at first marshy bul smproves as f dries ond is then
inkabited, while ofher drstricle deteriorate and besome too
dry for habitation. A sinndar imprevement and deterwro-
teon has taken place in Argos and Mycenae, The sgme protess
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tokes place on o larger seale and qffects lorger areas (851
b 22352 a 1Y).

The cause of these changes w8 not, ae some say, a change n
the universe as a whole—ihis 18 to lose sight of the relatively
smell sure of the earth—Dbut periodionl seasons of rawm, as 4
weve winters in a great year, which affect different parts of
the eqrth at different tumes : e.g. Deucahon’s flood (352 a

ss1a1e Ok alel 8 of adrol vdmow 7hs yfs o’ éwwypol
20 elow olre Enpol, dAAd peraBdMovow ward tas Tdv
moraudy yevéo-ef,s ki 7ds &wo?:erfx,bet.s 88 xai ﬂr&,
*mspa mv 'rgwecpov maﬁa)t)tet. rat v Sa.?tamv, Kad
owc mei, Td pév ‘y'}] 7¢ 8¢ fdAerra St.a-re?tet. ﬂ"am‘a
0V ypovov, aAAd ylyverar QdAarra pév dmov yépoos,

26 é’vﬁa 3¢ vilw fdAarra, wé,?tw évraifla v, xard pe’wot.
Td fmfw vo;.uf,’ew X rofra 'yt.}/veo-ﬁat. Ka‘.b mepi-
030v a,pxq ¢ 'rom'wv wai alriov 8t kal s ¥7s
rra ewos, wcrwep 70 cdpara TEY Gurdy ica:, gwwv,
ax,wz;v e xal yhpas. w?tnv éreivois pév ot xard
pépos radra aupﬁawet. wao‘xew, aAx’ a;.za néy
seaxp,a.{ew kel c,{:gwew dvayxaioy' 14 Se yf} Tabro
'yt.'yvmt. xard pépos Sw. il wal ﬁe,o;.wrmﬂ.
rafira pév odv adferar xal ¢Blver dia Tov TAwor kai
v meppopdy, did 8¢ rabra kal Ty ddvapr rd
pépy 7S vl Aapfdve. Sadépovoar, dore pdype
rwos &vutpa ddvarar Siapdvaw, elra Enpaiverar kal
8 ynpdoxe, wdAw- erepor B¢ Tomor Puboxovrar kol
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Lecfau, -rom'wv 8¢ cmpﬁawowwv ToUs wm-a,uovs'
mpdiToy pév éx peyddwv puxpols, elra Télos yi-
yveoflar Enpovs, Tav 3¢ moraudy peborapdvay kal
évfev pév adanlopdvav & dAows & dvadoyov
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17-b 8)  The effecis of such a deluge laet a long #ime, and
longer wn dhatricis with swatable wountan ranges fo retoin
the motsture (852 b 2-16). These changes wust tahe plave :
and the farts show that they have. Ewmdonee —Egypt has
heen formed by Nile deposits, and lres lower than the Red Seq :
clearly 1t was onoe all confinuous sea.  Lake Maeotra 1e some-
larfy siltwng up (352 b 16—-353 a 14).  Conclusion (855 a
14-28).

Tur same parts of the earth ave not always moist or Chsgesin
dry, but change their character according to the MIFdIty
appearance or failure of rivers 8o also mainland and F‘j};‘é‘;& ;
sea change places and one area does not 1emain earth, sea and.
another sea, for all time, but sca replaces whal was lsnd
once dry land, and where there is now sea there & at
another time land. This process must, however, be
supposed to take place 1 an orderly eyele. Its
originating cause is that the interor parts of the earth,

itke the bodies of plants and ammals, have thewr
maturity and age. Ounly whereas the parts of plants

and amemals are not affected separately but the whole
creature must grow fo maturity and decay at the

same time, the parts of the earth are affected separ-

ately, the cause of the process being cold and heat.

Cold and heat increase and decrease owing to the

sun’s course, and because of them the different parts

of the earth acquire different potentialities; some

are able to remain moist ap to a certan point and

then dry up and become old agam. while others come

to hfe and become meist in their turn. As places
become drier the springs necessarily disappear, and

when this happens the nvers at first dwindle from

their former size and finally dry up; and when the

rivers are removed and disappear In one place, but

come into existence correspondingly in another, the
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351 h I i’ & r o 1
5 prpvoudvo perafdirery Ty OdAarrar Smou uéy
yop éfwlovudvy Smo TdV moraudy émdesvaler,
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pyvdueva, xal wpirepoy SAwy Tdv vdv drdiea
yiyvovraw xal dlopai mpiv urnpevenfivar Ty Tod-
ey p,e'raf?o)tf)v é tipxﬁ‘s 6'59 'ré/\os; pfyamaf uéy
ot $lopal ylyvovrar kal rdywral év rols modduas,
15 dAAaw Be véwars, ai 8¢ doplas, ral Tavras af pév
peydiar al 8¢ xard uxpdv, dore Aavldvover rdv
ye Towtrwy vy kal ai peravacrdoes Hid 1o
Tots pev Aelmew Tds ydipes, ToUs 8¢ Dwoudvew
péxpr Todrov udypimep dv pmrére Sdmrar Tpddev
% xepa '3‘3‘)}'680‘5‘ ,u,a?Séz:. ci’:rf} :r'ﬁg 'irpu'rr'qs" oty o’ﬂrci«
20 Aelifecws els v Jordpav eixds viyveolour uoscpois
iy dorép phyveolou paxpo
i minfdoven ci. O.T.
2 :ﬁgz::j;a wiédvero mpooyovpdey M WU mlnfloves -
afvere wpoyoupéry Ni: wAnbtvovoo éfnpalvers mpooyouud
. XOUpEr]
we b dfmpolvere {In ras.) amdgfdovex {1n ras.) mpocyoupdsy
{-o- fortasse postea add.) E,: nifdrere Syovudrm W wiifovoa
éfnpatvere wpoeyoupdvy Ald.

@ Bavers full into the ses at A, push it back by siting and
cause i o flood the Jand at B: when the rivers dry up the
sea will recede from B {first dwov clanse 5-6), and at the seme
time flood the land made by the river silt at A (second Snov
clause 6-8). The two #mov clauses are concerned with the
same process but the first copsiders the flooding and sub-
sequent drying of B, the second the formation and subsequent
flooding of land at A, An exampie of the process as it affecty
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* METEDROLOGICA, I xiv

sea too must change. ¥For wherever it has encroached

on the land because the nvery have pushed it out, it

must when it recedes leave behund 1t dry land . while
wherever it has been filled and silted up by rivers and
formed dry land, this must again be floeded.®

But these changes escape our observation because Thew

the whole natural process of the earth’s growth takes [2a06%s
place by slow degrees and over periods of time winch long for
are vast compared to the length of our bfe, and whole fhem o
peoples are destroyed and perish before they can Tv7e.
record the process from beginnmng to end. Of such
destructions the most extensive and most rapd are
caused by war, others by disesse and famine. Famines

may be either mmmediately destructive or else so
gradusl that the disappearance of the people affected

goes unnoticed ; for when the inhabitants emngrate

in relays, some leaving, some remaning until at last

the land is unable to support any population at all,

the time that elapses between tll:e first and last

A can be found at 852 b 20 below. The whole of Egypt
has been formed by the Nile silt, It lies lower than tlEe:
Red Sea, which shows that the whole ares was once sea
{352 b 20-30}. So presumably when the Nile dnies up the
land will again flood. As the O.T. points out, Arstotle 18
more familir with one side of the process, the encroaching
of land on sea.

{My explanation in the first paragraph follows the O.T.
closely, Alex. gives the same explanation of the fivst wov
clause + but fakes Aywdlear In the second to refer to s stape
in the process of silting u? So he suggo&es that each clense
desenbes a way In wiich Jand 15 formed (by reburement of the
sea or by wilting), rather than that each deseribes from o
different point of view the same %roceas of reciprocal land
formation and floeding. The O.T. ewplanabion seems the
better, Its variant readmng »iypffovs does not materislly
affect the sense. The text of the passage 15 doubtful, as the
note on the text indicates,)
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¢ i, hefore starvation o1 emigration has removed the last
of the origmal inhabitants,
¥ In spite of the lack of records we can prove that the pro-
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METEOROLOGICA, 1. xiv

eraigration is hkely fo be too long for memory to
cover, and indeed so long that memory falls before
the last survivors have died out.® In the same way
we must sippose that the time of the first settlement
of the various pecples in places that were in process
of change from wet and marshy to dry has been for-
gotten. For here, too, the advance is gradual and
takes a long time, so that there is no record of who
the first settlers were or when they came or in what
state they found the land,
This has happened in Egypt. This is a land which Bxamples :

1s obviously in the process of getting drier, and the %89%
whole country ig clearly a deposit of the Nile : but
because the adjacent peoples have only eperoached
on the marshes gradually as they dried up, the be-
ginning of the process has been lost in the lapse of
time. We can see, however,? that all the mouths of
the Nile, except the one st Canopus, are artificial and
not formed by the action of the river itself; and the
old name of Egypt was Thebes. Homer's evidence ?
proves this lagt poing, thongh in relation to such
changes he s comparatively modern : for he mentions
the country as though Memphis either did not exist
as vet at all or at any rate were not a place of ity
present importance. And it is quite lkely that this
was in fact so, For the higher lands were inbabited
before the lower-lying, becsuse the nearer a place
is to the point where silt is being deposited the longer
it must remain marshy, as the land last formed is
always more water-logged. Bul this land changes

cess has faken place by adducing the following facts as
evidence,
+ Homer, I, . 8811 ef. Od iv, iv. 83-85, 228 £, xv.
245 1, 205
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2 The reference s presumably to Demoeritus, o whom a
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m 1ts turn and m fume becomes thriving, For as
places dry they improve, and places that formerly
enjoyed a good climate deterforate and grow too dry.

This has happened mn Greece to the land about ereece.
Argog and Mycenae. In the time of the Trojan War
Azxgos was marshy and able to support few inhabrtants
only, while Mycense was good land and therefore
the more famous. Now the opposite is the case for
the reason given above: for Mycenae has become
unpreductive and completely dry, while the Argive
land that was once marshy and unproductive i3 now
under cultivation. What has happened m this smail
distret may therefore be supposed to happen to
large dwstricts and whele countries.

Those whose vision is Hmited think that the cause The cuse
of these effects 1s a universal process of change, the Eih%
whole universe being in process of growth, So they pertotioal
say the ses is becoming less because it 1s drying upe &
their reason being that we find more places so affzcted
now than m former times. There is some truth in
this, but some falsehood alse, For it is true that there
15 an inerease in the number of places that have
beeome dry land and were formerly submerged; but
the opposite 18 also true, for if they will look they will
find many places where the sea has encroached. But
we must not suppose that the cause of this 1 the
growth of the universe: for it is absurd to argue
that the whole is in process of change because of
small changes of Lmef duration hke these; for the
mass and size of the earth are of course nothing eom-

- pared to that of the universe.? Rather we should

belief that the sea 1s drying up 18 attributed in n. 3, 356 b 10,
a passage Diels quotes as 68 A 100,
b . ch, 3, note g on p. 12,
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suppose that the cause of ali these changes is that,
just as there is a winter among the yearly seasons,
so at fixed intervals in some great perod of time#
there 15 a great winter and excess of rains. This does
not always happen in the same region of the earth:
for instance, the so-called flond of Deucalion took
place largely in the Helleme lands and particularly
in old Hellas, that is, the eountry round }ga{lom and
the Achelous, a river which has frequently changed
ita course. Fere dwelt the Sellof and the people then
called Greeks and now called Hellenes, enever
such an excess of rains cceurs it must be supposed to
suffice for a lax;% fame. To give an analogy-—We have
just said that the cause of some rivers flowing peren-
nislly, some not, 18 considered by some to be the size
of the chasms beneath the earth, but that we con-
gider it to be the size and frequency and low tewpera-
ture of mountainons districts, for such districts cateh,
contain and produce most water ; while if the moun-
tam systems overhanging a district are either small
or poreus and composed of stones and clay, the supply
of water runs ouf earlier : so then we must suppose
that where the fall of water is so large, it tends to
make the moisture of the distriets almost inexhaus-
tible. But in course of time disinets of the second
kind dry up more, the others, that 1s those of the

¢ Perhaps o grest year, the period which 1t tales the
heavenly bodies to return to the same relaive positions.
This is an old idea: of. Heath, dristarchus, and Taylor,
Commentary on Plate’s Timaeus, p. 218, od 89 ».  There s
no asseciation of the great year in this passage with periodic
cataclysms : but the 1dea that there are such cataclysms
ocours several times m Plato, Tim. 22 8-c, 23 a5, Laws 877 a,
COritéas 109 v, of. Poltieus myth 268 = £, esp. 273 4. Com~
pare the doctrine of a recurrent cyele of knowledge, ch. 3,

note £ on p. 18,
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most kind, less,® untl the beginning of the same
eycle returns agan,

Since some change must necessanly take place .f’f"“‘gﬁ""

o

in the whale, but this change cannot be growth and
decay as the universe is permanent, it must be as we
say that the same districts are not always moistened
by sea and rivers nor always dry. The faets prove
this. For the land of the Bgyptians, who are sup-
pozed to be the most anaent of the human race,
appears to be all made ground, the work of the river.
This 15 elear to anyone who looks at the country
itself, and further proof is afforded by the facts about
the Red Ses  One of the kings tried to dig a canal
tost. (Forit would be of no little advantage to them
if this whole region was accessible to navigation:
Sesostris is said to be the first of the ancient kings
to have attempied the work } It was, however, found
that the sea'was higher than the land: and so Sesostris
first and Dareius after him gave up digging the canal
for fear the water of the river shonld be rumed by
an admixture of sea~water.? This makes it clear that
there was once & confinuous ses here, which again is
rafre. Enpaavipeve yiyrero, drrw vd ulpe, Bdrepa 88 whelw,
we . .. Thns the contrast is between districts subjeet to
the deluge and m consequence wet, which shrink while other
dustricts not subject to it and so dry correspondingly expand.

yeyvdpave (14 18 condemned by Ideler (i, p. 487} as well s
by O.T. and Thurot, and does not seem to have been resd by
Alex. Ihave therefore bracketed it. flarror seems necessary
mn 1, 14 on the interpretation 1 have adopted.

B OF. Herod. 1. 108, 158, Strabo xvi. 25, Diodorus L 33,
Phny, Nat. Hist. vi. 88; and Howand Wells's Commentary on
Herodatus, vol. L pp. 245248, The canal ran from the Nile
at Bubastis to the Bitter Lakes and thence southwards to
the Red Sea. Strabo, Dnodorus and Phny oIl mention the
diffienliy caused by the difference In Jevels, which Diodorus
says wag overcome by means of a lock.
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METEQROLOGICA, 1. xiv

why the district of Ammon ®1n Libya is unexpectedly
feund to be lower and holiower than the land to sea-
ward of it : for clcarly what happened was that the
river deposited sil which formed dry land and lakes,
but that in course of tme the water left 1 the lakes
dried up and bas now disappesred. Furthermore, Lake
there has been such & great increase of river silt on the Matotls.
shores of Lake Maeotis that the ships that ply there
now for trade are far smaller in size than tﬁey used
to be sixty years ago  And from this fact it 15 easy
to deduce bthat, hke most other lakes, this too was
originally produced by rivers and that eventually
it must all become dr%. Besides, there is always a
current through the Bosphorus as & result of the
sitting, and one can even see with one’s own eyes how
the process works. Fer whenever the current made 2
sandbank off the shore of Asia, there formed behind
it at first & small lake, which subsequently dried up :
then a further sandbank formed in front of this one
and another lake, and so the process went on. When
this has hafppened often enough the channel must
in course of time be narrowed tH it is Hke a river,
and even this in the end must dry up.

¥t is therefore clear that as time is infinite and the Conclusion,
umverse eternal that neither Tanais nor Nile abways
flowed but the place whence they flow was once dry .
for their action has an end whereas time has none.
And the same may be said with truth about other
rivers. But if mvers come into being and perish and
if the same parts of the earth are not always moist,
the sea also must necessarily ehange correspondingly.
And if 1 places the sea recedes while in others it
encroaches, then evidently the same parts of the earth

# Qattara Depression,
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+ METEQ@ROLOGICA, I. siv

as a whole are not always sea, nor always mainland,
but in process of time all change,

We have now explained why the same parts of the
earth are not always either dry land or navigable
water and what the reason for this 15: and we have
explained similarly why some rivers are peremnial,
some not.

121



B

CHAPTER 1
ARGUMENT

The sea and s nature. (I} Previous mews. The theo-
logrians believed that the seq has sources (ke a rwver} ; the
seeular philosophers believed that 1t had @ beginnang wn fums
and give varwous aecounts of e saftness {858 a 82-b 16).
{IT) The sea cannot have sources. A (1) Waoter that has
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BOOK II
CHAPTER [

ARGUMENT (confinued)

source 18 elther running or aritficiald, the zeq is neither ; (9)
some seas ore land locked and thewr sources would have been
digrerned (358 b 17854 & 5). B (1) Though the sea doss
JSow wn places thes vs dua (1) fo confinement 1 narrow straits,
(2) to differences of depth (354 a 5-34).

QOua next subject is the sea and its nature, the pro-
blem of why so great s volume of water is salt and of
its orginal formation,

(I} The ancents who concerned themselves with The Theo-

theology * make it have sources, their purpose being 1°9*%
to provide both land and sea with origins and roots.
They perhaps supposed that this would give & more
dramatic and grander air to their theories, according
to which the earth was an important part of the
unijverse, the whole of the rest of which had formed
around it and for Hs sake, as if the earth were the
most important and primery part of it.

Those who were more versed in secular philosophy The Philo-
suppose it to have had a beginming They say that

OF. Hesiod, Thaogony 283, T85-T52.
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o

Foropsvapdvey Eoe 38 Thuret QUT. : repuevcopden {ut
videtur) £+ rapevépevor Fobes,

¢ Alex., on the authority of Theophrasius, attribntes ths
view to Anaximander end Diogenes of Apolioma {ef, Diels
13 A 27 and 64 A §, 17): though there iz als er a b Some
reminiscence of Thales and of Anaximenes (I}xe T
There are, however, two views of the cause of the solstices
to he found m this and the following chapter: (1) that thesun
15 fed by moisture and the solstices are due to the lack of
354 b 84355 o 5 {2) that they are due fo the resistance of
the sir 858 b 7, 255 2 28-25. The second view was held by
Anagimenes (Diels 18 A 15); and also, according to Theo-
phrastus, by Anaxnnander and Dhogenes. Ideler {1, p. 509
seems m%}t . a.*:trxbutmg the first mew to Heracleitus: o,
Burnet, £.G.P.4 pp. 155-156, and especaally the passege
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‘METEGROLOGICA, 11 &

at first the whole region about the earth was wet,? and

that as it dred up the water thas evaporated became

the cause of winds and the turnings of sun and moon,?

while what was left is the sea: consequently they
believe that the sea js still drying up and becoming

less, and that in the end a time will come when it is

all dried up, Some ¢ again believe that the ses is, as

it were, the sweat of the earth which it sweats ount

when the sun heats it : which is the reason why it is

sait because sweat 15 salt, Others ¢ suppose that the

earth is the cause of its saliness ' just as water strained
through ashes becomes salh, so the sea is salt be-
cause earth with thie property is mixed with o,

(II} We must therefore now show by an examina- The sea,
tion of the facts that the sea cannot have sources, — Jhmbobheve
A (1) The water on the earth’s surface is either )

running or standing, Running water fows from
sources. {We have spoken about sources above and

said that a souwrce must not be supposed to be the

pomnt at wiich a supply of water flows out of & kind

quoted from the Ilept Auafrgs. But Burnet, Diels and Heath
all ignore the passage 354 b 34855 4 5 in which this first
view is given,

? Heath, Aristarchus, p. 3% (following Zeller, Phil, der
Griechen®, i, p. 298, note 1), doubts if rporal can mean solstice
here. But his doubts are parfly based on his interpretation
of 855 a 25 {on which see (:I?: 2, note b on p. 135), and of the
reference to the moon here he says * »peral could be used of
the moon m a sense suffclently parailel to #s use for sol-
strces,” It seems better, therefore, to take rpowel 1 what is
its natural sense as referring fo the iz of the variabons
in the course of the sun (solstices} and of the moon, £f.
Burnet, B.G.P.%, p, 63, note 2,

¢ Empedocles 1 of, 357 & 24 and Dhels 31 A 86, Also
Democritus {Diels 88 A 99 A} and Anhiphen {87 B 32).

¢ Xenophanes : Diels 21 A 88 (4); Metrodorus: Diels
TG A 195 Ansxaporss: Diels 58 A 90,
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30 Sagpopai Tooabrar kai Torabrar QY Hddrwy elod
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elvaw 1AV yevdv adrmiye olite ydp dmdppurds dorw
odre yeapormolmros, v¢ d¢ mmyata wdvra rovraw
Bdrepov mérovlev: adrdparov 8¢ ordoyoy Toooirow
35 mAfifos odév dpduev mzya’iov VIPVOUEVOY,
ss42  "Er 8 émel mAclovs eivl dAarrar mpds ddMidas
ot cuppsywovoar xar oddéva rdmov, dv 7 udv
épulfipa palveTar xave pikpdv xowwvoloa wpds T
Ew ornrév Bddarray, 1 & Voxavia xal Kaonia
KEYWPLTUEVaL TE TAUTNS KOl Tepiotkoduevar xkAg,
s dor’ ovx dv éAdvlavov ol myyal, € word e
rdémov adrdv fHoav,
Péovon & % fdrarre dalveras kurd Te T
arevéryras, € mov §iud Ty mepdyovoay yiy el
purpdy €k peydiov ocvvdyerar wmeAdyouvs, Sid T8

1y By MU H Ny 1 o Thurot O.T, ;& Fobes,
2 dmard By B W A H N Ap Thurot 0T, 1 dwavridy Fobes.

e Aristotle’s langusge here, with the plural particples,
imphes, as Tarn remarks (dlevander the (fread, 1. p, 6,00t 3},
that the Hyrcanian snd Caspian ave separate sess. If this
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‘METEGROLOGICA, 11 ¢

of vessel, but the point at which water which is con-
tinuslly forming and tnckling together first gathers.)
Of standing water some collects and remains statie,
for instance swamps and lakes, which differ only in
size ; some springs from sources, but is always made
to do go artificially, as for instance the water in wells,
For the source must always be higher than the stream
it feeds 1 and hence water in springs and rivers rung
of its own accord, but well-water always needs an
artifielal construction, This is & complete enumera-
tion of the vaneous species of waper : and from this
classification one ean see that # is impossible for the
sea to have sources. For water that has a source is
either running or artificial : but the sea has neither
of these characteristics, and therefore canpot fall
into either class  And we know of no volume of water
of eomparsble size that has sources and yet stands
of rts own aceord.

(2) Besides, there are many seas that have no con-
nexion with each other at any point; for instance the
Red Sea commumeates wm?x' the ocean outside the
straxts by only a narrow channel, and the Hyrcanian ¢
and Caspian have no connexion with the outer ocean
and are inhabited all round, and so their sourses
would have been observed if they had any any-
where.

B (1) The ses, however, obviously flows in narrow
places where a large expanse of water is contracted
by the surrounding land into a small space : but this

iz Aristotle’s veal view, and ke s not merely confused by a
single sea having fwoe names (of. Banbury, 4ncisnt Geography,
1 p. 401, andmg. Bolchert, Aristotelss Hrdkunde von Asisn
wnd Libyen, p. 10), then the seas in question must be the
Caspian {"Tprovla) and Aral Km(ag. See also Nobe on
Anstotie’s Cfeogrsphy at end of Book I, ch. 18,
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"METEOROLOGICA., II. 1

is because the sea ebbs and flows frequently. In a
large expanse this motion is unnoticeable ; but where
the expanse 15 small because the shores constrict it
the ebb and flow which in the open sea seemed small
now seems strong ¢

(2) The whole Mediterranean flows aceording to
the depth of the sea-bed and the volume of the rivers.
For Lake Mueotis flows into the Pontus and this into
the Aegean. In the remaining sess the process is
not 50 obvicus. In the seas mentioned it takes place
beeause of the rivers—for more rivers flow into the
Buxine and Lake Maeotis than into other areas many
fimes their mze—and because of then shellowness,
For the sea seems to get deeper and deeper, the
Pontus being deeper than Lake Maeotis, the Aegean
deeper than the Pontus, and the Siolian sea deeper
than the Aegean, while the Sardmian and Tyrrhenian
are the deepest of all. The water outside the pillars
of Heracles is shallow because of the mud but calm
because the sea hes in a hollow.? As, therefore, rivers
in particular are found to flow down from high places,
soin general the flow is greatest from the higher parts
of the earth which lie towards the north. 8o some seas
are shallow becanse they are always being emptied,
while the outer sess are deeper. An indication
that the northerly parts of the earth are high is the
opinion of many of the andent meteorologists ¢ that

and fow {ht swmging to and fro) of the sea, for he had no
real knowledge of the trdes.

B 4. 1t 18 shallow, yet the water does not How back (as
you might expect on the analogy of Maeotis, efc.} because
the sea fles 1 a hollow ag is pmveg by the calm (Alexander}
{O.T.). For the shallowness of the sea beyond the Pillars of
Heracles ¢f, Plato, Timasus 25 »,

¢ Ansxymenes : Dhels I8A T (B) 14
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CHAPTER II
ARGUMENT

The sea (contenuedy. (I Its origin and saltness. Our
predecessors regarded the sea as the main body of water ; ond
some thought that rivers flow owl of it as well ag wnio 42 (354
b 1-18). Buf why then seof salf ! Water surrounds the earth
Just as aw surrounds water ; and the sun evaporates fresh
water, whieh subsequently falls as rawn (354 b 18-38). (The
sun cannot be fed by mossture as some have mainiamed, for
1) the analogy with flame which they use is not valid ; {2) fire
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METREOROLOGICA, 1L »n

the sun does not pass under the earth but round its
northerly part, and that 1t disappears and causes
night becanse the earth is high towards the north.

5o much then for our proofs that the sea cannet
have sources, and for the reason why it seems te flow
as it does,

CHAPTER I
ARGUMENT (continued)

3 not fod by the waler which 1 heats ; (3) when waler s
evaporated an equwslent amount always condenses ond falls
agam (354 b 85—355 a 32).) The fresh water, then, 4
evaporated, the sall water ve lgft. The provess te analogous to
the dagestson of liguad food. The plase ocouped by the sea w
the natural ploce of water @ and fresh water cvaporates more
quickly and easwly when it reaches and is dispersed . the sen
(358 & 32-b 82). Critimem of the account of rwers and the
soi given in the Phaedo (356 b 52--856 b 2).

(I ]} W= must now deal with the origin of the sea,
i it had one, and the reason for its salt and bitter
taste,

The reason that made our predecessors think that pregeces
the sea is the primary and main body of water is that so Views.
they thought it reasonable to suppose that what was
true of the other elements must be true of water.

For of each of them there is one mass which is primary
because of its volume, and from which come those
parts of it which change and are mived with the other
elements : thus there is a mass of fire in the upper
regions, of air in the region beneath that of fire, and
a main body of earth round which it is obvious that
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« METEOROLOGICA, 1L 1

the other two lie. Clearly, therefore, we must lock
for something analogous for water. But there iz no
obvions single mass of water, as there 1¢ of the other
elements, except the sea.  For the water of the rivers
15 neither a single mass nor standing, but appears to
change continuously from day to day. It was this
d:fienlty which led people to suppose that the sea was
the primary source of moisture and of all water. So
some say that rivers not only flow inte i but out of
it,% and that the salt water becomes drinkable by
bewmg filtered. But thereis a further difficulty in the
way of this view——Why is not this body of water fresh
and not salt, if it is the origin of all water? A know-
iedge of the reason for this will provide us with an
angwer to the difficulty and slso ensure that our basic
wdeas about the sea are eorrect.

Water surrounds the earth just ss the sphere of air
surrounds water and the so-called sphere of fire sur-
rounds that of air—fire being the outermost both on
the commonly accepted view and on ours. As the
sun moves in ity course—and by its movement causes
change, generation and destruction—-it draws up the
finest and sweetest water each day and makes it dis-
solve into vapour and rise inte the upper region,
where It is then condensed by the eold ang falls again
to the earth. 'This is the nstural and normal course
of events ag we have said above.?

Water
surrounds
earth.

(So it is absurd to believe as some of our prede- The o

cessors have that the sun iz fed by moisture. Indeed poniyre.

some say that this is the cause of the solstice,’ as the

* Xenophanes: ihels 21 B 30.
¥ Book I ch. 8.
¢ Heracleltus: ch. 3, note & on p. 124, It is not clear to
whom, besides Heracleitus, Aristotle is referring in doou,
854 b 39 ; possibly to Heracleitus's followers.
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METECROLOGICA, 1L u

same regions cannot always provide it with nourish-
ment yet nourishment it must have or of necessity
perish, fust as the fire we can see burns as long as it
has fuel to feed it, and moisture s the only fuel that
will feed fire. This supposes that the moisture which
is drawn up reaches as far as the sun and that it nses
in the same way as flame does ; for this thecry of the
gun 15 based on the analogy of fire  But (1) in fact
there is no such analogy. Flame is the result of a
constant mefabolism of wet and dry : it is not a thing
that ean be fed, for it can hardly be smid to remain
one and the same for any length of time. But this
esnnot be true of the sun: for i it were fed in the
same way &s a flame, as they say, clearly there would
not only be, as Heracleitus ¢ says, a new sun every
day, but a new sun every second. (%) Besides, the
drawing up of moisture by the sun is similar to the
heating of water by fire © so that if the fire beneath
is not fed by the water above it, there Is no reason
to suppose that the sun is fed by water either, even
if its heat were to evaporate ail the water there is,
And it is absurd to think of the sun only and say
nothing about the maintenance of the other stars,
when they are s0 many and so large. (8) And they
are open to the same objection as those who maintain
that at first the earth also was moist, and that subse-
quently the universe about the earth was heated b
the sun ; that this produced air and led to the growt
of the whole heaven, and that the air caused winds
and the solstiees.? For we can see clearly that the
® See ch. 1, note @ on p. 184 It seems unmecessary to
take adrod to refer to obpardy as Heath suggests (op, it p. 53).
Neither rofrae (1. 24} nor adrof is unambigeous; and it
seems o give the hest sense if roitrov is taken as referring to

dépa and adrod to fMov: o Burnet, B.G.P.4, p, 64, note 1.
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water drawn up always falls again - Even if the corre-
spendence is not exact 1n any one year or any one
place, yet in a certain fixed period what was taken
is returned. So it cannot feed the heavenly bodies,
nor can some of it become and remain air while some
after becoming air turns into water agam ; all alike
is resclved into air and all condenses again into water )
The fresh and sweet water, then, as we said, is all Fiesh water

drawn up because it is light, while the salt water EJARomits
because 1t 15 heavy remams, but not in 1ts own natural remains.
place. For this is a diffienity which may be properly
rased (for 1t would be unreasonable that water should
not have 1ts nataral place hke the other elements)
and 1ts solution & as follows : The place which we see
the sea occupying is not really ite natural place ® but
rather that of water. But 1t seems fo be the sea’s
becsuse the salt water geis left bebund because it 15
heavy, and the sweet and fresh drawn up because
1t is Hight. Something similar happens in the bodies
of hving things. For here the food when it goes in
1 sweet, but the sediment and residue from hquid
food is bitter and salty—for the sweet and fresh part
of it is drawn off by the natural heat of the bedy and
passes into flesh and the other constituent parts of
the body as appropriate.? But it would be absurd
not to regard the belly as the proper place of fresh
liguid food becasse it vanishes so quickly, but of
residue because ths is observed to remain. Bimilar
remarks apply in our present subject. The place
occupied by the sea is, as we say, the proper place of
water, which is why all rivers and all the water there
is run into 18 : for water flows to the deepest place,

@ (If. abave, 354 b 28 i, and note at end of Book 1. ch. 8,
¥ 3. Book IV. ch. 1, noie a on p. 284
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and the sea cccupies the deepest place on the earth.
But one part of 1t %15 all quickly drawn up by the sun,
while the other for the reasons given is left behind
The old guestion why so great an amount of water
disappears (for the sea becomes no larger even
though mnumerable rivers of immense size are flow-
ing inte 1t every day) is quate a natural one to ask,
but not difficult to answer with a little thought. For
the same amount of water does not take the same
time to dry up if it is spread out as if 1t is concentrated
in a small space : the difference is so great that in
the one case it may reman for a whole day, in the
other, 1f for instance one spills a cup of water over &
large table, it will vanish as quick as thought. This
is what happens with rivers : they go on flowing in
a gonstricted space until they reach a place of vast
area when they spread out and evaporate rapidly
and impereeptibly.

Plato’s description of rivers and the ses in the The Phaslo.
Phaedo® i3 imtgoz*,sib}e. He says they all flow into each
other beneath the earth through channels pierced
through it, and that their original source is & body of
water st the centre of the earth called Tartarus, from
which all waters running and standing are drawn, This
primary and origimal mass causes the fow of the vanous
rivers by surging perpetually to and fro ; for it has
no fixed position but iz always oscillating ¢ about the
centre, and its motion up and down fills the rivers.
Many of them form lakes, one example of which is
the sea by which we lve, but all of them pass round
again in & eircle to t}‘ae original source from which they

* {.¢. the fresh water. ¥ Phasdo 111 ¢ ff.
2 On the meanng of dheefu ¢f. Comford, Plate's Cos-

melogy, p. 183,
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flowed ; many return to it again at the same place,
others at & point oppesite fo that of thewr outdow,
for instance if they flowed out from below they return
from above. They fall only as far as the centre, when
once that is passed all motion 15 uphill  And water
gets its tastes and colours from the different kinds of
earth through which it happens to flow.

But (1) on this acecunt rivers do not always flow Obmetions.
in the same senge. For if they flow towardsthe centre
and alse away from it, they will Jow uphill a2 much
as dowm, according to the direction in which the surge
of Tartarus inchnes. And if this is so we have the
proverbial impossibility of mvers flowing uphill

(2) Besides, where 1s the water that forms ag rain
and is agsin drawn up to come from ? It must be
entirely left out of account if equality is to be pre-
served, for the same amount flows back to the source
as flowed from it. '

(8} And agsin all rivers that do not flow into each
other manifestly flow into the sea : none of them fow
into the earth, and even if they do dissppear under-
ground they come up again. The great rivers ave
those which flow for great distances through valleys,
but they are joined by many tributanes whose courses
they intereept because of the length and position
of their course. That is why the Istros and the Nile
are the largest of the rivers flowing into cur sea; and
beeause so many rivers flow into them different
accounts are given of the sources from which they
rizse. But clearly none of these things could possibly
happen on this theory, especially as it maintains that
Tartarus is the source of the sea.

This completes our proof that the place the sea Condnmon.
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occupies is the natural place of water and not of the
gea, and our explanation of why fresh water is always
running water, salt water standing ; and of why the
gea is the lerncinus rather than the source of water,
being snalogous to the residue of all food, and par-
ticularly of liquid food i living creatures,

CHAPTER HI
ARGUMERT {continted)

we have already spoken, which s andlogous to the vesidues left
wt combustion and digestron, and hke them sally, Thie dry
exhalation e mawed with the moist exhalglion, 16 corried
down with o w rawn, and so mahes the se solt (867 b 31—
358 a 27). Hence south winds end awlumn wnds are
brackish (358 & 27-b 12}, So the seq inereases in saltress,
Jor Bittle or no solf s lost in the process of evaporatwn (368 b
12-34). Bwamples to show that saltness is due fo an ndmiz-
ture of an appropriate substagnce (358 b 34-—853 b 28).

Tre sea's saltness is our next subject; this we must Cosmos and
discuss, and also the question whether the sea remains g
the same for all time, or whether there was a time
when it did not exist, or will be & time when it will
cease $0 exist and disappear as some people think.

It is, then, generally agreed that the sea had a
beginning if the universe as a whole had ; for the
two are supposed to have come inte being at the same
time. So, clearly, if the universe Is eternal we must
suppose that the sen is too. The belief held by Pemomius
Demoeritus ¢ that the sea is decreasing in volume and
that it will in the end disappear is ¥ke something out
of Aesap’s fables. For Aesop has s fable about
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Charybdis in which he says that she took one gulp
of the sea and brought the mountaing fo vnew, a
second one and the islands appeared, and that her
lest gulp will dry the sea up altogether. A fable like
this was a suitable retort for Aesop to make when the
ferryman annoyed him, but is hardly suitable for
those who are seeking the truth. For whatever cause
originally made the sea come to rest where it doeg-
whether it was its weght, as some even of these
earlier thankers say {for it is obvious that this is the
reason), or whether some other csuse—the same
cause must clearly make it stay where it is for all
time. For they must either say that the water drawn Evapore-
up by the sun does not fall again, or if 1t does, that I R4
the sea must remain, either for ever or at any rate as balsuce.
long as the process goes on, and that the fresh water
must continue to be drawn ap first. It follows that
the sea will never dry up : for before 1t can do so the
water that has left it will £a2ll again into it, and to
admit that this happens once is to admit it continues
to happen. If, then, yon arrest the sun's course, what
is there to dry the water up } But if you let it con-
tinue in1ts course it will, as we have explained, always
draw up the fresh water when it approaches and let
it fall again when it retires. This idea about the sea
drying up arose because many places were cbserved
to be drier than they were formerly; and we have
already explained ¢ that the cause of this phenomenon
fs an excess of rain at certain periods, and that it is
not due o the growth of the universe as a whole and
its parts, Some day the opposite will happen, and
after that the earth will again dry up. And so the
process must go on in a cyele. For this is & more

¢ Book I ch. 14, 3562 2 26 .
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reasonable way of accounting for the facts than to sup-
pose that the whole universe is 1n process of change.
But we have spent longer talking about these
things than 1s really justified. To return fo the sea’s The sess
saltness. Those who make it come into existence all fane®:
at onee, or for a matter of that those who make i dismtssd.
ecome inko existence at all, cannot account for its salt~
ness, For it is all the same whether they maintain
(1) that sea is what is left of the moisture on the earth
r evaporation by the sun,® or (2} that the taste
inherent in the great mass of naturally sweet water
is due to a suitable admixiure of earth.® For (1) on
the first view,® since the volume of water that falls
as rain is equal to the volume evaporated, the ses
must either have been salt in the first place, or of
1t was not it cannot have become salt subsequently.
But if it was salt at first the reason for this should be
given, and also the reason why if salt water was sub-
ject to evaporation then it is not now. While (2) as
for those who attnbute the sea’s saltness to an ad-
mixture of earth, saying that the earth has many
tastes and so when carried down by the rivers and
mixed with the sea it makes & sali—if that is so it is
odd that the nvers are not salt also. For how is it
possible that the admixture of earth of this kind
should have so obvious an effect in a large volume of
water, but not in each individual river? For it s
clear that on this view the sea is composed of water
from the rivers, a5 it does not differ from the rivers

¢ Thuret pousts out that the clause beginning odite freov
deals only with the first of the two views put forward in the
previous sentence, and that the passage makes better sense
if i 18 supgosad that some words have dropped out after
rowrrgy,  But neither mss. nor commentators give any in-
I

dication of a lacuna.
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*METEOROLOGICA, I

except 1n being salt and the salt is carried down in
them to the place into which they all flow.

It is equally absurd (8) for anyene o think, lke Em-
pedocles,® that he has made an intelligible statement
when he says that the sea 18 the sweat of the earth.
Buch a statemsent 1s perhaps satisfactory in poetry, for
metaphor is a poetic device, but it does not advance
our knowledge of nature. For it is by no means clear
how salt sweat 15 produced in the body from sweet
drink-—whether, for example, 1t is simply by the loss
of its gweebest constitnent or whether it 1= due to the
admixture of something else, as 1n the case of waters
strained through ashes. The cause appears to be the
same as that which makes the residue that collects
in the bladder bitter and salty though our drink and
the hquid in our food s sweet. If then the cause in
both cases 13 the same as that which maskes water
filkered through ashes bitter, and iof some substance
like the salty depesit we see in chamber-pots is
carried through the body with the urine, and secreted
1 sweat from the flesh, being washed ont of the body
as it were by the water on ite way out, then the
admixiure of some substance from the earth must be
responsible for the saliness of the water in the ses
also. Now in the body the sediment of food cansed
by failure to digest is such a snbstance. But we still
need to be told how anything of the kind is produced
in the earth, Besides, more generally, how can the
drying and heating of the earth canse the secretion

e a volume of water 7 And this can only

of so lar
be sma% proportion of what is still left in the earth.
Agzin, why does not the earth still swest to-day when

dried in larger or smaller quantities ? [For sweat and

s Diels 81 A 886,
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¢ These words do not fit mio the argument. “ The polnt
is not that the earth secretes moisture but not salt moisture
but, as the following lines show, that it does not secrete any-
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METFEOROILOGICA, I 1

moisture are both bitter.]®  For if it used to happen
once it should happen now. Yet in fact it does not
happen, but when earth 16 dry 1t absorbs moisture,
when it 18 moist 1t shows no sign of sweating. How
then can the earth when it first came into being and
was moist have sweated when dried P The view that
most of the moisture Jeft it and was drawn aloft by
the sun and that the sea is what was left is more
plavgible. But it cannot possibly sweat when it is
moist.

Thus none of the current explanations of the ses’s
saltness appear to stand examination, so et us offer
our own, starting from the principle already luid
dowm.

We have assuroed that there are two kinds of 3sitness

exhalation, one moist and one dry ; and of these the
latter must clearly be the origin of the phenomena
in question.

But there is 2 difficulty which we must discuss first,
Does the sea always consist of identically the same
parts; or does it remain the same in quality and
quantity though the parts are continually changing,
as in air, fresh water and fire ? For each of thege s
in constant process of change, though the character-
istic qualities of any aggregate of it remain the same,
as for instance with ronuing water and a burning
flame. It is then obviously plausible to zssume that
the same account must held good of all of them, so
that they differ only in that their speed of change

thing at all under the conditions supposed ™ (O.T.). The
O.T. omits the words altogether : but if the passage 15 to be
emended 1t seems better to follow Thurot and to omit + vip
Sypérys and read e, wel 5 Bpds yiywverm wwpds: “ Why
does not the earth stil sweat .. . snd that sweal taste

salt# "
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s METEQROLOGICA, . 1z

differs. In all the process of decay and generation
1s taking place, though in all it takes place in a fixed
manner.

This being so, let us try and give the reason for the
sea's saltpess There are many indieations that this
kind of salty taste is due to the admuxture of some-
thing For in living bockes it 15 the least digested
matter that is salty and bitter, as we have remarked
before. For the residue of liquid food is least
digested ; this is true of all waste produets, pringi-
pa%y of that which collects in the bladder (whose
extreme lightness proves 1t to be a waste product,
as digestion naturally condenses), but also of sweat.
In both of these the same substance 18 secreted and
produces this taste. Something sumilar happens in
combustion. What the heat fails to master becames
residue in living bocies, ash in combustion. So some
have maintaned that the sea is mede of burnt earth.
Thus expressed thewr opinion 1s absurd : but it is frue
that semething of this sort makes it salt. For we
must suppose that something happens in the world
as a whole analogous to what happens in the pheno-
mena just deseribed : just as in combustion there is
a residue of earth of this kind, so there ig in all natural

owth and generation, and all exhalation on dry

and is such z residue. And it is dry land that pro-
vides the great bulk of the exhalation. Now since,
as we have said, the moist and vaporous exhalstion
1s mixed with the dry, when it condenses into clouds
and rain it must necessarily melude a certain amount
of this property ® which will subsequently be carried
down in rain. The process follows a regular order,
% §¢ the dry exhalation which being & residue i salty.

" 1 seel, Fobes.
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METEOROLOGICA, II.

so far as things in this world admit of regularity.
This then accounts for the presence of salt m sea
water.

This explains why the rams from the south and the Souther!

first raing of autumn are brackish For the south jMassn
wind s the warmest of wmds {both m size and mme
strength %) and blows from regions that are dry and brac
warm, and so contains little moist exhalation, which
is the reason why it is hot. And even if it 1 not
naturally hot but starts as a cold wind, it none the
less becomes hot because it picks up large quantities
of hot exhalation from the pllaaces that ke on its way,
The north wind, on the other hand, camies most
vapour because it comes from damp places. So it
is also cold. And it brings fine weather here because
it drrves the clouds away ; bui in the south it brings
rain,  Similarly the south wind brings fine weather
in Labya. Thereis then a great deal of this substance
in the rain whieh falls ; and the rains of autumn are
brackish because what is heaviest raust fall first and
s0 rain which contains any guanbiy of earth of this
sort falls quickest. And this is the reason why the
sea is warm. For everything which has been exposed
to fire containg heat potentially. We can see this
in ash, in cinders and in the excrement of amrmnals,
both zold and lguid. For the excrement of animals
that have the hottest bellies is hottest,

This canse is always operating to make the sea Skt islen
more brackish. A certain amount of the salt water Jf Svspem-
is always drawn up with the sweet, but this amount
is always the less in the same proportion as the salt

s Tt is difficnlt to meke sense of these words, which the
O.T, omits.  Alex. {84, 32) does not appear io have had them
i his text.
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METEOROLOGICA, 1. m

and brackish element is less than the sweet 1n rain
water, so that on the whole equality 15 preserved.s ¥
have proved by experiment that salt water evaporated
forms fresh and the vapour does not when 1t con-
denses condense info gsea water again, The same is
true in other cases. For wine? and all other tasting
hguids which can be evaporated and subseguently
condensed to Hquid again become water on condensa-
tion.  For the qualittes they have other than those
of water are due to admixture, and the taste vanes
according to what is mixed with the waler. But we
must investigate these subjects on another and more
smtable opportumty. For the present let us confine
ourselves to saying that a certain amount of the
existing sea water is always being drawn up and
becoming fresh; and that it subsequently falls down
in rain m a different form ¢ to that iz which # was
drawn up, and because of 1ts weight sinks below the
fresh water. So the sea like the rivers never dries
up, except locallg (as both sea and rivers alike must on
occasion} ; nor do the same parts always remain sea,
the same land, though the whole bulk of each remains
constant {for we must suppose that the same thing
iz true of land as of the sea). For part of the sea rises
up, part of it falls again, and both that which rises and
that which falls change their positions.®
That saliness consists in an admixture is evident Salines an
Heampies.
¢ Recause of the inciusion of dry exhalziion, 858 a 33. ‘
¢ Of. 858 b 2527 : # seems to male better sense to take
7 pév . . . v6 34, 11 81-82, as meuning the water of the sea
and as referring to 358b 25-97, with a.mth-ﬁla.ire,l then to

take them with the preceding sentence ral wdp . . . frodaBedy
with the G.T. I have repuncinated Fobes'text accordingly.
Ideler i. p. 93 puactuates as Fobes does, but translates n the
same gense a8 gsinbﬂllaire.
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8 OF Hest oAdn. wnd. 2. 2, 590 a 24, As the O.T. notes,
facts do not bear dut Anmstotle’s statement, which makes it
sppesl that he has not ired the expermment, but was taking
it on hearsay. Play xxi. 37 and Aehan ix. 64 repeat Aris-
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'METEOROLOGICA, II. 1m0

not only from what has now been ssid but alse from
the following experiment. Make a jar of wax and
put it into the sea, having fastened its mouth m sach
z way as to prevent the sea getting m. It will be
found that the water which gets through the wax
walls is fresh, for the earthy substance whose admix-
ture caused the saltness is separated off as though
by a filter® Thig substance is also the cause of its
weight (for salt water weighs more than fresh) and
of its density. For there is sc great a difference in
density between salt and fresh waser that vessels
laden with cargoes of the same weight almost sink in
nivers, bat ride quite easily af sea and are quite sea-
worthy And an ignorance of this has sometimes
cost people dear who load their ships in 1vers. The
following is a proof that the density of a fuidis greater
when asubstance ismixed withit. If you make water
very salt by mixing salt in with 1t eggs will float on
it, even when unblown, for the water becomes like
mud. The sea contams a like quantity of earthy
substance. The same thing is done in saltmyg fish ®
I there were any truth in the storles ngley tel}
about the lake in Palestine® it would further bear
out what I say. For they say if you bind a man or
beast and throw him into it Ie floats and does not sink
beneath the swmface ; and that the lake is so bitter
and salty that there are no fish in it, and that if you

totle's statement, wepdpwov (' eavihenware ™) has been

conjectured for wjpwor {¢f. 0.T. note on Hist, An. loe, oit.)
but there is no ms, sypport for this and Pliny and Aelian have
[1] RL)

wax.

* Alex (88. 5) connects this with the statement sbout eggs,

saying that the salt solution in which fish were salted was

tested by floating an egg in 1t: when the ege floated the
solution was strong enough. ¢ The Dead Sen.
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METEOROLOGICA, II. m

wet clothes in it and shake them out it cleans them.
The following facts also all support our contention
that it 3z the presence of a substance that makes
water salt, and that the substance present is earthy.
In Chaoma there is a spring of brackish water
which flows into a neighbouring river that 18 sweet
bot contains no fich. For the inhabitanis have a
story that when Hexacles, on his way through with
the oxen from Erytheia, gave them the chowce, they
chose to get salt instead of fish from the spring. For
they boil off some water from it and let the vest
stand 3 and when it has cocled and the moisture has
evaporated with the heat salt 15 left, not mn luraps
but m a loese powder hke snow. It i+ also rather
weaker than other salt and more of it maust be used
for seasoning, nor 1s it quite so white. Something of
a gimilar sort happens also in Umbria. There is a
place there where reeds and rushes grow : these they
burn and throw their ashes into water and boil it #il
there is only a hitle left, and this when allowed to
cool produces quite a quantity of salt,

Mast sait mvers and springs must be considered to
have once been hot; subsequently the fiery prin-
cipie in them was extingnished, but the earth through
ngch they filter retains qualities Hke those of ash
and cinders. And there are in various places many
springs and streams with many different tastes, the
cause of which is always a fiery clement inherent or
produced in them. For the earth when subject fo
corabustion takes on fe a greater or lesser degree il
kinds and shades of taste. Forit becomes full of alum
and ash and substances of like qualities, and sweet

t gpyevopdege T QLT
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wepl TGV mAelorwy,

# Cf, Fachholz 1n C.Q. xhi (July-Oct. 1948), p. 145 on
this passage.

CHAPTER 1V
ARGUMENT

The couses of winds. There are, as we have pend, two kinds
of exhalation from the earth, dry and mowst. These are
caused by the sun, whose movement 1n the eclptic gwes rise
to seagonal changes. The mowi exhalation produces rain,
the dry ewhalation wind (359 b 27860 2 17). 8o ram and
wind dyfer in subsiance : and we cannot regard wind as air
wn motion (360 & 17-21, 27-88). A then ic mads up of tue
exhalations, one mowt and cold, one hot and dry, and v itself
in consequence moist and hot.  The predomingnce of one or

Tepi 3¢ mvevpdror Adywuer, AaPdvres dpymy my
elpnpéimy Auly Hn spdrepoy.  Eore yip OF eldy
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water changes when filtered through them.® Seme-
times it becomes acid, as in Sicania in Swaly: for
there it becomes both salt and acid and they use it
as vinegar on some of their dishes And there is an
acid spring alse at Liyncus, and a bitter one in Seythia
the water from which makes the whele river into
which it flows bitter.? These differences are clear
from a knowledge of the different tastes produced by
different mixtures, 2 subject which has been dealt
with separately elsewhere.*

We have now dealt with the causes of the eontinued
existence of water and the sea and of their changes,
with their nature, and with most of their vavious
natural characteristics active and passive,

¥ Cf. Herod. tv. 52, 81.
¢ D Bentu, ch. &5 or a lost work,

CHAPTER 1V
ARGUMENT (conitnued)

other exhalafion accounts for variotions in ramfall from
year to year {360 a 21.27, 33-b 28). Why wind ccours after
rainfoil, ramfoll when wind drops (360 b 26--38] & 4).
Why the prevatling winds are northerly or southerly (361 a 4.
22Y.  Winds orwpmate from the earth (ss evhalation), bui
thelr movement 1¢ delermined by that of the celeslial region.
The exhalation of whioch they are composed collents gradually
{361 a 22-b 8).
(Wth che. 4-6 of. Problems aww.)

Ly us now give an account of winds, on the lines we Two xints
have already laid down. Forwe have said @ that there Jr Stk

@ (if. Book L ch. 4, 841 b 6 .
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are two kinds of exhalation—ane moist and one dry : cauma
of these the first 13 called vapour, the secend has no by
name that apples to 1t as a whole, and we are com-
pelled to apply to the whole a name which belongs

to a part only and call it 2 kind of smoke The mowst
exhalation does not exist wathout the dry nor the dry
without the momst, but we speak of them as dry or
melst according as erther quality predomnates.

When, therefore, the sun in 1fs ewenlar course
approaches the earth, its heat draws up the most
exhalation ; when it recedes the vapour thus drawn
up 18 condensed again by the resulting cold into
water (This is why there 1s more ram 1 the winter,
and more at mght than by day—though shis 1s not
commonly supposed to be so because ramfall at night
more often passes unnoticed than by day.) The water
thus formed falls and 1 all distributed over the earth.
Now there 1s in the earth a large amount of fire and
heat, and the sun not only draws up the mestare on
the earth’s surface but also heats and so dries the
earth itself; and tlns must produce exhalations
whieh are of the two kunds we have described, namely
vaporous and smoky. The exhalation containing the
greater amount of moisture is, 25 we have said before,2
the ongin of ram water : the dry exhalation is the
erigin and natural substance of winds. That thig
must be the case is evident from the facts. For the
exhalations that produce rain and wind must differ
and it is not only possibie but necessary that the sun
and the warmih in the earth should produce the
exhalations,

Since the two exhalations differ in kind, it is clear Batnang
that the substance of wind and of rain water also ¥od difer

* Book I. ch. 9.
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dsffer and are not the same, as some® maintain @ for
they say that the same substance, air, 3 wind when
in motion, water when condensed again®t Yet 1t s
abgurd to suppose that the ar which surrounds s
becomes wind simply by bemng in motion, and wil be
wind whatever the source of its mobon; for we do not
call 4 volume of water, however large, ariver whatever
its low but only if it flows from a source, and the same
thing is tree of the winds, for a considerable volume
of air might be set in mohon by some large falling
body, and have no origin or source,

Air then, ss we have sad before,? is made up of Vanotons
these two components, vapour which is moist and cold il
(1t 15 unresistant beeause it 18 moist, and 1s naturally
cold beeause derived from water, which 13 eold unless
heated) and smoke whach is hot and drv ; so that air,
being composed, as 1t were, of complementary factors,
iz moist and hot. The facts confirm this view. For
because the exhalation continually increases and de-
creases, expands and eontracts, clouds and winds are
always being produced in their natural season ; and
because it 15 sometimes the vaporous exhalstion that
predominates, at other times the dry and smoky one,
years are sometimes rainy and wet, at others windy
and dry. And sometimes drought or ran ks wide
spread and covers a large area QF country, sometimes
it is only local; for often in the country at large the

& Metrodorus of Chuos (Dials 70 A 19}

b The first sentence from the next paragraph follows here
in the accepted (reek text: ¥ have fransposed it, following
Thurot (se¢ critical nete), as the transposition seems to make

better sense of the e.ssag:.
* Cf. Book ¥, eg:. 3, 340 b 14-82 and note aon j) 20, ch.
4, 341 b 5 f£.; slso De Gen. ef Jorr. n. 4, sod Joachim’s
note on 331 a 24.
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seasonal ramnfall 15 normal or even above the normal,
while in some districts of it thereis a drought; at other
times, on the other hand, the reinfall m the country
at large is meagre, or there is even a tendency %o
drought, while in a single district the rainfall is
abundant 1n quantity. The reason 1s that as a mie
a considerable area may be expected to be sumilarly
affected, because neighbouring places he in a samilay
relation to the sun, unless they have some local
peculiarity : at the same time it may happen that
at times the dry exhalation predominates m one
digtrict, the vaporous in another, while at times the
opposite s the case. And the reason for this again
is the movement of either of the two exhalations
across 3o join that of the neighbourmg district ; the
dry, for mnstance, may cireulate 1n #t« own, the most
flow to a neighbouring district or be driven by winds
still farther afield, while on other oecasions the mast
exhalation may remain and the dry retive. Thus 1t
often happens that just as in the human body if the
upper belly is dry the lower is in the opposite con-
dition, anc{ f the lower is dry the upper is cold and
wet, s¢ the exhalations underge reaprocal replace-
ment ¢ and change of place.

Moreover, wmd as a rule oceurs after rain 1n those wind
places in which the rain has ha';i‘ﬁened to fall, and BHow
when rain falls the wind drops. €56 A1 Necessary
consequences of the principles we have stated, For
after rain the earth is dried by its own internal heat
and the heat from above and gives off exhalations
which are the substance of wind. And when this
separstion is in process winds prevail; when they
drop, because the hot element 18 constanily being

¢ See Book I, ch. 12, note b onp. 82,
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separated out and mmug to the upper regions the
vaporous exbalation 18 cocled and condenses and
becomes water. And when the clouds are driven
together and the cold is compressed within them,?
water is formed and cools the dry exhalation. For
these reasons, therefore, when rain falls the wind
drops, and when the wind drops the rain falls.

The same cause again accounts for the prevalence Prevaene
of winds from north and south —for most winds are EZothery
in fact ertther northerly or southerly, For over these sonthuly
regrons slone the sun does not pass, but only ap-
preoaches them or recedes from them ; buiits comse
always passes over the east and west. So clouds form
in these regions bordering on its comse, and when it
approachesit causes exhalation of mowsture, when it re-
cedes to the opposite side, rain and storms, The gun’s
movement m the ecliptic is thus the cause of summer
and winter, and the water1s dravm up and falls again.

Now the largest amount of rain falls i the regions
beyond the tropics, thatis, the regions north and south
of them ; and where the earth receives the most rain-
fall the exhalation must be correspondingly greatest,
like the smoke from green sticks, and this exhalation
iz wind ; so if is only to be expected that the majority
of winds and the most considerable should come from
these quarters. Those that come from the north are
calied Boreae, those that come from the scuth Notoi.

Winds blow horzontally ; for though the exhala- Ceestal
tion rises vertically, the winds blow round the earth 2h& the
because the whole body of air surrounding the earth wase of
follows the motion of the heavens. So one might "™

& (0f. 341 a 4 and Book I. ch. 8, note zop p. 22,
¥ See Book 1. ch, 12, note b on p. 82,
¢ Of ch, 5, 363 a 280,
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raise the guestion whether winds originate from above
or below, for their movement iz derived from above,
and even before they actuslly start o blow the air
reveals their approae{, even ig there is cloud or mist ;
for these show that a wind has started to blow even
before its armval is perceptible, which seems to
indicate that winds originate from sbove. Bat since
2 wind is a body of dry exhalation moving about the
earth, it is clear that though their motion takes its
origin from sbove the material from whick they are
produced comes from below Thus the divection of
flow of the rising exhalation is delermined from above,
as the motion of the heavens eontrols things whese
distance from the earth is considerable + at the same
time the exhalation rises vertically from below, since
any cause cperates more strangly on s effect the
nearer it is to it and the exhalation is clearly produced
originally from the earth.

e facts slvo make it clear that winds are formed
by the gradusl collection of small quantities of
exhalation, in the same way that rivers form when
the earth ie wet. For they are all least strong at
their place of origin, but blow strongly as they travel
farther from it. Besides, the north, that is the region
immediately about the pole, is calm and windless in
winter ; but the wind which blows so gently there
that it passes ynnoticed becomes strong as it moves
farther sfield.

We have thus given an account of the natuwre and
origin of the wind, and of drought and rainfall, We
have given the reason why winds fall and rise after
rain and why the prevailing winds are northedy
and southerly : finally we have dealt with the motion
of the winds,
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CHAPTER V
AROUMENT

Exireme heat and cold prevent the rise of wnds, which
occur when the seasons are changmyg (361 b 14-85). The v
shown by the Biestan winds and the fair weother wends which
correspond to them (361 b 85—B62 a B1}. The south wind
blows, not from the pole, but from the torrid mone. This v
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CHAPTER V
ARQUMENT (confinued)

shown by @ consideration of the two halniable sones of the
earth ; one, i which we frve, hes wn the northern hemisphere,
the other w the southern, and sach has an enalogous dispon-
tion of winds. The prevahing winds wn our hemusphere are
northerly or southerly (862 a 31—363 a 20}

Ture sun both hmders and encourages the rise of Bstromg
winds. For when the exhalations are feeble and few *gggﬁ} gg}
its greater heat scorches up the lesser heat of the ex- vest the
halation and disperses it. Also it dries up even the wias,
earth too quickly to allow the exhaslation i gather in
any gquantity, just as a small amount of fuel thrown
into a large fire is burat up before it can produce any
smoke. For these reasons, then, the sun hinders the
nse of winds or prevents it altogether. it hinders it
by scorching up the exhalation’s heat; it prevents it
by the speed with which it dries the earth. Therefore
the period from about the rise of Orion® to the coming
of the Etesian winds ? and their precursors is gener
ally ealm. There are two general causes of calm
weather : either the exhalation is guenched by cold,
as in a hard frost, or it is scorched up and stifled by
the heat. Calm weather in the intervening periods *
is mostly cansed by lack of exhalation or by the
exhslation having passed away and not yet being
replaced.

The reason why Onon is commonly regarded as a
constellation which brings uncertain and stommy

¢ Farly July : the morning rismg.
{ G .YSSZ b 35 belov%. &
¢ {6, between the cold of winter and the heat of summer.
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weather when 1t vizes and sets is that 1ts rising and
sething ® occur at a chauge of season (summer or
winter), and, owing to the size of the constellation,
last many days : and all changes are uncertain and
so unsettled.

The Etesian winds blow after the summer solstice The
and the rise of the Dog-star®; they do not blow when Jietha
the sun is ab its nearest nor when it is far off, They
blow in the day-time and drop at night, The reason
for this is that when the sun is closer 1t dvies the earth
too quickly for the exhalation to form : when it with-
draws a little, the balanece between 11s heat and the
exhalation 1s restored, with the result that frozen
water melts and the earth, dued by its own internal,
heat and by that of the sun, gives off smoke and
fumes.® These winds cease at night because the
coldness of the mights stops frozen water melting.
Moisture that is frozen or that contains ne dry con-
stituent does not mve off fumes ; bul a dry substance
that contains molsture does so when heated

Some people find it difficult to see why the noxth Ths fur
winds which we call Bitesian blow continuously after T30,
the summer solstice, but there are no corresponding wmds.
south winds after the winter solstice. But this is
not without reason, For the so-called fair weather
winds do blow from the south at the corresponding
time in winter, but as they do not biow so continu-~
ously, they escape notice; and thus the difficulty
arises. The reason for this is that the north wind
blows from the polar regions, which are full of water
and large quantities of snow ; se the Etesian winds
blow W%en the sun melts these, which it does just

¢ Mid-November: the morning sethng.
b Late July. = {862 8 16-22 below,
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¢ Alex. 99, 11 1dentifies these with the Asvwdvoroc ™ farr
weather winds ™ of a 14 above. Thug the whole passage
862 & 12-81 deals with the winds which blow after the winter
solstice and correspond fo the Etestan winds, They must be
southerly winds, and are called ** feeble Etesian * winds not
because they are northerly but because they correspond to
the ¥iesians. The name Bird wind seems to indwate a
southerly wind, with which the migrant birds return in early
spring. Yet De Munde 385 & 4 refers to the Bird winds as
northerly.
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after the solstice to a greater extent than at it, In
the same way the most shifing heats ocowr not when
the sun 15 at its most northerly point, but when it
has had longer to make its heat felt and is still fairly
close. Simmlarly after the winter solstice the Bird
winds ¢ blow. Theze are feeble Eteslan winds,
blowing later and with less force than the Ftedan
winds proper. They do not begin to blow till the
seventieth day after the solstice, because the sun is
then farther off and so has less power. They do not
blow so continuously becauvse at that time evapora-
tion is confined to surface substances eamly evapo-
rated, and what is frozen to & greater degree requues
a greater degree of heat.  So they blow intermitiently
vatil the Fiesian winds rvise again at the summer
solatice ; for from then onwards the wind tends to
blow almost constantly.

But the south wind blows from the summer tropic The hab.
and not from the south pole. For there are two 31200
habitable sectors of the earth’s surface, one, in which
we live, fowards the upper pale? the other towards
the other, that is the south pole. These sectors are
drum-shaped-for lines runming from the centre of
the earth cut out this shaped figure on its surface :
they form two cones, one having the tropic as its
bagse, the other the ever-visible cirele,® while their
vertex is the centre of the earth; and iwo cones

¥ But of, De Cuelo . 2, 285 b 15,

* Strietly, this should mean the clreumpolsr stars, which,
as the O.TE.’ points out, and as Aristotle must surely heve
kmown (gf. De Caelo 1. 14, 297 b 30 £}, vary with latitude,
and therefore do not © serve the parpose of delineating sones
gt all well.” Amstotle probably means the Arciic circle
gdeler . p. 562), though this way of referring fo it » con~

sing.
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¢ It is dufficult to grve sense or point to this remark, which
the O.T. brackels as a ** learned interpolafion ™ : ¢of, Heidel,
op, ¢it, p. 86, note 204.

v Of. Thomson, Aacient Geography, pp. 5799,
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constructed in the same way towards the lower pole
cut out corresponding segments on the earth’s
surface.

N Pole

ver-visible {srchc}

oircle
2] Frape
=
Drym-shaped
Cones AXB
S Pole CXD
gl B 2

These are the only habitable regions ; for the lands
beyond the tropies are uninhabitsble, as there the
shadow would not fall towards the north, 2ad we
know that the earth ceases to be habltable before
the shadow disappears or falls towards the south,
while the lands beneath the Bear are uninhabitable
because of the cold.

{The Crown too passes over this region, for it
appeass to us to be doectly overhead when it is on
our meridian.]

The way in which present maps of the world are The aumen-
drawn is therefore absurd. For they represent the 3oR20L
inhabited earth as civeulax,? which is impossible both
on factusl and theoretical grounds. For theoretical
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caleulation shows that 1 13 hmited m breadth but
could, a5 far as chimate 1 concerned, extend round the
earth in a continuous belt  for it is not difference of
longitude but of latitade that brings great vanations
of temperature, and if it were not for the sceen which
prevents it, the complete circuit could be made. And
the faets known to us from journeys by sea and land
also confirm the conclusion that it length 1 much
greater than its breadth. Tor if one reckons up these
voyages and jowrneys, so far ag theg are capable of
yielding any accurate information, the distance from
the Pillars of Heracles fo India exceeds that from
Aethiopia to Lake Maeotis and the farthest paris of
Scythia by a ratio greater than that of 5t0 8. Yet
we know the whole breadth of the habitable world up
to the unhabitable regions which bound it, where
halitation ceases on the one side because of the cold,
on the other because of the beat; while beyond India
and the Piliars of Herscles it is the ocean which
severs the habitable land and prevents it forming 2
continuous belt round the globe.s

Since, then, there must be & region whieh bears to Wida o
the other pole the same relation as that which we ihetwe
mhabit bears to our pole, it is clear that this region comspond.
will be analogous to ours in the disposition of winds
as well as in other respects. Thus, just as we have a
north wind here, so they have a similar wind which
blows from their pole, and which canmot possibly
reach us; for our own north wind does not blow
right across the region in which we hve? being in

& So the disproportion of le and breadth may be shll
grester: of, .DE Cgfﬁo i, 14, gggggg. Y

® Orort doree and understand Bufyer from b 851 1 stemns
umnecessary to alter Sy (b 35) to Sufxerr with the OT, as
Sudyew can bear the meamng required, to reach io.
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this ke a land wind, But because our region of
habrtation ltes towards the north, most of our winds
are morth winds.® Yet even in our region they fal
and are not strong enough to travel far; for in the
sea south of Labya east and west winds ¥ alternate
with each other continuously, just as here i is north
and south winds that blow.

Thie proves that our south wind s not the wind
that blows from the soush pole. Butit does not blow
from the winter tromic any more than from the south
pole. For there would have to be & wind from the
summer tropic ¢ if the correspondence is to be com-~
plete ; but in fact there is no such wind, but one wind
only that blows from this region. The south wind
mugt therefore be the wmd that blows from the torrid
zone. This region because of its proximuty to the sun
has no streams or pasture land to produce Eiesian
winds by thawing ¢ ; but because the region is greater
in extent and open, the south wind 1s greater, stxonger
and warmer than the north and reaches farther
northwards than the north wind southwards.s

3o much for the cause and mutusl relations of these

winds.

4 (If. 361 a 5.
¢ Perhaps the Trade Winds m the Indian Ocean.

¢ Blowing southwards.

2 The (LT."s vHfw is supported by 362 & 15 and 364 a 814,
and has ms. anthority : but though the parellel passages
also suggest yiorus for vopds, ms. authority for this change

is laclaing.
¢ (. 861 & & &, ; and contrast 864 a 510
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CHAPTER VI
ARGUMENT

The different winds and thewr direciions are enumerated
with the aid of o dragram (363 a 215864 a 4). Why most
winds are northerly (364 a £.18), 4 mors general claasyfioa-

Hept 8¢ Oéoews adrdv, xul vives dvavriot o,

1 s £ -~ kd £ b ¥ a7 k4
wol molovs dpa wvely dbdyerar wal molous ov, én
8¢ xal Tlves xai méoor Tvyydvovow Svres, xui mpos
TovTots wepl Tév dAAwy wufqudrwy Sve ut cup-
25 BéBnrer dv Tols mpofifuacw elpfiefar vols xard
uepos, whv Aéyeper.

il

s With this chapter cf. De Hundo, cli. 4 and Vent. 8if, e
2lpp. 3 and see D"Arey Thompson, ** The Greek Winds,” m
ik (1918), pp. 49-56.

b (F. Problems syvi, passin,
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CHAPTER VI
ARGUMENT (condinued)

tion of the winds by the mawn pownis of the compase (364 &
13-27). Muscellgneous charoctertstios of the winds doseribed
{364 a 27365 a 18).

Lrer us go on to the positions of the winds @ and their

mutual relations of opposition, and deseribe which Digram-
kinds ean blow simultaneously and which cannot and Spoeon.
what are their names and numbers, besdes deshng

with any other of their characteristics that have not

already been ireated as separate ' problems.” ¢

Boesny
Apnrelias
H
A,
Cympian
Seirpn 2 Cemaes

B Apeliotes

Mo wird M3IET s Phoanieias

Natus
The Vent. Sit, supplies at M Lenconotos, the D¢ Mundo
Labonotos . while for the doubtful {ef. 364 2 8 Phoenicias
De Mundo 383 b 38 has Foronolos, which shenld also
probabiy be read In Vent. Sit. 478 b 7 (0.7, note ad ive.).
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The treatment of their position must be followed
with the help of the diagram. For the sake of clarity
we have drawn the circle of the horizon ; that is why
our figure &8 round. And 1t must be supposed to
represent the section of the earth’s surface in which
we live ; for the other section could be divided in a
similar way. et us first define things as spatially
opposite when they are farthest removed from each
other in space (just as things formally opposite are
things farthest removed from each other in form);
and things are farthest removed from each other in
gpace when they le at opposite ends of the samme
diameter,

Let the point A be the equinoctial sunset, and the
point B its opposite, the equinoctial sunvise. Lel
another diameter cut this at right angles, and let
the peint H on this be the north and its diametrical
opposite © be the south, Let the point Z be the
summer sunrise, the point E the summer sunset, the
point A the winter sunrise, the point I' the winter
sunset. And from Z let the diameter be drawn to T,
from A to E. Since, then, things spatially farthest
removed from each other are spatially opposite, and
things drametrieslly opposed are farthest removed,
those winds must be mutvally opposite which are
opposed diametricaliy.

The nsmes of the winds correspondingoto these
positions are as follows : Zephyros blows from A, for
this is the eqyinoctial sunset. Iisopposite is Apehotes
which blows from B, the equmoctial sunrise. Boreas
or ¢ Aparetiag blows from H, the nerth. Iis opposite

% Oortting «ef the Q.T. translates * the frue north wind
called Aperctiss.”
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is Natos which blows from ©, the south, & and H
being dismetrically opposed. From Z blows Caecias,
that is, from the summer sunrise. Its opposmte is not
the wind blowing from E, but the wmd from I', Lips,
which blows from the winter sunset, and so is opposite
to Caecias, being diametrically opposed toit. TFrom
A blows Rurus, for il blows from the winter sunmse
and is the neaghbour of Notos ; so people oftenspeak
of the Euronotol blowing. Its opposite is not Laps,
the wind from T', but the wind from E called some~
times Argestes, sometimes Olympias, sometimes
Sciron. Yor 1t blows from the summer sunset and
is the only dismetzieal opposite to Eurus,

These, then, are the winds which have diametrical Mozt winds
opposites ; but there are others which have no winds "%
opposite them. From I blows the wind they call
Thrascias, which lies hetween Argestes and Aparctiss:
from K the wind they call Meses, which lies between
Caecias and Aparctias. The chord IX nearly corre-
sponds to the ever-visible circle * but fails to do so
exactly. There are no opposites to those wings:
neither to Meses, otherwise there would be & wind
from the point M dismastrically oppesite, nor to
Thrascias at I, otherwise there would be a wind from
N, the point dametrically opposite, which there is
not, except perhaps a Jocal wind called by the inhahi-
tants Phoenicias,

These, thgn, are the most important diferent winds
and their positions. There are two reasons for there
being more winds from the northerly than from the

& f. ch, 5, note con p. 179,
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southerly regions ¢ Fuwt, sur mhabited region lies
towards the north ; secend, far more ram and snow
15 pushed up into this region because the other lies
beneath the sun and its course. These melt and are
abzorbed by the earth and when subsequently heated
by the sun and the earth’s own heat cause a greater
and more extensive exhalation ®

Of the winds thes deseribed the triest north Clsssifies.
winds are Aparctias, Thrascias and Meses. Caecias B2 EY,
is part east and part north. South are the winds that compas
come from due south and Lips. East are the winds
that come from the equnoetial sunywe and Furus.
Phoenteias 15 part south, part east. West 15 the wind
from due west and also the wind called Argestes.

There is a general classification of these winds into
northerly and southerly : westerly winds are counted
as northerly, being colder because they blow from
the sunset; easterly winds are counted as southerly,
bemng warmer becanse they blow from the sumise,
Winds are thus called northerly and southerly aceord-
ing to this divimon into cold and het or warm. Winds
from the sunrise are warmer than winds from the
sunset, because those from the sunrise are exposed
to the sun for longer; while those from the sunset
are reached by the sun later and i soon leaves them.

This being the arrangement of the winds, i£is cdear Mucollane.
that opposite winds cannot blow at the same tmme, Juithar
for one or cther would be overpowered and stop
blowing ; but there 13 nothing to prevent two winds
not so related blowing at once, as, for instance, the
winds from Z and A, So two winds may sometimes

% {f, 861 n 4, 363 2 2.

P 0F.361a8%.,382.83,a 17 contrast 3634 13

¢ *° A poor argument even for a fat-earth man 1 and for

Arstotle with his round earth lameniable. Perhaps the
sentence should be condemned ” {Q.T.}.
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be favourable to ships making for the same point,
though they are not blowing from the same quarter
and are not the same wnd.

As a rule, opposite winds blow in opposite seasons:
for instance, at the time of the vernal equinos Caeelas
and winds from north of the summer sunrise prevail;
in the autumn Lips ; at the summer solstice Zephyros,
at the winter Eurus.

Aparctas, Thrascias and Argestes are the winds
that most often mterrupt and stop others, For be-
cange thewr source is nearest to ue they blow with
the greatest frequency and strength of all winds.
They therefore bring the faivest weather of all, for
blowing from near at hand they foice other winds
away and step them, and by blowing away any
clouds that have formed make fair weather. I,
however, they happen also to be very cold they do
not bring fair weather ; for if they are cold rather
than strong they freeze the clouds before they ean
drive them away, Caeclas is not s fair-weather wind
becanse it turns back on iself —hence the proverh
* Drawing it to himself as Caecias clouds.”

When 2 wind drops it is succeeded by its neighbour
in the direction of the sun’s movement; for what
lies next to the source of a movement 1= set in motion
first and the source of the winds moves round with
the sun.?

Opposite winds produee either the same or opposite
effects « for instance, Lips and Caecias (which some

& OF, Probldms xxvi. 1 and 29, Caeclas, **descending from
above, swee%s in a eirculsr course up into the sky, and thence
retarns to the pomt from which it started ” (OF. note ad
Problems xxovi, 1),

® Presumably because the sun i the controlling cause
of the exhalation which produces wind.
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call Hellespontias) are both wet winds® Dry are
Argestes and Burus—the latter, however, though it
starts by bemg dry. ends up by being ramy,

Meses and Aparctias are the most snowy, because
they are the coldest. Aparchas, Thrasass and
Argestes bring hml.  Notes, Zephyros and Eurus
bring heat. Caecias fills the sky with tinek elonds,
Lips with thinner. Caecias does this because it turns
back on tself, and because it is part north and part
east and 50, being cold, collects and freezes the vape-
rvized air, and bemng easterly i position has a great
deal of vapour as material which 1t dvives before it
Aparctias, Thraseias and Argestes are fair-weather
winds for the reason we have gaven before? They
and Meses most often produce lightning. For they
are cold because their origin is near, and lghtning
is prodnced by cold, bemng driven out by the con-
densation of the clonds® For this reason some of
there same winds sometimes bving haill, for they
freeze quickly.

Hurricanes oceur most often in autemn, and nest
in spring: and Aparehas, Thrascias and Argestes
most often cause them. The reason for this is that
hurricanes are usually the zesult of one wind falling
on another while it is still blowing, and these are the
winds that do this most often. Why they do # we
have already explained.?

The Etesian winds veer round, for people hving
in the west, from Aparctias to Thrascias, Argestes

@ | omit the words sal efpos, dv dwphudrpy with the 0.T,,
smce the argument requires that pewrs of contrary winds
should be named and the introduction of & fhird wing malkes
nonsense.

F364h T,
¢ £f. below, ch. 9. #3845 3,
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and Zephyros, beginning from north and ending
farther south ; for people hving in the east, they veer
from the north to Apeliotes.

This completes our account of winds, their original
genests, their substance, and the attributes common
to all and peculiar to each,

* seclusmt O.F,

CHAPTER VII
ARGUMENT (conimued)

Demoeritus (365 b 1-6), and dnaavmenes (365 b 6.20) ars
stated and cribweized.

We must next deal with earthguakes and earth
tremors, a subject which follows naturally on our last,
as the cause of these phenomena is akin to that of
wind.

Up to the present three theories have been put Thee
forward by three separate men. For Anaxagoras of Vs !
Clazomensze and before him Anaximenes of Miletus
both published views on the subject, and after them
Democritus of Abdera,

Anaxagoras ® says that the mr, whose natural Anss-
metion is upwards, causes earthguakes when it iy 8978
trapped in hollows beneath the earth, winch happens
when the u}}?l?er paris of the earth get clogged by
rain, all earth being naturally porous. Forheregards
the globe ? as having an upper and a lower part, the

8 aﬁa’ipu presumably means lhe earth: but Anexagoras
thought the earth was flak » Diels 58 A 42 (35
199
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part on which we hve being the upper part, the other
the lower,

It is perhaps bardly necessary to say anythmg to
refute this very elementary account. Fort is very
gilly to think of up and down as if heavy bodes
did not fall down to the earth from all direchions and
Hght ones (e:i. fire} ¥ise up from it, especially when
we see that throughout the known world the horizon
always changes as we move, which indicates that we
live on the convex surface of a sphere® It is silly,
too, to think that the earth rests on the air hecane
of its size, and that it is jarred nght through by a
shoek from below. Besides, he fails to account for
any of the peculiar features of earthquakes, which
do not oceur in any distmet or at any time indis-
eriminately.

Demoertus & ways the earth s full of water and Demo-
that earthquakes are caused when a large amount of ™
rain water falls besides this ; for when there is too
much for the existing cavities in the earth to contain,
it causes an earthguake by forcing fts way oul.
Simitarly, when the earth gets dried up water is drawn
to the empty places from the fuller and causes earth-
quakes by the impact of its passage.

Anaximenes ¢ says that when the earthis in proeess Anaxl
of becoming wet or dry it breaks, and 15 shaken by ™™
the high ground breaking snd falling. Which is why
earthquakes oceur in droughts and agsin m heavy
rains ¢ for in droughts the earth is dried and so, as

supposm%htlmt up and down are abgolute and not relabive
terms. e absoluteness in Armstotie’s own wse of the terms
is due to his behef that the centre of the earth is the absolute
centre of the universe

t Thels 68 A DY, 98,

° Dilels 13 A Y {8}, 41,
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CHAPTER VIII

ARGUMENT

Earthquakes (continued). The eause of earthquakes wswind
{i.e. dry ealalation) when i gete trapped in the earth (365
b 21866 2 5). 8o most earthquakes ocour w talm weather,
hawving exhausted all the avarlable wind  of an earthquake 1g
aocompanied by ¢ wind o es hlely to be less viclen? as the
motive cause is dimded (3606 2 5.28), Earthquakes are severest
in places where the earth is hollow (366 a 23-h 1} ; and most
Jrequent wn sprng and gutumn end during reins and
droughts, smee ephalation is produced in the greatest quan-
tatres af these times (366 b 1-14). Analogres from the human
body and confirmotory examples (366 b 14367 a 20},
Various concometants and signe of earthquokes all confirm
our theory (367 a 20-% 19). Farthqualkes and eclipses (367
b 18.33). After o severs earthquake the shochs may last for
some fume (387 b 33—368 2 14). Wnd the cause of sub-
terranean nowses (368 a 14.25). Earthquakes are sometimes
aecompanied by an outbrenk of waler . bui thew couse is
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just explained, breaks, and when the rains make it
excescively wet it falls apart

But (i} 1f this 15 so the earth ought to be sinking
obviously in many places, (u} and why do earthquakes
ocour often 1n some places which, compared with
others, are by no means conspicuous for any such
excess of drought or rain, as on this theory they
should be * (hi) Besides, on this theory it must be
maintsined that earthquakes are getiing progres-
avely fewer, and will some day cease altogether. For
this would be the natural result of the packing down
process 1t deseribes. But if this 1 impessible, then
this account of their cause must be impossible too.

CHAPTER VIII
ARGUMENT (continued)

nevertheless aer (308 a 26-83). Why tidal waves aeeompany
earthguakes (368 a 33-b 12). Way earthguakes are confined
to one losality, while winds are more general (368 b 12.22),
Two types of earthguake shook (368 b 22-32). Eurthguahes
rare tn wiands at a drsiance from the mownland (368 b 32—
860 a 7). Concluswn (869 a 7.9).

Note.—In this chapter the ward normally trevsloted
“unnd ' w8 wvebpe : bib on oceqsion dvepos w used oF an
alternative, and fwice, apparently, &ip (367 5 11, 20%. More
strictly, ddp 18 aimospheric awr, a comimnation gf the dry
and mowst exholations. mvebpa and deepos, both iranduied
“ wind,” and both composed of dry exholation, are cosely
stmnadar @ but dvepos 18 the narrower term, meanmng wwnd
the strict sense, whereds wvepa, both i this and the following
chopters (i 8,9, d1. 1), 18 weed in ¢ wider sense be meon the
dry ewholation i s far us i ws the material whioh manyesis
itself not ondy wn wind in the sirwet semse, but in egrihquales,
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thunder, hghtning, ete. With the parallel wih the lnugn
body drawn w 366 b 14 §F compare Shakespears, Henry IV,
Pelorue:

Diseased nature oftentimes breaks foith
In strange eruptions ; oft the teeming earth
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Is with 2 kind of colic pinch'd and vex'd

By the imprsoning of voroly wind

Within her womb , which, for enlargement sinving,
Shakes the old beldam earth, and topples down
Steeples and moss-grown towels.

Now it is clear, as we have already said,® that there The comse
must be exhalation both from moist and dry, and St
earthquakes are s necessary 1esult of the existence ¥md, po-
of these exhalations, For the earth is m uself dvy exhalaton
but contains much moisture becanse of the rain that

falls on 1t ; with the result that when it is heated by

the sun and s own internsl fire, a conmderable
amount of wind is generated both outside it and

inside, and this sometimes all flows out, sometimes

all fows in, while sometimes it is split up.

This process is mevitable. Our next step should

therefore be to consider what substance has the
greatest motive power. This must necessarily be
the substance whose natural motion is most pro-
longed and whose action 1s most violent. The sub-
stance most violent in action must be that which has
the greatest veloeity, as its velocaty makes its impact
most forable, The farthest mover must be the most
penetrating, that is, the finest, If, therefore, the
natural constitution of wind is of ths knd, it must
be the substance whose motive power is the greatest.
For even fire when conjoined with wind is blown to
flame and meves quickly. So the cause of earth
tremors is neither water nor earth bat wind, which
causes themn when the external exhalation fows
inwards.

This is why the majority of earthquakes and the Zarin.

greatest oceur in calm weather. For the exhalation fnwmaknzm est
1 G
% Book L ch. 4, 841 b 6. weather
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METEOROLOGICA, 1L vin

being continuous in general follows its initial impulse
and tends erther all to flow mwards at once or all
outwards. There is, however, nothing inexplicablein
the fact that some earthquakes oceur when 2 wind
1s blowing; for we sometimes see several winds
blowing at the same tune, and when one of these
plunges mto the earth the resultant earthquake is
accompanied by wmd. But these earthguakes are
less violent, because the energy of thewr original cause
is dimded Most major earthquakes occur at night,
and those that accur in daytime at midday, this being
as & rule the calmest time of day, because when the
sun is at 1t strongest 1t confines the exhalation within
the earth, and 1t s at its strongest about mdday ;
aud the night again is ealmer than the day because
of the yun's absence. So at these trmes the fow tums
inwards agamn, like an ebb as opposed to the out-
ward flood. This happens especally towards dawn,
for it is then that winds normaily begin to blow. If,
then, the original impulse of the exhalation changes
direction, Hke the Ewripus, and turns inwards, it
causes a more violent earthquake because of its
quantity.

Again, the severest earthquakes oceur in places Whes
where the sea is full of currents or the earth s porous HEthzuakes
and hollow. So they oeccur in the Hellespont and
Achaea and Sieily, and in the districts in Buboeawhere
the sea ig supposed to run in channels beneath the
earth, The hot springs at Aedepsus ¢ are due to a
simular cavee, In the places mentioned earthquakes
occur mostly beecause of the constricted space. For
when a violent wind arises the volume of the inflowing
sea dnves it back inte the earth, when it would

% In Euboea.
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METEORQOLOGICA, II. vin

naturally be exhaled from it And plsces whose sub-
soil {s porouy arc shaken more because of the large
amount of wind they absorb,

For the same reason earthquakes oceur most often whe
in gpring and sutumn and during rains and droughts, gaitiauskes
«nee these penods produce most wind. For summer frequont,
and winter hoth bring calm weather, the one because
of its frosts, the other because of its warmth, the one
thus being too cold, the other being too dry to pro-
duee winds. But in times of drought the air is full
of wind, drought simply bemng an excess of dry over
moist exhalation. In times of rain the exhalation is
produced within the earth in greater guantity,® and
when what has been so produced 15 caught in 2 con-
stricted space and foreibly corapressed as the hollows
within the earth fll with water, the mpact of the
stream of the wind on the earth causes a severe shock,
once the compression of & large quantity of it into a
small space beging to have s effect. For we must Anilo
suppose thal the wind in the earth has effects similar IR e
to those of the wind in our bodies whose force when body
1t ie pent up inside us can cause tremors and throb-
bings, some earthquakes being like a tremor, some
ke a throblnng, We must suppose, agam, that the
earth is affected as we often are afier making water,
when a sort of tremor runs through the body as a body
of wind turns inwards agem from without? For the
force that wind has can be seen not only by stadying
its effects in the air, when one would expect it to be
able to prodyce them becauvse of 1ts volume, but also
in the bodies of living things. Tetanus and spasms

s {)f. 861 & 17,
& Of. Problems v, 8, 13, somidi, 16,

t wag seclusit Fabes,
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METEOQROLOGICA, 1L vix

sre movements caused by wind, and are so strong
that the combined strength and efforts of a number
of men iz unable to master the movements of thelr
victims, And if we may fompare great things with
small, we must suppose that the same sort of thing
happens to the earth.

As evidence we may cite occurrences which have gon.
been observed in many places. For in some places Fmatey
there has been an earthguake which has not ceased
antil the wind which was its motive force has broken
out like a hurrnicane and risen mto the upper region
This happened recently, for instance,in Heraclela in
Pontus, and before thal in Hiera, one of the so-called
Aecolian islands.  For in this island part of the earth
swelled up and rose with a noise in & erest-shaped
lamp ; thas finally exploded and a large qumﬁtﬁ of
wind broke out, blowing up cinders and ash which
smothered the neighbounng ety of Lipara, and even
reached as far as some of the cities in Ttaly  The
place where this eruption tock place ean still be seen.
{This too must be regarded as the cause of the fire
that there is in the earth; for when the ar is broken
up into small particles, pereusaion then causes it to
cateh fire )@

And there 15 2 proof that winds circulate beneath
the earth in something else that bappens i these
islands. For when a south wind is going fo blow
it is heralded by noises from the places from which
erupiions oceur. This iz because the sea, which =
being drivem forward from far off, thrusts the wind
that1s erupting out of the earth back again when 1t
mesets it. This causes a noise but no earthquake

¢ The warm and dry {and so inflammable} exhalaion 3
one of the consttiuents of awr,
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beeause there is plenty of room for the wind. of which
thete is only & small quantity and whach can overfiow
into the void outside

Further evidence that our account of the cause of Fupher
earthquakes 18 correct 18 afforded by the facts that for g
before them the sun becomes misty and dimmer dece.
though there 1 no cloud, and that before earthqualkes
that oceur at dawn there is often a calm and a haxd
frost The sun is necessarily msty and dim when the
wind which dissolves and breaks up the ar begins to
retreat mie the earth  Calm and cold towards sun-
rise and dawn are also necessary concomitants. Calm
must usually fail, as we have explained,” because the
wind drains back as it weve into the earth, and the
groater the earthquake the more this happens; for
the earthguake is bound te be more severe if the
wind 1z not dispersed, some outside and some in,
but moves 1n a mass. The reason for the cold is that
the exhalation, which is by nature essentially warm,
18 directed inwards. (Winds are not usually supposed
to be warm because they sei the air in motion and
the air contains large quantities of cold vapour This
can be seen when wind js blown out of the mouth
close by it is warm, as when we breathe with open
mouth, though there is oo little of it to be very
noticeabie, while farther off it is cool for the same
reason as the winds) BSo the warm element dis-
appears into the earth, and wherever this happens,
the vaporous exhalation being moist condenses and
causes cold | The cause of a sign which often heralds
earthquakes is the same. In clear weather, either

* 366 a 5 £,
t & dypéryra om. Q.T,
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by day or a htile after sunset, a fine long sireak of
cloud appears, ke a long straight Bne carefully
drawn, the reason being that the wind is dying down
and runmng away.® Something Hkeit happens onthe
seashore too  For when the sea runshigh the breakers
are large and uneven, but when there is a calm
they are fine and straight [because the amount of
exhalation is smalll.> The wind produces the same
effects on the cloud in the gky as the ses on the shore,
so that when there is a calm the clouds that are left
are all straight and fine like breakers in the afr,

For the same reason an earthquske sometimes Zazih-
ocours at an eclipse of the moon. For when the Itk ed
interposition 1s approaching but the lght and warmth
from the sun,® though already fading, have not
entirely disappeared from the air, a calm falls when
the wind runs back into the earth. And this causes
the earthquake before the eclipse. For there are
often winds also before eclipses, at nightfall before
2 midnight eclipse, at midmght before an eclipse at
dawn. The resson for this is the fatture of the heat
from the moon when 1its course approaches the point
at which ¢ the eclipse will take place. Thus when the
cause which held it quiet ceases to operate the awr is
set 1 motion again and a wind rigses, and the later
the eclipse, the later this happens.®

When an earthguake is severe the shocks do nod Shooks gon-

¥ The O.T. omits these words as ' a misguided gloss on m&k&
%{UA‘?}VI}." Alex. shows no sign of having had them in his
exd

2 Reflected from the moon (Alex.).
4 % Tit. ¢ at which, when the mmoon and its sphere {dopd)
have got there” 7 (0T}
¢ With this somewhat obscure paragraph cf. Probleme
xxvi., 18, 942 a 22.
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cease mmmedhately or at once, but frequently go on
for forty days or so in the firsf instance, and symploms
appear subsequently for one or two years in the same
district The canse of the severity is the amount of
the wind and the shape of the passages through
which 1t has to flow. When it meets with resstance
and cannot easily get through, the shocks arve severest
and air 18 bound $o be left m the narrow places, hke
water that cannot get out of a vessel. Thevefore,
just as threbbings 1n the body do not stop at once or
quickly, but gradually as the affliction which is thewr
cause dies away, so the omginating cense of the ex-
halation and the source of the wind clearly de not
expend all at onee the material which produces the
wind which we call an earthquake. Until, therefore,
the rest of it is expended shocks must contmue, thew
force decreasing untfl there is foo little exhalation
te cause & shock that is noticeable,

Wind 15 also the cause of noises beneath the earth, Wud the
among them the noises that precede esrthquakes, S3H0.%
though they have also been known to oceur without [2Han
an earthquake following. For as the arr when struck
gives out all sorts of neises, so alse it does when it
is itself the stnker; the effect 15 the same 1n exther
case, since every striker is itself also struck. The
sound precedes the shock becsuse the sowund & of
finer texture and so more penetrating than the wind
itself When the wind is too fine to communicate any
impulse to the earth, being unable to do so because
of the ease with which it filters throngh it, neverthe-
less when it strikes hard or hollow masses of all shapes
it gives ont all sorts of noises, so that sometimes the
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o CF. L 84 below. ¥ (Jf. 343 b 2 and note.
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earth seems to bellow as they say it does in fairy
storjes.

Water has sometimes burst out of the earth when water
there has been an earthquake. But this does not produes
mean that the water was the cause of the shock, It qnetoes.
is the wind which 1s the cause, whether it exerts its
force on the surface ® or from beneath—just as the
winds are the cause of waves and not the waves of
winds. Indeed one might as well suppose that the
earth is the cause of the shock as that the waver is:
for in an earthquake it is overturned hke water, and
upsetting water is a form of overturning. Butin fact
both earth and water are material causes, bemng
passive not active, but wind the motive cause,

When & tidal wave coincides with an earthquake Banh-

the cause is an opposition of winds. This happens F3kes md
when the wind which is causing the earthquake is '
unable quite to drive out the sea which is being
driven in by another wind, but pushes it back and
piles it together till a large mass has collected. Then
if the first wind gives way the whole mass is drwven
in by the opposmg wind and breaks on the land and
cavses a flood. This is what happened in Achaea.?
For in Achaes there was & south wind, outside 3
north wind ¢; this was followed by 2 calm when the
wind plunged into the earth, and so there was a tidal
wave at the same time as the earthguake—an earth-
quake which was all the more wviolent becavse the
sea gave no vent to the wind that had vun into the
earth, but blocked its passage. So in their mutual
struggle the®wind cansed the earthquake, the wave
by its subsidence the food.

¢ “ Transpose &few and éwel M, 6, 7, The map makes it
clear that the recefved text is mmpossible ™ {O.T.)
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¢ (If. 36C b 17,
¢ The 0.7, following Thurct, regards the text of 1. 17-22
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Earthguakes are confined to one locality, often why eanh-
qute a small one, but winds are not. They are fg;‘;‘ﬁqm
localized when the exhalations of a particular locality
and its neighbour combine, which was what we said ¢
happens in local droughts and ramy seasons. Earth-
quakes are produced wn this way, but not winds. For
rains, droughts and earthquakes originate in the
earth, and so their constituent exhalations tend to
move all in one direction ; the sun has less power over
them than it has with the exhalations in the air which
therefore flow on in one divection when the sun’s
movement gives them an fmpulse, differng according
to the difference of its position.?

8o then, when the quanhity of windas laxge it causes Honsontal
an earthquake shock which runs horzontally, like g 3pureracal
shudder . cccasionally 1 some places the shock runs up
from below, hke a throb., The latter type of shock is
therefore the rarer, for sufficient foree to cause it does
not easily collect since there is many fmes as much
of the exhalation that causes shocks horizontally as of
that which cauvses them from below. But whenever
this type of earthquake does oeceur, Jarge guantities
of stones come to the surface, like the chaff in a
winnowing sieve, This kind of earthquake it was
that devastated the country round Bipyles, the so-
called Phlegraean plain and the districts of Liguria.

Farthquakes are rarer in islands that are far out Zash.
at sea than in those close to the mamland, For the Jiks ad
quantity of the sea cools the exhalations and its

85 corrapt.  Inmy ettempt to make sense of it I follow Alex.’s
explanation {124. 28 f.), talong 4 gév L. I8 to mean rams,
ete., and understanding 78s drafvpedoeas with drdess 1. 18,
The general point of the paragraph, as the O.T. remarks, Is
to contrast the local nature of earthquekes wih the wide
range of winds,
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CHAPTER I1X
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Thunder 1a due to the forcible efection of the dry exhalation
trapped vn the clouds in the process of condensation (369 2 10-
b 8}, The sjected exhalation wsually catches fire, ond this
produces Bghtning (sohich thue oceurs, i gpie of appearances,
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weight crushes them and prevents thew formmg;
gnd the force of the wmds causes waves and not
shocks in the sea. Again, is extent is so great that
the exhalations do not run into 1t but ae produced
from it and joined by those from the land. On the
other hand, 1slands close to the mainland are for all
practical purposes part of it, the interval between
them being too small to be effective. And islands
out at sea can feel no shock that is not felt by the
whele of the sea by which they are smrounded.

This completes our explanation of the nature and
caunge of earthquakes, and of thelr moat important
attendant crreumstances,

CHAPTER IX
ARGUMENT {confinued)

after thunder) (369 b 3-11). Theories of Empedocles und
Anasagoras siated and eriticized (368 b 11—870 a 10).
Theory of Clesdemus and others {370 2 10-21).  Summary and
conclusion (370 & 2134},

LeT us now explain lightning and thunder, and then Thundar
whirlwinds, fivewinds and thunderbolts: for the fi#d by
cause of all of them must be assumed to be the same. gecion of
As we have said,® there are two kinds of exhalation, Gon from
moist and dgy ; and their combination (a) contams #oud

both potentially. It condenses into cloud, 25 we have
explamed before.? and the condensation of clouds

= 0f 341 b8 L
BCOf 3460 230, 855 b 34 ff.
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is thicker towards their farther mit. {Condensation
must be denser and colder where the heat gives out
as 1t radiates inic the upper region. This is the
reason why thunderbolts and hurricanes and all such
phenomena move downwards ; for although all heat
naturally rises, they must be projected away from the
denge formation. Anslogousty, when we make front
stones jump from between our fingers, they often
move upwards m spite of their weight.) Heat? when
rachated disperses into the upper region, But any of
the dry exhalation that gets trapped when the afrie in
process of cooling 1s forcibly ejected as the clonds con-
dense and in its eourse stnkes the surrounding clouds,
and the nowse caused by the impact 15 what we call
thunder. The impact is produced 111 the same way
{te compare small things with great) as the noise you
get in a flame, which seme people call Hephaestas's
or Hestia’s laugh, some their threat. This noise
occurs when the exhalation is burled bodily against
the flame as the logs erack and dry; similarly the
windy exhalation in the clouds produces thunder
when it strikes & denge cloud formation. Different
kinds of sound are produced because of the lack of
uruformity m the clouds and because hollows occnr
where their density is not continuous,
This, ther, 15 what thunder is and this is its canse, Lightning

As a rule, the ejected wind burps with & fine and gaﬁf::oc:;i,
gentle fire, and it is then what we call lightning,

¢ {.¢ the dry, warm exhalstion,
1 w5
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which oceurs when the faling wmd appears to us as
it were coloured. Lightnmg is produced after the
mapact and so later than thunder, but appears to us
o precede it because we see the fash before we hear
the nowse. You can see this by watching the rowing
of a trireme ; for the oars are already drawing back
again when the sound of the stroke which they have
made first reaches us,

Some, however, say that there is fire in the clouds. Vewsof
This Empedocles ¢ supposes to be some of the sun's Sapedoates
rays trapped m the clouds, Anavagoras ¥ to be a part goss,
of the upper acther which he calls fire and which has ’
descended inte the lower atmosphere. Lightning
they then suppose to be this fire flashing through
the clouds, thunder the noise of it hissing when
quenched ; so the apparent order of the two is the
rea] order and lightning precedes thunder.

The enclogure of the fire is difficuit fo account for apg erne
on both views. The diffculty is grester on the view .
that it is drawn down from the upper aether. For
we should be told the reason for the downward move-
ment of something whose natural movement is up-
wards, and further why thus happens only when the
sky 15 cloudy and not all the time, since it does not
happen in clear weather. The theory seems alto-
gethertoo hasty. Itis, however,equally unconvineing
to say thal the cause is the heat of the sun’s rays eut
off in the clouds, and this theory toc must be pro-
nounced to be ill-considered. For there must be &
separate and distinet esuse of the cecurrence of each
phenomenon, whether thunder or lightning or any-

¢ Diels 31 A 62,
® Diels 58 A 1(9), 42{11), 84: ¢f. 888 b 21 (Book I. ch. 8}
for Anaxagoras on the aether,
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¢ T have followed the O.T, readings in IL &, 6, though
Fobes's text is that which Alex, had. On the readings I have
adepted Aristotle seems to be making two pointsin 370a 1-10:
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thing else, But the cause proposed 1s far from ful-

fillmg ihus requirement. It is rather asg if one sup-

posed that water and snow and hail emerged ready-

made, and did not have to be formed because the
atmosphere has & stock ready to hand for each scca-

wion  For we must suppese that the same is fyue of
products of condensation, hke waler, snow and hail,

and of products of ejection ke thonder and lightning;

so that if 13 is true of either that they are not formed

but exist ready made, the same argument will apply

to both Agamn, how are we to say that interception

by cloud differs from mferce%tion by denser bodies?

For water foo i1s warmed by the sun and by fire. Yet

when 1t contracts again and is coeled stiil further and
freezes there iz no ejechion such as they describe,
though on thewr theory there should be to a duly pro-
portionate extent. And boiling is eaused by the wind
produced 1 water by fire and cannot exist in the

water beforehand 1 and though they do not call the

nuse boihng but hssing, yet hissing is boling in
nnmature {for when the fire on impact is quenched

yet masters the mowsture, 1t boils and canmses the
nose).®

There are some, for instance Cledemus,? who say View of

that hghtmng has no objective exivtence but 1 an Sogrezus
appearance only, They compare it to the visual staled sa
experience one has when the sea is struck with a '
stick at night and the water seems to flash, and say

{1} Yire ought also to be mtercepted by water when hested and
a nomse analofous to hghining therefore be produced when it
1s cooled,  {2) We know that beiling is ot produced by fire
already In water; et hussing, o wineh thunder s compared,
15 merely boibng m runisture {and so hissing cannet be
produced by fire already m water cather).

b Diels 62, 1
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that hghtning is a sumilar appearance of brghtness
produced when the mowture 1 the cloud is struck.
These people had no acquaintance with theories of
reflection, which i now generally recognized as the
cause of this kand of phenomenon The water scermns
to flash when struck because cur line of wiston 13
reflected from 1t to some bright object. This happens
more often at night, for the greater brghiness of the
daylight prevents it being observed
These are the views held by others about thunder condusion

and lightning : some thank hghtning is a reflection,
others that lightning s fire flashing through the
clouds, thunder the noise of its guenching, and that
the fire does not come mto being on each occasion
but exwts already, Our own view iy that the same
natural substance causes wind on the esrth’s surface,
earthquakes bencath if, and thunder in the clonds;
for all these have the same substance, the dry exhala-
tron.  If it flows in one way it is wind, in another it
causes earthquakes; and when the clouds change
in the process of coniracting and condensing into
water, it is elected and causes thunder and lightning,
and alt other phenomensa of the same nature. So
much for thunder and lightning.
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CHAPTER 1
ARGUMENT {romfinued)

typhoon (370 b17—871 a 15). 4 firewnnd 15 ¢ whirlwind that
hae cought fire (871 a 15-17). Thunderbolis, of two kinde,
are stmlarly due to wind ; as con be seen from therr effcts
and f)‘mm analogies (371 a 17~h 14). Conclusion (871 b
14-17).

Ler us deal now with the remanmg effects of this Thunder,

process of exhalation, proceeding on the method we Eggtﬁffé,_
have before adopted. Angs ts:eof

The windy exhalation causes thunder and lightmng ﬁx“%‘iifffm
when it 15 produced 1n small quantities, widely dis-
persed, and at frequent intervals, and when it spreads
qwuekly and is of extreme ranty. But when 1t Is pro-
duced in a compact mass and is denser, the result is
& hurricane, which owes {ts violence to the force
which the speed of its separation gives i,

‘When there is an abundant and constant flow of
exhalation the process is sirmlar fo the opposite pro-
cess which spreduces rain and large gquantties of
water. Both possibihities are latent in the material,®

2 Alex (184 15) thinks the “matenal 1 cloud, which
contamns exhalations of both kmds, of. 358 4 21 5 but so alo
does air, of. 840 b 14-82, 341 b 6,
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and when sn mmpulse 15 given which may lead to the
development of erther, the one of which there is the
greater quantity latent i the matertal w forthwith
formed from i, and exther ram, or, if it w the other
exhalation that predeminatey, a hurrcane 1s produced.
When the wind produced m the cloud runs agalnst Widwinds
ancther the result is similar to that produced when
the wind is forced from a wide into a narvow placein a
gateway or road. In such circumstances the first part
of the stream is thrust aside by the resistance either of
the narrow entrance or of the contrary wind and as &
result forms 2 eirenlar eddy of wind  Forits forward
part prevents if from going forward, whle :ts hinder
part pushes 1t from behind, and so 1t is forced to flow
sideways where there 1s no resistance, This happens
to each succeeding part of the stream, till finally it
forms a mngle body whose shape 18 cheular ; for any
figure that s formed by a single motion must 1self be
single. This, then, is the cause of wind eddies on the
earth, and they start in a smmlar way in the clouds.
There, however, just as when a hurricane is produced,
the wind is 1 continuous process of separation from
the cloud, so in & whirlwind the cloud follows the
windstream continuously ®; and becaunse of the cloud’s
density the wind is unable to separate itself from it
and so is forced round in a circle at frst {for the resson
given above), and then descends because the clouds
always condense where the heat leaves them? The

ing ofthe passag: are uncertam, With the text as prinied the

polnt appesrs % be a comparson of hurrieane and whirlwind s

in both these 15 & constant production of wind from cloud,

but in the whirlwind the cloud follows the wind. This com~

parson 18 incidental fo the malin companson e 870 b 17—

371 a 2 of the wind eddy on land and the wind eddy 1 theair.
® (3f. 369 a 16.
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resulting phenomenon, when colourless, is called a
whirlwind, bemng & kind of unripe hurrfeane, Whrl
winds do not eccur when the wind 13 in the north, nor
hurricanes when there is snow. For all these pheno-
mena ave wiand, and wind 1 dry and warm exhelation ;
frost and cold therefore master and smother this ai
the outset. It is clear that they do master it, othex-
wise there wonld be no spow nor would rains come
from the north, which can only happen when the cold
has the mastery. A whirlwind thus arizes when a
harricane that has been produced 18 unable to free
itself from the cloud: 1t is caused by the resistance of
the eddy, and oceurs when the spiral sinks to the earth
and esrries with it the cloud from which it is unable
to free itself. Its blast overtuxns anything that lies
1 its path, and its cweular motion whirls away and
carries off by force anything it meets,

When the wind that is ti'awn down catches fire— Firowinds
which happens when it iz finer in texture—it is called
a firewind ; for its conflagration sets on fire and so
colours the neighbouring air.

If a large quantity of wind of fine texture is squeesed Thuder
out in the clond itself, the result 18 a thunderbols ; *%
if the wind is very fine 1n texture and in consequence
doey not scorch, the bolt 1s of the kind ealled by the
poets gleaming ; if the wind is less fine textured and
so seorches, the bolt s of the kind they call smoky.
¥or the one kind moves rapidly ¢ because of its fine-
ness, and because of its rapidity passes through the
object before it can barr it or remain long encugh to
biacken it ; while the other kind, moving more slowly,
biackens the object but sill moves too fast to burn

4 The sense demands a complement fo déperme : Thurot
suggests g rdyovs.
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1. S objects which offer remstance suffer, those
which offer none do not—Ffor instance, the bronze
head of a spear has been known to melt while the
wooden handle was unaffected, the reason being that
the wind percolated through the wood without
affecting 1t because of the rareness of 1ts texture.
Simlarly 1t has passed through garments withouti
burning them, but leaving them threadbare 2

Such instances are in themselves conclusive evi-
dence that all these phenomena are due to wind. But
sometimes we get ocular evidence too, the burmng
of the temple of Ephesus ¥ being a recent example ;
for it was observed then that sileets of flame were
torn off from the main conflagration and carried in
all directions It is ewident, and we have already
demonstrated elsewhere,® that smoke is wind and
that smoke bumns ; and when the flame moves in &
body, then it can be seen clearly that itis wind. Thus
what is sbvious in small conflagrations took place on
that occasion with considerably mere violence owing
to the guantity of material that was being burned
For when the beams i which the wind originated
cracked, it 1ssned in 2 body at the place where it burst
out and went up in fames. So the flame was seen
moving through the air and falling on the neighbour-
ing houses. We must, indeed, suppose that wind
slways follows and precedes thunderbolts, but re-
mains invisible because colourless. So a place that
is going to be struck moves before the blow falls,
because thevwind in which the bolt originates strikes
the object first. Thunder slso splils things, not by
its noise, but because a single wind is produced which
deals the blow and causes the noise ¢ this if it strikes
an object splits it but does net burn it.
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Thus concludes our treatment of thunder, lightrung congusion,
and hurrneanes, of firewinds, whirlwinds and thunder-
bolts ; we have shown that they are all materially
the same and deseribed the differences between them.

CHAPTER II
ARGUMENT (continued)

coused by reflection (372 a 16.21), Rainbows ocour both by
day and mght {372 a 21-20). We must refer to the sorence
gf optivs for the emplonation of reflestions. Reflecting aur-
face].;r msmn‘mas refleet shape, sometimes colour only (372 a
28-h 11).

We must now deal with haloes, raanbows, mock suns
and rods, explaming what they are and what ave ther
causes ; for the same causes account for all of them.

First we must desenbe what the actual character-
isties of each of these phenomena are,

The complete cirele of s halo is often visible, round Halo.
the sunt and moon and round bmght stars, and as
frequently by mght as by day, that is, at mdday or
in the afternoon ; for they oeour more ravely at dawn
and sunset.

The rainbow never forms a eomplete eircle, nor & Ratebow.
segment of a civcle larger than a semicircle. At
sunrise and sunset the cirele is smallest and the seg-
ment largest ; when the sun is higher the circle is
larger, the wegment smaller® After the autumn
equinox, durmg the shorter days, it oceurs at all hours
of the day ; but in summer ¥ does not nceur round
about midday. Nor do more than Lwo rambows oceur

* The swe of the cxrcle does not In fact vary.
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= The eolours of the ramnbow are six : red, orange, yellow,
green, blue, niolet, Aristotle reduces them to three by group-
g red-orange-yellow, and blue-violet, But*he notes that
& yeliow band {grouping orenge-yellow) 15 often seen hetween
the red and the green. The pamnters’ grimary coloms are red,
yellow, and blue; not red, green, and blue as Aristotle says,
Green can be produced by mixing yellowand blue, but yellow
cannot be produced by any muxture of red, green and biue,
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at the same time. Of two such simaltaneous reinhows
each is three-coloured, the colours bemng the same
i each and equal . sumber, but dimimer in the onter
bow and placed in the reverse order. For in the inner
bow it is the first and largest band that s ved, in the
outer it 15 the smallest and closest to the red band of
the inner. And the other bands correspond similarly.
These colours are almost the only ones that painters
cannot manufacture ; for they produce some colours
by a mixture of others, but red, green and blue cannot
be produced in this way, and these are the colours of
the rainbow-—though between the red and green
pand there often appears a yellow one.®

Mock suns and rods always appear beside the sun, Mook sus,
and not either above or below it or opposite it ? ; nor ™¢
of course do they appear at night, but always in the
neighbourhood of the sun and either when it s xigng
or setting, and mostly towards sunset. They ravely
if ever occur when the sun is lagh, though this did
happen once.in the Bosporas, where two mock sms
roge with the sun and continued all day till sunset,

These, then, ave the characteristics of these pheno- Al due to
mena. ‘The cause of all is the same, for they are afl PAeHon
phenomena of reflection.® They differ in the manner
of the reflection and in the reflecting gurface, and

b IC_JIf 3T b T
¢ Here as elsewhers m the Mefeorologica (sg. Book I.
ch, §, 843 z 2 and note) Aristotle speaks 2z if our sight were
refiected fo the object and not the object {or rays therefrom)
reflected to qur smght, Alex. (141} connects this with the
view that m sight rays are projected from the eye to the object,
for which ¢f. Plate, Timeeus 45 8 ., 2 view which Arishotle
hemself rejects (D¢ dndma n. 7). But so far as the mathe-
matics of the matier are concerned, which 15 all that isat sue
here, it makes (as Alex, also remarks 141, 20) httle dhifference
which view 15 taken of reflechion, O Ideler b, pp. 273274,
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according as the reflection 15 to the sun or some other
bright object.

The rainbow oceurs by day, and also at night, when Rambows
it iy due to the moon, though early thinkers did not DY 3¢
think this ever happened. Their opinion was due to
the rarity of the phenomenon, which thus escaped
their observation  for though it does occur, it only
does so rarely And the reason for this iv that the
darkness ndes the colours, and & conjunction of many
other csreumstances is necessary, all of which must
comede upon a single day of the month, the day of
the full moon  For it is on that day that the pheno-
menon must ocour if it is to occur at all, and occur
then only at the moon's rsing or setting 5o we have
only met with two instances of it over a period of
more than fifty years.

We must refer to what has been demonstrated by Ophus pro-
the saience of optics as onr ground for believing that J9% the
our vigion ig reflected from the air and other substances fion
which have & smooth surface, just as it is from water,
and to the faet that in some mirrors shapes are re-
flected, in others colours only., Colours only are
reflected in murrors that are small and incapable of
subdivision by our sense of sight., In these shape
ecannot be reflected. If 1t could be, it would be
capable of subdivision, ag all shape has the character-
istics both of shape and of divisibality.® Since, then,
something must necessarily be reflected, but shape
canvot be, the only remaming possibility is that
colour shoudd be. The colour of bright objects some-
tirnes appears bright in the reflection, but sometimes,
erther owing to contaminaton by the colour of the
mirror or owing o the feebleness of our sight, pro-
duces an appearance of another colour.
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CHAPTER III
ARGUMENT

The shape of the halo. Refleciion takes pluce wn carion
conditions of cloud formation, ond iz 8 swyn of various
weather conditions (372 b 12-34).  The cvrevlarity of the halo

sepiz  Hpdrov B¢ mepl rhis dAw Tob oydparos elimwper,
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% The rest of this parsgraph deals mamnly with the halo
as a weather-sign. But Arstotle’s wordmg at the oniset 18
confusing becavge edorams | 18, after cwworauéen 1n 1, 17, at
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But let us in these malters accept the results of
our investigation of sensation, and mention some
points only while taking the rest for granted.

CHAPTER 11

ARGUMENT {contrnuted)

genmnetrically explotned (872 b 54373 2 19),  Further char-
acterigtics of the reflecting clowd (373 2 19.27)  Haloes more
Jrequent round the seoon than thesun  They also form round
the stars {378 a 27-31).

LET us fivst deal with the shape of the halo and explan The shaps
why 1t 15 round and why 1t appears round the sun op e Rak
moon or siradarly round one of the other stars. For

the same explanation will fit all these cases,

The reflection of our vision takes place when the Condom
air and vapour are condensed inte cloud, if the con- J IR
densation is umform and #s constrtuent particles haio 25 &
small. 'This formation ¢ 1s therefore a sign of ram, sgn
while if i is broken it is a sign of wind, if it fades, of
fine weather. For if 1t neither fades nor breaks, but
is allowed to reach 1ts full development, it 15 reason-
able to regard it as a sign of rain, sinee it shows that
a condensation is taking place of the kind, which, if
the condensmng process contmues, will necessarily
lead to rain, And for this veason these haloes are

first smght seemns to refer to the cloud formation and not o
thehalo. Butat seems clear from what he says later{e.g. 1, 25)
that it 18 of the halo he 15 thmkmg : and the pa guoted
hy Ideler S}n. p. 277} confirm this. A full balo 1 & mgn of ram,
a broken hale of wind, & fading, dum hale of fine weather.
247



ARISTOTLE
272 h

yvovral T xpdav aﬁrm ubhiora  rdv cﬁ).m
Sray ¢ Smawaa@n, wvevpm*cg aypusiov- 1? Pip
Sw,cpemg v Wevgmms ye'yovev 7;59? pev ov-rog,
olmw 8¢ mapdrros. oquelov B¢ rovrov b &-
Teifley yffyveq'ab d dvsjeos, &?ev dv % xvple }iffyvqrm.
30 abéaﬂams‘ awepapawopew; 8¢ edblas el yop
et nws odrws 6 dip dore kpoarely 7o évawa~
hapBavopévov Bepuot pnd &oyeolor els wixvwow
B8ardddn, 6fhov ws olmw 7 drpls dmoréxpirar Tis
dvabupidaews [dnd] +hs fnpls wal mvpdBous:

rofire 8¢ edblas almiov.
ds pév ofir éyovros Tol dépos yiyverar % dvd-
a3 a KAagis, €lpnTar. dvarddrar & dwo ThHy cuvore
pévne dyhlos mepl vév HAwy 7 v oelhr § Sfus
88 oﬁ.&c & dvavrias cﬁmrep fpts éafvemt. wafwoﬁev
8¢ duofws amx?\wp,eimg (wayxawp xvx}\ov elvas 4 ki
m}x).ou pe’pag &'rro yap vof adrod cmpewv mpos
5716 adre onueiov ol isar xAeofioorTar énl wifxdov
yoeupfs det. €orw yap duwd rod onpeiov éd’ &
¢ A wpdy 10 B xendaouérg 1 ve 70 AI'B wal 9 vd
AZB xai 4 76 AAB- {oac 8¢ afiral ¢ af AT AZ
AA s, xal of wpds v6 B dAdjdas, olov af
1w I'B ZB AB- kal éwe&ﬁ;gﬂw 7 AEB, diore v 1ol-
ywva e kal vag fn togs iy AEB. dyfwoay
& xéf?eroa éri n}v AEB éx @Y yandv, amd p%y
s [ 4 76 T'E, dud 8¢ vfis Z 4 76 ZE, dnd 8 7fis
A 1'6 AE. low &3 adrav & w‘o:,s‘ yap 1*p¢ywvo¢g
16 xkal év vl émnéde wloar wpds Splds yap wlom
- AEB, Rat‘, b & omueior v B m&m—ovm.
xvx).og apa Eorat 'f; ypa«,‘fo;zépn, fcewpov 8¢ ré E.
ot B 1o pév B S 7fAwos, 70 B¢ A 1) Sifug, 4§ 8¢ wepl

1 secluss Fobes,

248






e~}

T fave p. 248]




METEOROLOGICA, TIL

the darkest of all in colour. But when i i2 hicken
1t 1s a sign of wind ; for its break wp is due fo a wind
that w already m being but has not yet anived An
indication that this is so is that the wind springs from
the quarter 1 which the mamn break oceurs. When
1t fades it 15 a sign of fine weather, For if the arr is
not yet 1n a state te overcome the heat contamed in
it and to develop into 2 watery condensation, itis clear
that the vapour has not yet separated from the dry
and fiery exhalation which causes fine weather,
"These, then, are the atmosphene condigions in which
reflection takes place. Our vision 15 1eflected from
the mist which condenses round the sun and moen
which is why a halo dees not appear opposite the sun
like a raxbow  And as the reflection 1 symmetrical
on all mides, the result is bound to be a drcle or a
segment of & circle, For when lines drawn from the
same point and o the same point are equal, the ponts
at which they form an angle will always lie on a
errele? For let the hmes ATB, AZB and AAB be
drawn from the point A to the point B, each forming
an angle : let the lines AT, AZ, A4 be equal to each
other, and the lines drawn to B, that s I'B, ZB, AB,
also equal to each other. Let the hine AEB be drawn
and the triengles so formed will be equal as they
stand on the equal base AKB. Let perpendiculars
be dropped from the angles to AEB, T'E from T', ZE
from Z, AE from 4. These perpendiculars ae then
egual, being in egual iriangles and 1 one plane.
For all mtzrei AEB at nght angles and at the single
point E, e figure thus drawn will be a circle with
centre B, B is of course the sun, A the eye, and the

¢ Here Armtotle in effect assumes what he Is setting out
to prove.
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= Fach particle thus refleching colow only and not sga;;e— :
372 & 32,

b The (.. would transpose these words, wserting them
after the nest sentence. 1115 not clear evactly where Ansioile

CHAPTER IV

ARGUMENT

The physical bams of reflechion.  Ouwr wvision w8 refected
Jrom all smooth surfuces. A reflecis when condensed {(some-
trmes sven when not condensed) : water reflects stll better,
and especrally water in process of formation by condensafion
Jrom uir.  Ench particle of s forms o warrors which reflects
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METEOROLOGICA, 111 1m-1v

arcumference drawn through TZA the coud friom
which the vision 1s reflected 1o the sun.

The reflecting particles must be thought of as being thasacter-
continuous, Each indwidnally is so small as to be ghtof te
invisible, but because they ave continuous they appear doud,
in aggregate as a single surface. The bright light,
that 18, the sun, thus appears as a continwous ring,
being mirrored in each of the reflecting particles as
a point of hght imndivimble by sense? It appears in
closer proximity to the earth because it is ealmer
there, and If there is a wind the halo cannot main-
tam: 188 position ®  Next to the bright ring of the halo
is & dark ring, which appears still darker beside the
brightness of the halo

Haloes round the moon are more frequent than Haioes
those round the sun because the sun bemg hotter 10208 the
more quickly dissolves the condensations of the air. stars
They are formed rcund the stars from the same
causes, but are not weather signs m the same way,
because they indicate condensations that are in-
mgnificant and so not productive of weather changes.

does suppose that haloes form. of, note on Arsstotle’s wiews of
the stratification of the atmosphere at end of Book L, ch. 3,

CHAPTER IV
ARGUMENT (confinued)

colowr andy, not shape * on egglomeration of particles forms
a copttnuous mirror wn which the colours mirrored by the
constituent periicles appear. So when sun and cloud are
suttably related o ranbow 1 formed (378 a 82-h 32), The
ratnbow ie coloured, the haly not coloured because the rainbmo
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1¢ ¢ reflection from water, the halo from avr, and air (being
Lghty cannot reflect colours, water (bewng dark) can  Exomples
(378 b 82874 b 7). The colours of the rarnbow are due g
the weakening af owr stight by reflection Thas tahes ploce m
thres stages - i the first the bright light of the sun, reflected
in1 the darle medwumn of water, turng red  further weahening
of the sught produces green ond then blue. These are e

smaane  H 8 lois Sr pév dorww dvdrdaots, elpyrar mpé-
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three colours of the rambow (374 b 7—876a T).  The yellow
s the rawnbow due to contrast of colours and not lo reflaciion
{3%5 . 7-28) The same causes account for the double ram-
how ; =0 the ouler of the two the erder of colours w reversed.
More than fwo rawmbows are not seen af o fume (875 2 20~

b 15).

I has already been stated that the rainhow is a
reflection. We must now proceed to explein what
kind of a reflection it 15, how its varions character-
1stics arise, and to what cause they are dae.

Our viston, then, is reflected from all smooth sur- How the
faces, among them afr and water. Awr reflects when Fomy pa
1t is condensed ; but even when not condensed 1t ean reflecton.
produce a reflection when the sight is weak., An
example of this 15 what uvsed to happen to 4 man
whose sight was weak and unclear : he always used
to see an image going before him as he walked,
and facing towards him. And the reason why this
used to happen to him was that his vinon was re-
flected hack to him ; foy ity enfeebled gtate made it
so weak and faint that even the neighbouring air be~
came a mirror and it was unable to thrust 1t aside.
Distant and dense air does of course normally act as
a mirror in this way, which s why when there &
an east wind promontories on the sea appear o be
elevated above it and everything appears abnormally
large @ ; the same is true of objects seen in 2 mist, or
twilght—for nstance the sun and stars which at their
rising and setting appear larger than at their meridian,

But reflecilon takes place chiefly from waten, and
still better from water in process of formation than
from air: for each of the particles which when con-

¢ Tt 15 not clear exactly how Arstolle supposed this effect
to be produced : ¢f, Problems xxvi. 53,
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densed forms a ramndrop will necessanly be a better
xrror than wist. Now 1t is clear, and has already *
been stated, that in murrors of thas kind colour only
is reflected and shape does not appear When, there-
fore, it is about to ram and the air in the clouds is
already condensing into raindrops but the rain is not
yet falling, if there is, opposite the cloud, the sun
or any other object so bright that the clond mirrors
it and reflection takes place from the cloud to the
bright object opposite, an mmage of eolvur but not of
shape must be produced. Kach of the reflectng
particles is invisibly small, and the continuous magni-
tude formed by them all 1s what we see ; what sppears
to ug 15 therefore necessanly a continuous magnitude
of a mngle colour, since each of the reflecting particles
gives off a eolour the same as that of the continuous
whole. Since, therefore, these conditions are theo-
retically possible, we may suppose that when the sun
and the cloud stand in this relation and we are situated
between them, the process of reflection will give nse
to an image. And it is under these conditions and
no others that the rainbow in fact appears.

It is clear, then, that the rainbow is a reflection of
our sight to the sun. And so the rainbow is slways
opposite the sun, the halo round it. Both are reflee-
tions, but the variety of ifs eolours distinguishes the
rainbow, which iz a reflection from a distance and
from water that i dark, while the halo it 2 reflec-
tion from near by and from air which is naturally
lighter.

Bright light shining through a dark medium or
reflected in & dsvk surface (1t makes no difference
which) looks red.? Thus one can see how the flames

v Pg Sensu 440 a 10, De Col. ch. 2, 792 a 8 &,
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of a fire made of green wood are red, because the
fire-light which 15 bright and clear 15 mized with =
great deal of smoke; and the sun looks red when
seen through pmst or smoke, The reflection which
is the rainbow therefore has its outermost cirenm-
ference of this colowr, since the refieetion 13 from
minute water-grops ¢{ but in the halo this colour does
not appear. With the other colours we will deal later.
Further, 2 condensation of this kind does not linger
long round the surn iself, but either turns to rain or
disperses , hut during the formation of water opposite
the sun some time elapses. If this were not so haloes
would be coloured like the rainbow, As # s, ne
complete or circular halo presents this appearance,
but only the small, partial formations calied “ rods 7
for if a formation of the kind of mist which arises from
water or any other dark substance i the way we
maintain * were present, we should see & complete
rambow, hke the one we see round lavops. Tor s
rainbow does form round lamps in the winter,
especially when there is a south wind, and 1 most
clearly visible to those whose eyes are watery, for
their sight is weak and so easily reflected, “Fhe rain-
how 18 due to the moisture of the air and lo the soot
which is given off by and mized with the flame, and
so forms a murrer owing to the dark eolour derwved
from the smokiness of the soot¢: and the ight of
the lamp appears not white but purple, and forms a
ring like a rainbow, except that the colour red is

5 4 i zbove : the rainbow is a reflection ina dark medwm.,

¢ Or tuke vdre ydp ylverer &oyrpor {1, 25) 85 a parenthesis,

and the meaning is that the rambow s due fo mowshure, 1o

soot and the dark colour derived from the soot, which be-

tween them constitute the nurzer, Bub Alew, seems to have
had a text punctvated as that printed here.
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dmddacts & forw TG vép exdelmew Ty Gy QScuw'rm
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150 78 p Suwvelofar Ty S, Bewpeiobu pdv
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& % 1t iz bound to be weak by lampiight " {O.T.)
STﬁalch.anvi.g {
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missing, as the reflected wvision 1 weak? and the
mirror dark. The rainbow produced by oars breaking
water 1 the outcome of the same relative positions
as a rainbow in the sky but is more hke the minbow
round a lamp in coleur, since it appears purple and
not red The reflection takes place from a number
of muute water-drops which form between them a
continuous surface, and which are of course water
already fully formed. A rambow is also produced
when someone sprinkles a fine spray into a room so
placed that st faces the sun andas partly illunnnated
by it, partly in shadow, When anyone sprinkles water
inside a room 50 placed e rainbow appears, te anyone
standing outside, at the pomt where the sun's mys
stop and the shadow begins. It amses w the same
way as the rainbow produced hy the oars, is <imilar
to it in colowr and due to the same cause, for the
sprinkler uses his hand Hke an oar,

The following considerations will make clesr both
that the colours of the rainbow are such as we have’
described ? and how the other colours appear in it
We must, as has been said,® bear in mind and assume
the fellowing prineiples, (1) White ight xeflected on
a dark surface or passing through a dark celoured
medium produces red ; (2} our vision becomes weaker
and less effective with distance ; (8) dark coloaris a
kind of negation of vision, the appearance of darkaess
being due to the faflure of our sight ; hence chjects
seen at a distance appear darker because our sight
farls to reaeh them. These principles shounld be
examined in the lght of the processes of sensation,
and the discussion of them properly belongs to the
theory of sensation ; here let us say ne more about

Cf. 8735 9,5744 8,
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& * e, whether the object 5 schually further from the eye
m apace or whether fown to reﬁectmn) the sight travels to
it by a longer route ” (O.T, b CF. De Cano 268 ad

¢ ¢.¢ mner, ¢f, 375 b 6. 8%4 b o,
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them than is necessary for our present purpose. At
any rate, they give the reason why dmtant objects
appear darker and smaller and less wrregular, as do
alse objects seen 1n rarrors, and why teo the douds
appear darker when one looks at their reflection in
water than directly at them. Ths last example isa
particularly clear one . for we view them with & vision
dimnnished by the reflection. And it makes no differ-
ence whether the change is in the object or in onr
viston # ; the resuli 15 the same in either case. The
following fact also must not be overlooked ; when a
cloud i¢ close fo the sun, when we lock direetly at it,
1t appears to have no colour but to be white, but when
we look at its reflection in water it sceras to be par-
tially rainbow-coloured. The reason i clearly that,
just as our vision when reflected through an angle and
so weakened makes & dark colour appear stiil daker,
s0 algo it makes white appear less white and approach
nearer to black., When the sight is fairly strong the
colour changes to red, when i 1s less strong to green,
snd when it is weaker still to blue. There 1 no
further change of ecolour, the complete process con-
sisting, like most others,? of three stages ; any further
change is imperceptible. This is why the rainbow
is three-coloured, and why, when there are two of
themt, each is three-coloured, but the colours ave in
the reverse arder in each. In the primary ¢ rainbow
the outermost band is red. For the vision1s reflected
most strongly on to the sun from the largest cireum-
ference, andathe outermost band is the largest : and
corresponding remarks apply to the second and third
bands. So if our assumptions ¢ about the appearance
of colours are correct, the rainbow must be three
coloured and its only colours must be these three.
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favBdv. pdyiorov 8¢ enueior Tovrev ¥ dmd e
ceAijrns fpist dalverar yop Aeust) wdparav. yiyverar
8¢ robro o1 & Te 1@ véde Lodepd daiverar xai
20 dv vurrl. domep olv wip émi wip, pédav mwapd
péday mowet 10 fpdpa Aeuxdy mavreAds paivealfu
Aevrdyr Tofiro 8’ édoriy 70 dowucetv.  ylyverar Bé
robro 76 mdfos waradavés xal éwi Tdv avfdv &
yap Tols Sddopaciy xal nowldpacy Guifinroy Swaw
25 péper v gavracly dAa wap' dMa rildueva Tiv
1 Eore . . . xpdparos post daiveras | 8 fortasse tranciendum:
post pdvoss 1 7 coll. Thurot, et pro 74 B¢ favliv dalverar o

eTaL Oe, 2 dwgivo Eogry Ny

3 dpniirara seclusis om, E; Ap O1 O.T.

% Ia what follows (1. 7-17), Arstetle 15 fryiug to account
for the orange colour mn the rambow, This he regards as due
not to refiechon, like its other three colours, “out to the con-
tiast of two colours i jniaposiion. The argument of the
passage 15 not easy to follow in detarl. What seems certem
is that Anstotle s trying te explain two things ; {3} the ccour-
rence of a yellow band befieeen the red and the green; this
he has already noticed (372 2 9) and refers 0 here (1 13-12)
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The yellow colour® that sppears in the rainbow is
due ta the contrast of two others; fo red in contrast
to green appears Hght. (And the yellow colour m
the rainbow lies between the red and green)* An
example of such contrast 1 the fact that the rainbow
3 purest when the cloud is blackest, and that i these
cireumstances the red appears more yellow. So the
whole of the red appesrs light because of the contrast
with the blackness of the swrrounding cloud; for
compared with the cloud 1t 15 hght-coloured. The
same thing happens when the rainbow is fading and
the red dissolving for the cloud, which 1 white,
changes to yellow when brought next o the green?
But the best ilustration of co%;)ur contrast is afforded
by the moon rambow. This appears entirely white,
simply because 1t appears in dark clovd and at mght,
For as fire increases fire,® so dark placed by dak
makes a dim Hight (like red) appear clear and hright.
The same effect can also be seen m dyes: for there
is an indesecribable difference in the appearance of
the colours in woven or embroidered materials when

() the replacement of the red band by a yellow, which is
a[ilparentl what he has 10 mumnd m Il 16-14 and ceriainly
what he has in mind in L 1418 {see nole bl As Thuret
pownted out, the sentence fom 8¢ . . . xpdporos {1, 11-12}
in 1ts present position breaks the sequence of thought. 1 have
suggested that it would come more naturally after duiverse
{l. 8} and trenslated accordingly. Aiistotle thus starts by
sccounting for the yellow befwsen green and red by colonr
contrast, and then goes on {l. 9 oypetor 8¢ rodrow, . vob map’
e paiveotuc} to give further examples of such contrast n
which the whole of the red 1s replaced by yellow.,  dreivo should
then be read for deebva in 1 14,

t YWhen the ramnbow fades the red disappears first. It s
to this that Aristotle refers here when he speaks of a vellow
band replacmg the 1ed as & resuit of colour contrast.

¢ Proverbial.
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they are differently arranged, for mstance, purple
15 quite different on a wlite or a black background,
and varistions of light can make a similer difference.
So embroiderers say they often make rustakes m
their colours when they work by lamphght, pickmng
out one colour i mistalke for anothel.

Thas, then, 18 why the rainbow 1s three-coloured and
why the rainbow is made up of these three colours
only. The same cause accounts for the double rain~
bow and for the colours in the outer bow bemg
dimmer snd in the reverse order. For the effects
here are the same as those produced by an inerease
in the distance of vimon on our perception of distant
objects.? The refleetion from the outer rainbow 18
weaker because it has farther to travel; its impuke
18 therefore feebler, which makes the colours seem
dimmer. The colours arve in the reverse order beeaue
the impulse reaching the sun 1 greater from the
smaller and inner band ; for the reflection that 18
closer to our sight is the one reflected from the band
that is closest to the primary rainbow, that 13, the
smallest band 1a the outer rainbow, which will con-
sequently be coloured red. Ard the second and thiid
bands are to be explained analogously.

© 0814 b o £
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3 b
‘H &w lps &’ § 76 B 5 dow, % wpdry, ¢ §
1076 A- 10 yodpara 8, &8 & w6 T, downkobdy, &'
& 70 A, mpdowov, & & B, dloupydv: 16 Earfioy
3¢ datverar €’ of 7o L.

B

B

Tpeis 8 odrér ylyvovrar, 0dde mAelovs Ipiles,
3o 70 wal iy Bevrdpav ylyveolor duavpordpar,
L4

Sore xal vy Tpiry dvdxkAaow wdpray dolerd yiy-
15 veoBou xal dduvvarely duxveiobar mpds Tov FfAeov,

CHAPTER V

ARGUMENT

(I) Demonstration that when the sun 18 on the horison the
rawnbow cannot be greater than o senicwrels (375 b 16—376
b 82). (I} Demonstration that when the sun 1w above the
korizon the rainbow must be less than o semicwrele (376 b
28377 5 11}, {JIT) The differences wn the size of the sun's
are above the horvzon aecount for the faet that rawnbows do not
acour af midday wn the swimmer onthe (377 & 11-28).
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Let B be the outer and A the immer, pnmar
rainbow : and to symhbohze the colours, let us use f:
for red, A for green; E for purple.  Yellow will appear
at Z.

Three or more rainbows are never seen, because
even the second is dimmer than the first, and so the
third reflection is altogether too feeble to reach the
b1 8

CHAPTER V
ABGUMENT {confinued)

Note.—The generad intention of fhese geometrical demon-
siraiions iz cleur. In the first the eye w imagmed io be at the
centre K of the horwoon (Feg. 1) ¢ the Hnes of wasion form n
cone with apew K and base the cirele MMM, The sun or other
koavendy body is imagined to be rsing on the horwzon af H,
Then MMM s the rownbow, [t is evdend ai once that 17 fhe
Iimifing case represented by the figure the rambow will be o
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Sfigure can be draum for other seasons with the sun’s course
shown a8 @ segmient greaier or lege than a ssmicwele,  dnd
this veriation of the are aecounis for the fact that wherws
in the shorter days rainbows oteur ot any time of duy, durmg
the longer days they cannot oecur ot nndday.

It will be elear from a study of the diagram that the
rainhow can never be a complete circle or & segment
of & circle greater than a semicirele ; the dagram
will also make clear its other properties,

(I3 (1) Let A be a hemisphere resting on the cirele Deren
of the horizon whose centre is K: let H be another ™
point riging on the horizon,  1f the lines that fallin
a cone from K rotate about HE asun axis, and if lines
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drawn joimng K and M are reflected {(at M) from the
surface of the henusphere back to H over the obtuse
angle (HEM), the limes from K fall on the circom-
ference of a circle. ¥ the reflection iakes place at
the nsmg or setting of a heavenly body, the segment
of the cirele cut off above the earth by the horizon
will be a semicircle ; if the body has risen higher,
the segment will be less than a sermcirele, and it
will be smallest when the body reaches its meridhan,

(2) For let the heavenly body be just rising at the
point H, and let the line KM be reflected to H, and
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¢ I have onutted the words év §§ 4 A since A has so far only
aecurred a5 a hemisphere (11, 109-20}, and =0 to speak of it lying
on a plane 1s nonsense.  Sense can anly be made of the words
by supposing that A refers here to something ele {eg. “*a
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let the plane of the triangle BEM be produced = It
will cut the sphere in a great cirdle: let this be
called A. (Il makes no difference which of the planes
passing through HK and determined by the trnangle
KMH js produced} Then lines drawn from the
points H and K {o any point on the semicircle A other
than M will not bear the same relation to each other
{as HM and KM). For if the points K and ¥ and the
line HX are given, the ine MH will be given too, and
so the ratio of MH to MK. The point on M thus
touches a given chrenmference, which we will eall N¥,
and so the intersection of the two cireumferences b
is given. But the same ratio will not hold between
lines drawn from the same ponts H and K and in the
same plane o any circumference other than MN.
(8) Braw a line AB outside the figure, and divide

A B Z

L L K}

| TR Y mrrram
Fig. 3

it into two parts & and B in the ratie MH :MK.
MH 18 greater than MK since the reflection of the
cone iz over the greater angle, subtending the greater
angle of the triangle KMH. [Ais therefore greater
than B.] Produce the hne B to form a hne Z, so that
B+ Z has the same ratio to & as .3 has te B. Pioduce
HE to II so that B has the same ratio to KII as Z
to KH. Join I and M to form the line MII. II wmli

&
great civele of the whole sphere ™ {0.T.}).  But Alex. does not
seem to have had the words, and the passage makes better
sense without them.
® ie. of the great encle formed hy producing the plane of
the hriangle HEMM and called A {L 375 b 38} and the circle
forming the base of the cone (MMM Fig. 1)
M3
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then be the pole of the aircle on which the lines from
K fali: for the ratio of Z to KH and Bto K11 is the
same as that of A to TIM.  For suppose it is not so,
and A bears this ratio to a ine grester or less than
IM (it does not matter which), Let this line be ITP,
Then HX and KIT and TIP will stand in the zame
ratio to esch other as Z, B and A, But %, B and A
stood in ratics such that A waste Bas Z+ Bio A se
that TIH is to TTP as TIP to TEK. [f, thevefore, from
the pomts K and H the lines HP and KP are drawn
to P, the lines so drawn will bear the same ratio to
each other as HIT to TP, for the trisngles HTIP and
KPH are homologous about the angle I1. 8o IIP will
hear the same ratio to BY as HII o #IP. Buat MH
and KM alse stand in this ratio, as the ratio of both
HII to P and MK to MH is the same ss that of
A to B. Therefore, from the points H and K lines
standing m the same ratio to each othex wili have
been drawn both te the dreummference MN and to
ancther point, Which is impossible. Since, therefore,
A canmot bear the ratio in guestion to 2 line either
less or greater than MIT (the proof in either case is
the same), it follows that 1t must bear that ratio to
MIT itwelf. So the ratio of MII to ITK is the same as
that of ITH to MIT [and finally MH to MK].

(4) I, then, a drcle is drawn with TT as pole and
distanee MIT, it will touch all the angles made by the
refiection of the lines from H and K. If not, 1t can
be shown as before that Hnes drawn to different
points on the semsicirele A bear the same relation
to each other, which is an impossibility. If, then, you
revolve the semicircle A about HETI as diameter, the

P ZBAE, B Ap O, AB % Fobes, * secl, Fobes.
* H ol Keon O, ef. Ap: MA sddor Fobes.
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METEOROQLOGICA, IlL v

hnes reflected from H and K to the point M will bear
the same ratio to each other inall planes, and theangle
KMH will reman constant, as will also the angle mada
by HII and MII apen BHII. B¢ the triangles on HII
and KIl.are equal to the imangles HMI and KAMT,
Their perpendiculars will fall on the same pont in
HII and all be equal Let the point on which the
falibe © Then () 18 the centre of the chrele, of whicg
a semicircle MN is ent off by the horizon.e

[For the sun does not master the parts above, but
does master those near the earth and dissolve the
air. And that is why the arele of the rainbow is not
complete. A rainbow at night, due to the meon, s
rare For the moon is not always full, and isnatarally
too feeble to master the air. The rainbow stands
most firmly when the sun is most mastered ; for then
most mowsture rexains mat 1?

(IT) Again, let the horizon be AKT, and let H be Demonstes
raised some way ahove the horizon, And let the axis %* ()
now be HII, The proof will be the same in most
respects as the one above, but the pole of the circle
IT will be below the hervizon AT, since the point H
hag risen above it. The pole, and the centre of the
cirele (0),¢ and the eentre (K of the cirde on whose
are the sun rises (that is, the circle HI) are all m

* This seems ip assume thet the great cirele A (of 373
b 28: MPNH of Fig. 2) is the cucle of the horzon, which
s not what the earier paris of the demonstratlon would Jead
one to suppose, of. 375D B0 E. Buf Aristotle raay he speakmg
cayelessly, or the words may be & gless(0.%.: theren no {race
of them in Alex.). The &T.’s conzecture, ** 4 senucrcle of
the circle about MN,” would avoud the diffieuliy.

¥ As Ideler and O.T. remark, thia passage 1 certamlby onk
of place here: and I agree with the O.T. thal “it » 1nen-
herent 1n itself and certainly an interpolabion ”

¢ i.6 the circle which Is the base of the cone.
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2 dmé Fobes: dod B Feorr H N Q.T,

4 Though Fobes’ resdmgs, ¥Y0 and OY, heve good
aunthority, 1t is clear from Fig. 4 that the sense of the passage
demands the readings gwe ere, which are those adopted by
Bekler and the Q.



METEOROLOGICA, JII. v

the same straight lne But sinece KH ic above the
diameter AT, the centre will be below the former
horizon AL on the Iine KT at the point 0. The seg-

H ki
A 7 T
T
0
Fig. 4

ment ¥Y above the horizon will thus be less than a
hemisphere : for WY %is 2 sericirele and is now cut

off by the horizon AT, So part of it, Y02 will be in-

visible when the sun has risen above the horizon, and

the visible gegment will be the smallest when the

sun is on its meridian, For the higher His, the lower

will be the pole snd the centre of the circle

(I1I) The reason why, during the shorter days after (HD) The

the autumn equinox, it is possible for a rambow to 3;%:;:5,3 ¢
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CHAPTER VI
ARGUMENT

{1} Mocl suns and rods. Rods are due o the roflection
of our sight lo the sun from clovds of uneven consmstency
(377 a 20-b 18). Mock suns are due to reflection from even
and dense cloud. Moek suns ae sugne of roan (377 b 15-27).
Why mock suns and rods appenr only at the £de of the sun,
and not above or beneath it (377 b 27--378 & 14). (2) We

wrase Fas § adrds alrias dmolmmréov xal mepl map-
30 Prlwy xal pafdwy rais eipnudvais.
280



METEOROLOGICA, 111, v-v1

ovcur at asy time of day, but during the longer days ta the wn%
between the spring and aulumn equinoxes norainbow
oceurs about mndday, 15 as follows : When the sun's
orbit is north of the equator the visible segment of

1t is greater than a semicircle and continues to in-
crease, While the segment that is innsible 15 small;
when it 13 south of the equator the upper, visible
segment 15 small, while the segment below the earth

is large, and imcreases as the sun recedes. In the
days of the sumzmer solstice, therefore, the size of the
segroent 53 so large that before the point H reaches
the middle of the segment, that 15, the mendian, the
point IT 15 already well below the horizon, because
the segment 18 large and therefore the distance of the
merichan from the sarth great. But in the days of
the winter solstice the opposite result must follow,
because the segments of the sun's orbit above the
earth are not large « for the sun reaches its meridisn
when the point H has risen only a small distance.

CHAPTER VI
areumENy (confinued)

have sl to study the effects produced by the twg forms of
exphalation within the earth. They give rwe o fuo iypes of
substance, wnnerals and melels (378 a15-b €).

With 378 a 14 . of. Bichhols, © Aristolle’s Theory of
the Formatiow of Metale ond Minerals,” C.Q. ahii (July-
Oct. 1949).

(1) Mocx suns and rods must again be supposed to {1} Mok
be produced by the same causes. 2008 8
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METEOROLOGICA, 1L w

A miock san is caused by the reflection of cur sight dee to
to the sun, Rods are caused when our sight reaches Xfcton.
the sun in the condition in which we have said =t 70
does when 1t is 1eflected from some liguid surface to
a cloud, when there are clouds near the sun - for the
clouds when we look directly at them appear eolour-
less, but their reflection 1 water is full of rods. The
only difference is that 1t is the reflection of the doud
in water that appears coloured, while the colours of
the rod appear on the clond iself This takes place
when the consistency of the clond 15 uneven, and part
of it is dense and part rare, part more and part less,
watery. For when the sight 1s reflected to the sun
its shape 35 not seen owing to the smallness of the
reflecting particles,” but its colour 15+ and the clear,
bright light of the sun to which owr sight1s reflected,
seen on an uneven reflecting surface, appears partly
red, partly green or yellow.® It makes no difference
whether 31;% t passes through a medium or s reflected
from a surface of this kind : in enther case a similar
colour appears, and if it is red in the one case it will
be in the other.

The colour, therefore, of rods, though not their Mock mns
shape, is caused by the unevenness of t‘ie reflecting
surface. A mock sun appears when the air is very
even and at the same time dense. Hence its bright
colour. For the evenress of the reflechng surface
produces an image of 2 single colour; and our sight
is reflected as a whole and projected all at once to
the sun frorg, the mist, which is dense and very nearly
water though not yet quite, and this reflection causes

s 874 b O O esp. 314 B 20
b @72 e 32, 879 b 14,
2 O, 8%4 b 30,
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METEOROLOGICA, III. v

the sun's real eclour to appear, as it does when our
sight i reflecied by the density of a polished copper
surface  As the colour of the sunis bright, so, there-
fore, is the colour of the mock sun. For this same
reason the mock sun is more 2 ugn of rain than of
rods, the air being in & more favouwrable condition
fur the production of water And a mock sun in the
south is more of a sign of rain than one fn the north,
because the air in the south is more lable to change
to water than the air towards the north.

Both rods and moek suns oceur, as we smd,® at sun-
set and sunrive, and nether above nor below the sun,
but besde it, Nor do they cccar very close to the
sun, nor very far off. Tor if the condensation is close
the sun dissolves 1t, and if # is far off the sight 1s not
reflected. For when the reflectmg surface is small
the sight grows progressively wesker as the distance
increases, which is why halees do not oecur opposite
the sun  If, then, the condensation is close to the sun
and above it, the sun will disselve it - if it iq far at a
distance from it, the sight is teo weak to produce o
reflection and does not reach it. But at the side of
the sun the reflecting material can he far enough
away for the snn not to dissolve if, yet near ensugh
for sight to reach it as a whole, because its conrse is
near the earth and 1t js not, as it were, dissipated on
its journey through space. Reflection does not take
place below the sun because close to the earth the
sun would dissolve the reflecting material, whereas
when 1 forms high in the heavens the sight is dis-
sipated. ¥ndeed 1t does not take place even at the

® 372 2 10,

* yvoudms ovordoews 01, Fobes, ef. Ap: Srog B 32,
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METEORCLOGICA, Il w1

mde of the sun when it is high : for our sight is not
then travelling elose to the earth, and so when &
reaches the reflectmg surface 1t 15 already weak and
1ts reflection lacks force entirely.

(2} This, then, completes our enumeration of the (&) The two
kind of effects produced by exhalation in the regions JIR5H
above the earth’s surface . we have siill to deseribe within the
those which it produces when enclosed in the parts
of the earth

It produces two different knnds of body, bemg itself
twofold just as 1t is in the upper regions  For there
are, we maintain, two exhalations, one vaporous and
one smoky ; and there are two corresponding kinds
of body produced within the earth, " fossiles " and
metals.® The dry exhalation by the action of 1ts heat
produces all the ™ fossiles,” for example, all kinds of
stontes that are infusible—realgar, ochre, ruddle,
su}phm and all other substances of this kund. Most
“ fossiles " are coloured dust or stone formed of &
similar composition, for instance cinnabar, Moetals
are the product of the vaporous exhalation, and are
all fumbie or ductle, for example, iron, gold, copper.
These are all produced by the enclosure of the vape-
rous exhalation, particulsrly within stones, whose
dryness compresses 1t together and solidifies it, just
as dew and frost b sohdify when they have been
separated—only metals are produced before separa-
tion has teken place. So they are in a sense water
and in ancther sense not: it was possible for their
matenal to $frn into water, but it can no longer do so,
nor are they, hke tastes, the result of some change of

realgar, ochre, ruddle, sulphur and cinnabar, hat also those
stones which cannot be meited © (Eichholz, foe, el |
® Book 1. ch. 10,
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METECROLOGICA, L w

quality in watex that has already formed. For this
is not the way in which copper or gold 1 produced,
but each is the result of the solz‘dihgcaticn of the ex-
halation before 1t turns to water. So all metals are
affected by fire and contain earth, for they contain
dry exhalation The only exception is gold, which
is not affected by fire,

S0 much for & general account of these bodies;
we must now take each kind separately and examine
it in detail.



A
CHAPTER I

ARGUMENT

OF the four constituent quahitwes of the four elements, twe,
Reat and cold, are actwe, two, moiel and dry, are possive
(378 1 10-26). Theee factors, actwe and passive, give rise fo
generation, change and destruetion (3781 86—379a11). De-
struction is due to the failure of the aclive fuctors in g thing
to master the passive. Decay 15 due io the destruction of o
motst body's natural heat by ewternal heat, and so may be
sard to be due to snternal cold or external heat,  Confirmatory
examples (379 & 11~h 9).

s71en10 Emel 8¢ rérrape alrie Subpioras 13y orotyeiwy,
TodTwv 8¢ KaTd a'm:v'ytfas kol T4 oTouyeia fé*m'apa
cmpﬁeﬁv;fcw efm, dy 'rri ey Bdo u'rom}'ruca, Td
3eppov xak 76 yuxpdy, 7d 8¢ Bdo malyrucd, 76 Enpov

wat 8 ﬁypov 'f} 8¢ mo‘ﬂg 'rom'wv éx rijs ewayqug

16 qbawema yap ev o 1 udv ﬂeppomg el z}rvxpomg

9 Lgovo'm xal o‘vmfwavcmz xai peq‘aﬁaﬁhovam ¢

é opoyev’q xai 7d ;.m;l opoyem}, xai dypaivovon

xal fnpaivovoar xal oxdnptvovcas Kol Lia drrovaar,

ra 8¢ Enpd kol Typd dpildueve xal TdAda T4 eipy-

# Cf. Book L. ch. 2. For the general docirne of the four
elements, each of which is compozed of prime matter and a
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BOOK 1V
CHAPTER I

ARGUMENT {continued)

Note~-The word transioted " generation™ i this
chapter (yévems) covers alf processes of connng wnfo exstence
of whotever kand ; ** destruction ™ {$80pd), correspandingly,
covers all kinde of passng out of emstence; ©decay
{a‘i_a‘ga’usl) 12 @ partweulor, but very common, type of * destrue-
tran " {¢fopd), covering generally cases in whekh a Fung
decgys, dimntegrotes or perishes in the ardinary cours of
nature {cf, 879 a 8),uf¢ literal meaning beang ¥ putrefarizon.”

Wz have distinguished in the elements four causal Thesctie
factors whose combinations yield four elements # : two 2@&&" ®
of the factors are active, the hot and the cold, twoare

pasaive, the mowst and the dry.  Thus can be confirmed

by considering some examples. (1) It is always heat

and cold that are observed to determine, combine and

change things both of the same and of different kinds,

a5 well as moistening, drying, hardening and soften-

ing : things dry and moist, on the other hand, are the

subjects of determination and the sther changes just

pair of the prime contrariehes {fire mhot—dg?, airsmowsi-tot,
water = most-cold, earth =diy-cold), see De Claslo m-rv, De
Gen. et Corr.n 18, For the view that hotand cold ars achve,
moist sad dry passive, of. in partienlar De Gen. o Corr. 0. 2,
326 b 20-83, and Jozclum's note ad 329 b 24-26.
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METEOROLOGICA, IV, 1

enumerated, both in isolation and in combination
with each other. (2} We can see the same thing by
exanumng the ferms of the defimtions we give of the
natures of these factors, ¥or we speak of the hot
and the cold as active {for what canses combnation
15 mn a sense active} and the moist and the dry as
passive {for whet is unresistant or resistant is 50 de-
seribed 1n virtue of bemng affected in s certain way).

it is elear, therefore, that of the four factors two ey
are active, two paswsive. Having established this, we gﬁﬁg‘glm
must deseribe the operations of the active factors and waus
the forms taken by the pasmve. Tirst, then. simple ﬁgﬁ;ﬂf’:ﬁa
generation and natural e]iljange are the resunlt of these destrinion,
properties, as well as the comresponding natural
destraction @ and these processes ocour both in plants
and in animals and thew constituent parts. Smple,
natural generstion is a change effected by these
properties, when present in the right proportions, in
the matter underlying a particular nstmal thing, this
matter being the passive preperhies of which we have'
spoken. The hot and the cold produce change by
mastering the matter: when they fal to master it
the result is half-cooked ¢ and undigested. But the
most %eneml contrary to sumple generation is decay.
For all natural destruction leads to decay, for 1nstance
old age and withering, and all compound natural
bodies rot in the end? unless they are destroyed by
violence : for it 1s of course quite possible to destroy
by burmng exther fesh, bone or anything else which
in the ordinary course of nature is finglly destreyed bv

o %‘f 381 & 12 and ch 8, note 5 on p. 306,
¥ The omussion of rdv iy rotrer gives the sense that
seems to be required, thoagh there 15 no as. justficahon for
the omussion ; the passage is clearly corrupt and the words
may be & gloss on wdvrwr,
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s Cf Joachun, loe. «if ¢+ for the voportance of odudvror
T, He'wmes xlwni pp. 18-85, and Joachim,

Beppdy of. J&CE
Jonml of Philology, sxix (1003), pp. 7%-86, and De Part. .tn,
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METECGROLOGICA, IV, 5

decay. Things, therefore, that are decaymg become
first moist and then in the end dry: for 1t was from
these properties thal tht:t{l originated, the most bemg
detexrmaned by the dry through the operation of the
active properties

Destruction takes place when what is being deter- Destruc,
zuned gets the better of what is determining it with §228d
the help of its environtoent {though there is 2 special caumed.
sense in which decay is used of things which are
partially destroyed, when they have departed from
their true nature)  So everything else decays except
fire + for earth, water and air all decay, since all are
matter in relation to fire. Decay 15 the destruction
of a moist body's own natural heat by heat external
to 1t, that is, the heat of its environment? Since,
therefore, a thing is so affected because of lack of
heat, and as everything that lacks this property is
cold, decay is caunsed by end s the cormmon result
alike of internal coldness and external heat. That
is why everything that decays gets drier, until it ends
as earth or dung: for as its own heat leaves it its
natural meisture evaporates, and there is nothing to
suck moisture into if {this being the function of its
own heat, which atiracts and draws mosture in)
And there ig less decay in cold than in warm weather :
for m winter the amount of heat in the sarrounding
air and water is so small as to be meffective, while
in summer {t is greater. Again, what 18 frozen does
not decay, as its cold is greater than the aur’s heat,
and therefore is not mastered by1t  but what causes
change in a %hing does master it. Nor does any-

i. 8,650 a 2 F, De Gen. dn. 188 b 33 ., 742 2 14, T84 &
34 fF., De Vit. ot Mort 4695 7-20, with Book I, ch, 2,855b @

above.
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* (O, 880 b 5: Arwtotle believed that living things
{s.7. maggots) are produced spontanecusly fom decaying

CHAPTER II
ARGUMENT

Chapter I has dealt with heat and cold as causes of growth
and decay in general, the processes which produce or destroy
natural bodies : Chapler 11 goes on to deal with thewr effects
on bodwes so produced. The q}?"ect of heat 2 bodies 18 con-

379k 10 Amm}v 3 elwely o dybueva €ldn, Soa al e;pq-
pévar Swap,ecs épydlovrac & Smorequdvaw Tiv
Pioer owveordrwy Ho7.
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METEOROLOGICA, IV, px

thing bothng or hot decay, beeause the heat in the
surronnding arr is lews than that m the object. and
s0 does not master it or cause any change. Similarly,
what is in metion or flowing decays less casily than
what is static. Tor the motive force of the hesat in
the air ie less than that of the heat residing in the
ohyeet, and o causes no change, For the same reason
large quantities decay less than small ones  for the
larger quanttty has too snuch natwve heat and cold
in 1t for the properties of 1ts envnonment to master.
Thevefore sea water in small quantities decays rapidly,
but in bulk it does not  and the same is true of other
kunds of water, Living things are generated in
deecaying matler becanse the natural heat which 1
expetied compounds them out of the matenal thrown
off with it

This completes om description of generation and
destruction.
matter + of. Higt .dn. v. 3 and Bomiz, fadex, 124 b 2-29, for
further references,

CHAPTER 11
ARGUMENTY (continued)

cocteon, of which thare gre three species, ripening, boilug and
rousting : the affect of ooid ¢ 1nconcootion. whose sprcres are
rawness, scalding and seorching (879 b 10-18).  Concoction
and wneancoction, Coneoction 18 maburily, produced by heat |
tnconcoction 1% opposte (379 b 18580 a 10},

Wz must next deseribe the kind of effect which the
properties in gquestion moduce when operating on

already constituted natural bodies as thelr material
27
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Y wemamdperor (in O glossam) ¢l, Tharot,

* Notice that Arnstotle assimlates chemical change of all
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METEOROLOGICA, IV,

"The effect of hleat 1s coneoetion, snd there are three Cencocton,
speaies of concoction, ripening, boling and roasting . Fes sy
the effect of cold is inconcoction, whosc species are their
rawness, scalding and scorchimg. Fomust, however,be oo
understood that these terms do not properly deseribe
the subject-matier under discussion, nor cover all
the phenomena which should be classed together as
similar . the terms just mentioned must therefore
be mterpreted o cover all phenomens which should
be classed with them and not only those covered by
their normal meaning.®

Let us deal with them in order,

Concoction is maturity, produced from the opposite, Goneostion.
passive characterstics by a thing’s own natural heat,
these passive characterstics being the matter proper
to the particular thing. For when a thing has been
concocted it has become fully matwre And the
maturing process 15 mnitiated by the thing's own heat,
even though external aids may contmbute to1t . as,
for instance, baths and the Bke may aid digestion,
but it 15 initiated by the body’s own heat. In some
cases the end of the process is a thing’s nature, in
the sense of its forme and essence. In others the end
of concoction is the realization of some latent form,
as when moisture takes on a certan quality and
quantity when cooked or boiled or rotted ® or other-
wise heated ; for then i is useful for something and
we say it has been concocted. Examples are must,
the pus that gathers in bals, and teers when they
become rheygm ; and so on.
kinds {for this is, in our terms, whet he & trying te explain}
to the two easily observable processes of cooking food and
ripemng fruit: ¢ 380 a 16, 861 & 19, b 8 below.

* The sense given by Thurots aliernative readng,

** nipened,” 15 better.
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CHAPTER 111
ARGUMENT

The species of coneoction and nconcoction. Rripeming
(380 a 11-27), rawness {380 a 27-% 11}, boling (380 b 12—

sspa11 Ilémavors & doviv wéfns 75t o) yap Tis év Tols
wepeapTiors Tpodfs wéfas wémavors AMdwerar.  émel
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METEORQLOGICA, W. n-m

Concoction, in fact, is what happens to everything
when 1fs constituent mowsture is mastered ; for this
is the material that 18 determined by a thing’s natural
heat, and as long as the determining proportion holds
a thing’s nature 1s maintained. So urine and exereta
and the ‘waste products of the body in genersl are a
sign of health, and we say they have been concocted
because they show that its own inherent heat has
mastered the indeterminate matter. Things con-
cocted ave necessanly denser and hotter, for the effect
of heat iz to make things compacter, denser and
drier,

8o much for concoction. Inconcoction is 2 failure Ineoneoe
to reach maturity owing to a defixency 1o natural %
heat, and lack of hest 15 of course cold.  This imma-
turity 15 one of the opposite passive quahties which
are the natural matter of all things,

This completes our deseription of concoction and
inconcoetion.

CHAPTER II
ARGUMENT (continwed)

381 a 12), scalding (381 a 12-23), roasting (381 & 23-b 1%)
and 1tz opposite (381 1 13-20).

Rypening is a sort of concoction.  For the concoction Ripming,
of the nourithing element in fruit is eslied ripening,
and sinee concoction is maturity, the process of ripen-
ing is complete when the seeds in the fruit are capahle
of producing another frmt of the same kind . for this
is what we mean by mature in other cases also. This,
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METEOROCLOGICA, IV. 1

then, is what ripening is m the case of fruit, but many
other things that have been concocted are said
to be ripe ; the process 1s specifically the same but
the term used metaphorically, since, as we remarked
earlier, there are no specific names for each type of
matunty that oceurs when matter is determined by
natural heat and cold. In the case of boils and phlegm
and the like ripening s the concoetion of the moisture
in them by thew natural heat, for that which does
not master matenal cannot determine i, So when
things are ripened, if the material 18 of an mwy nature,
the produet 15 watery ; if the material is watery, the
product is earthy, and generally what 15 rare becomes
denser. In this process nature assimilates some of
the material to itself, and some it rejects
Se much for mnpening Rawness & is opposite, Rawos

which means that 1t 15 an inconcoction of the nourish-
ing element in fruit, that is te say, of the undeter-
mined moisture. So rawness is erther of an airy or
watery nature or & mixture of both : and as ripening
is matunty, rawness will be immatwity. Immaturit
resulis from a deficiency of natural heat and its lac
of proportion to the molsture that 1s being npened.
{Nothing moist ripens of 1tself without the admixtare
of something dry: for water is the only Equid that
does not thicken.®) This disproportior ocears either
because the amount of heat is small or else hecsuse
the amount of material bemng determmed is large ¢
hence the juice of raw things is thin, cold rather than
hot, and w¥it for food or drink. Rawness too, kke
ripeness, has many senses. Thus urine and excreta
and catarrhs are all called raw, the reason for the

out of place here. For what Anstotle says about water ¢f.
888 g 12 and note.
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el g’t dupdrer 1) évrds, eldker dv els davryp.

%5 "Rorw & o wav oG &pyrév- oﬂ're yc‘r.p & ¢
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Sypbrara mafnruciy Smo 1hs & 74 dyvpd mupdosws,
Myerar 8¢ rai ypvods Sfeclon xal fodov xal dAde

* 880 a 28.
* {.e. the water in which the thing 18 boed.
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term being apl]zlied to them being the same in each
case, namely, that the material has not been mastered
by the heat or acqurred consistency. And if we go
farther, brick and milk and many other things slso are
called raw if they have remained unaffected by heat,
though they normally change and aequire consistency
when subjected to1t. Thatis why we spesk of water
being boled, but not raw, becanse 1t does not thicken.,

This completes our description of ripening and
rawness and of their several causes.

Boiling, as & general term, is concoction by moist Boitng.
heat of the undetermined material present in the
moisture of a thing, but the term is properly appli-
cable only to things cooked by boiling. This materal,
as we have sajd,® is either of an airy or watery natwe
The concoction anses from the fire in the moisture.?
Por what is cooked in 2 pan is rossted, being acted
upon by the external heat, and in turn acting upon
the moisture which contains it, by dryng it wp and
absorbing #t into itself : what is botled, on the othex
hand, produces the opposite effect, its moisture being
drawn out of it by the heat of the mostore surround-
ingit. This s why boiled food is drier than roast : for
things beiled do not draw moisture 1to therselves,
because the exterpal heat is stronger than their own
internal heat-—if their internal heat were the stronger
they would draw it in.

Not every body can be boiled. Bodies which con-
tain no moisture, like siones, cannot, nor can bodies
which contein moisture but which are too solid for
it %o be mastered, like wood. Bodies which can are
those which contain moisture which iz subjeet to
action by the heat in moisture outside them. Of
course, gold and wood and many cther things are
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commonly saxd to be boiled, but it is not the same
kind of process, and is only so called metapheoncally
a¢ there ave no separate words to mark the difference,
We also speak of higmds like mik and must being
boiled, when the flavour of the liquid undergoes some
form of change when heated by the fire surrounding
it externally, which thus has an effect on it somewhst
sumilar to boiling as we have defined it. (The end
for which things are boiled or concocted iz not the
same in all cases; in some it is for eating, in others for
drinking, in others, again, for some other purpose, as,
for instance, we speak of drugs being boiled.} ¢ Every-
thing, then, can be boiled which can become denser
and smaller and heawier, or of which psrt can so
behave while the remainder behaves in the opposite
way, in which case the parts divide, and part thickens,
part grows thimmer, as milk divides into whey and
enrds. Olive ofl, because it cannot be affected in any
of these ways, will not boil by itself. This, then, is
what & called concoction by boiling: and it makes
no difference whether it takes place in an artificial
or a natural vessel, for the eanse is the same in ali
oases,

Sealding * is the speeies of inconcoetron opposite Sealding.
to boikng : and the opposite to botding, and so the
primary sense of scalding, will be an inconcoction of
the undetermined matter due o 2 lack of heat in
the swrrounding liquid. (¥t bas already been stated
that lack of heat means presence of cold.} This is
caused by anpther kind of motion, which takes place
when the concocting heat is driven out, the lack of
heat being due to the amount of cold efther m the
surrounding ligwd or ia the thing to be boiled: for

‘R0 e 10,
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¢ So we speak of burndn, porridge, which we bedl,

¥ Anstotle’s habit of explaming natural processes i terms
of artificial comes out very clearly in this passege ; of. ch, 3,
note o on p. 298, and 879 b 14, 880 & 16, 361 a 10,
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1n these crcumistances the heat in the hquid is too
great to cause no change at all but too small to produce
miform concoction S0 things sealded are harder
than things bolled and the moisture in them more
diserete.

This compiletes our account of boiling and scalding,
their nature and causes,

Boasting is concoction by extmnsic dry heat. So, Reasting.
even if you cause 2 thing to change and be concocted
by botling it, yet if the change is due to the heat of
the fire and not to the heat in the liguid, when the pro-
cess 15 complete the thing iz roasted and not botled,
while 1f it is overdone we say it 18 burnt ¢ . but the
cansic 1¢ dry heat if at the end the thing 1s dner Tius
is why the outside is drier than the made of things
that have been roasted, while the opposite 15 true of
things that have been bolled And when done arti-
fictally, roasting is more difficult than bollmg. as it
15 difficult to heat both outside and inside eveniy;
for the garts nearer the fire dry faster and so more
thoroughly. When, therefore, the outer pores con-
tract, the moisture contained in the thing csnnot
escape, but 13 trapped inside when the pores shut.
Roasting and boiling are of course arhificial processes,
but, as we have said, in nature too there are processes
sgemﬁcaﬂy the same ; for the phenomena are similar
though we have no terms for them For human
operations imitate natursl® So the digeshon® of
food in the hody is similar to beiling, for it takes

¢ I have trdnslated «éfhs by the narrower term * diges-
ton v here, rather than the wider term * consoctlon * used
to translate it elsewhere, as Arwstotle 13 m fact talkmg of
digestion,. But the fact thet he uses the same word for both
shows that he thunks that digestion is to be sxplained us 2

form of cooking.
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% The reference 15 uncertain,

CHAPTER 1V
ARGUMENT

The posswwe factors, mowst and dry (Le. . practice water
and earik asthe elewments i whih these qualities predomanate),
are necessary constituents of all physieal bodfes, whose cher.
acterstics very nocording to the predovunance of one or the

sspey  Tov 8¢ wobnrikdv, Tob dypol xal To0 Enpod,
Aereréor T4 6o,
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place under the influence of the heat of the body in
a hot and moist medam.  And some forms of}r in-
digestion are like scaldng. And il 18 not true that
worms are generated in the process of digeshion as
some say; they are generated in the excrement
which decays mn the lower belly, and subsequently
make their way upwards. For digestion takes place
in the upper belly and the excrement decays in the
lower. The reason for this we have explaned else-
where.*

Now scalding 18 the opposite to beiling, and there The
js & process szm&larlf opposed to the form of con- FhKe @
coction we have called voasting, but it is lews eas
to find & term for 1t. Tt s the sort of thing you \\q%;
find happening when a thing gets scorched and not
properly roasted, as a result of lack of heat caunsed
either through a deficiency of the external fire or an
undue amount of water 1o the thing to be rossted :
for then the amount of heat is too great to give nse
tc no change but too small o coneocl properly,

So much for conecoction and incencoction, for ripe-
ness and rawness, and for boilmg and roasting and
their opposites,

CHAPTER IV
ARGUMENT (continued)

other (381 b 23382 a 8). 8¢ hordness and softness are the
primary qualities, cnythiny whose surfuce does nol yield being
?umz), anythirg whose surface does yield bewng 20/t (382 a
8213,

Wz must now deseribe the forras taken by the passive

factors, moist and dry.
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o (f. De Gen. st Corr, ii. 2, 328 b 80-32 and Joschum,
ad loo. b IMels 831 B 34,

¢ De Gen. ef Corr. n 3, 331 g 3-6, says that air 1 character-
wiically most {dypdr}, water charactersheally cold: yot
De Fen, ot Corr, 1.8, 334 h 34, 1mphes that water 15 characfer-
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METROROLOGICA, IV, 1v

The passive elements of physical bodies are moist
and dry and all bodies sre compounds of them, the
nature of the body varymg according as to which
predomunates, dry doing so in some eases, moist in
others. And all will exist erther actually or in the
opposite-sense, potentially : this, for example, is
the relationship borue by the process of melting to the
capacity for being melted. The moist 15 unresistant,
the dry resistant,® and their mutual relationship 15
therefore something ke that of a dith and its season-
ing : for the moist causes the dry to take shape, and
each serves as a kind of ghie to the other. as Bm-
pedocles says, in his poem On Naiwre, © gluing meal
together with water "% So the body formed 15 a
compound of both. And of the four elements carth
1 regarded as having the most speeific characteristics
of dry, water of moist.® It is for this reason that all
definite p}?mcfﬁ bodies in our world require earth
and water for their composition {and each body mani-
fests the properties of the one which predominates
in it}), and that animals exist only on land and in water,
which are the maiter from wluch their bodies are
compounded, but uot in air or fire. Of the gualities
of body hardness or softness are those which must
primanily belong to & determinate thing, for anything
compounded of moist and dry must be erther hard
or goft. Hard is anything whose sisface does not
1y;ielci inwards, soft is anything whose surface yields

at not by displacement ; for water is not soft, and
its surface does not yield downwards to pressure, bt
wstically mcai;t, and this is cerdainly fthe doctrine of the
Metearologicn as & whole, Perhaps too much stress should
aot be laxd on what Aristotle says m De Gen of Corr 381 s

3-6 when he 19 speaking from & particular pont of view. of.
Joachim, ad loc., and aﬁ)ove, Iniroduction, pp. xheax.
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¢ (If. Bock L. ch. 12, note b on p 82,
¥ f. Do Anime n. 31, 4383 b 27 £,

CHAPTER V
ARGUMENT

Any relfcontained body neuwt be hard or soft : whaferer
8 hard or woft 18 a solid, so we musl discuss sohdification.
Thie glea we shall find to be due fo the twe active properties,

had
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is merely displuced.® Things wluch possess thess
characterishics without gqualification are hard and soft
absolutely 3 tlungs which possess them m refation to
something else are hard and soft relatively Degrees
of hardness and softness ave indefinable with relation
to each dther ; but since we judge all sensible quak-
ties by sensation, it is clear that both hard end soft
are defined absolutely with reference to touch, which
we use a3 a mean saying that what exceeds 1t 15 hard
and what falls short of 1t is soft ?

CHAPTER V
ARGUMENT {coniunued)

heat gnd eodd {882 & 22-h 1), Dreang 1w o form of sohidifica-
tron, and s due to heat or cold (382 b 1-27)

A popy defined by its own limit must be either hayd sshdion-
or soft, for # either yields or does not. Turther, it U
must be solid ; for this gives it s defimte limits, Se,

since every defimie and formed body is either soft

or hard, and softness and hardness aie the result of
solidification, no composite and definite thing can

exist without solidification. We rnust therefore dis-

cuss sohdification,

Now there are two causes bemdes makter, the
efficient and the gualitative, the efficient being the
source of movement or change, the qualitative being
the formal element. This will apply to sclidification
and dispersal and to drying and mostening. The
efficient cause acts through two properties and the
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thing acted on is affected in virfue of two properties
as has been explamned®- the two properties by
which action takes place are heat and cold. and the
gualitative effect is produced exther by the sbsence
or presence of heat and cold,

Since sohdification is a foxm of drying, let us deal Drymg.
with drying first. The thing acted on 1s either moist
or dry or a mixture of both. Water we regard as
a largely moist substance, earth as largely dry : for
among substances that can be moist or dry these are
passive. And so cold is more on the ade of the
passive qualities, since it is contained in water and
earth, both of which we assume to be cold. But cold
is an aective property erther becaunse 1t disrupts or
incidentally, as explamed before ?; for sometimes
cold is said both to burn and heat, not in the way that
beat dees, but by cencenirating and compressing
heat ¢ Water and all kinds of watery Lquids are
affected by drying, ss well as all things containing
water either extranecous or natural (by extraneous
1 mean like the water in wool, by natural Lke the
water in milk), The watery hquids are, for example,
wine, urne, whey, and generally those which have
either no sediment or very bttle, and yet ave not
viseous ; for some liquids have little sediment because
they are viscous, like ofive oil and piteh. Things are
dried either by being heated or by being cooled, heat
internal or external being the active cause in either
case, For even things which are dried by cooling,
Hke wet clothes, and in which the water has 2 separate
existence, are dried by their internal heat which,
when driven out by the surrounding cold, evaporates
the moisture if the amount of it is small.

* Of. Book I.ch. 12, nota b on p 82,
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CHAFTER VI
ARGUMENT

Laguefuction and sohdyfication, Xdguefaction ¢ the resuli
either of condensation ar of meltang « solids are formed mther
(1) from watery fgurds or (2} from water and earih by the
actron of heat or of cold ; they are hgusfied again by the action
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& Aristotle does not distinguwish in ths or the next chapter
hetween solution (Meofu} and melfing (rfs) : they are
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exception 15 383 b 7, 12, when & distinction is assumed (see
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METEQROLOGICA, IV, v~wn1

ing, then, as we have said, 15 slways due o
heat or cold, heat internal or external always being
the active cause and evaporating the moisture. By
externel heat I mean, for example, what happens in
boiling, by internal what happens when the moisture
is removed and consumed by the action of the thing’s
own heat as 1t leaves it.

So much for drying.

CHAPTER VI
ARQGUMENT (conftnued)

of the opposite of these two properiies to that which coused
solidifiention (382 b 28383 a 6), (1) Watery hgmds (383
5 8-18).  {2) Compounds of earth and water, (s} wm whek
earth predoimnates (383 a 13-b 1Y),

Tagusracrion takes two forms : the one is condensa~ Ligusfae
tion into waler, the other the melting of a solid. Of ignsnd
these, condensation takes place when air is cooled, on dee
while melting will be explamed at the same time gia tor
as solidification. Fverything that sohdifies is (3) a
watery liquid or (2) a compound of water and earth,
and the cause is eith