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Ancient Greek mythology has been inspiring —
even in modern times

Athenian red-figure
stamnos 6% BC, British
Museum.

The myth of Hercules
fighting Acheloos, a deity
personifying the most
important river of Greece,
symbolizes the fight of men
against the destructive
power of rivers.

Hercules fighting Hercules fighting

Acheloos transformed Acheloos; wall painting in
into a snake in the Louvre; the Athens City Hall by
Francois Joseph Bosio, Fotis Kontoglou, writer,
(1824) (wikipedia). painter and hagiographer

of the 20t century.
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Modern mythology about past knowledge can

aISO be lnSplrlng Introducing Introducing
An inspiring extract from Price (1989): groundwater grnundwaler |
“Today, our version of the hydrological cycle === e l :

seems so logical and obvious that it is

difficult to believe that it did not gain

widespread acceptance until the 17"

century. This was caused in large part by the g s
tendency of the philosophers of Ancient
Greece to distrust observations and by the tendency of later
philosophers to accept the opinions of the Greeks almost without
question. Plato advocated the search for truth by reasoning. He and
his followers appear to have attached little importance to
observations and measurements. Thus Aristotle, Plato's most famous
pupil, was reportedly able to teach that men have more teeth than
women, when simple observation would have dispelled this idea.
From a hydrological viewpoint, however, he had a more serious
misconception - he believed that rainfall alone was inadequate to
sustain the flow of rivers.”
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Tracing back the succession of inspirations
regarding Aristotle and women'’s teeth

“Observation versus Authority: To modern
educated people, it seems obvious that matters [ = & 00
of fact are to be ascertained by observation, RUSSELL
not by consulting ancient authorities. But this
Is an entirely modern conception, which hardly
existed before the seventeenth century.
Aristotle maintained that women have
fewer teeth than men; although he was
twice married, it never occurred to him to
verify this statement by examining his
wives' mouths” (Russell, 1952).
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The original text by Aristotle

«"Exovot 6¢ mAeiovg ol &ppeveg T@V ONAeLdV 660vTac
Kal €v avBpwolc kal £l mpofatwv Kal alydv kal VOV
ETL 6 TOV AAAWV 0V TEOcwpnTal nw. [...] Pvovtal
&' ol TeAevtalol Toic avBpwmolg youplot, ou¢ kaAolol
KpavTipag, Tepl Ta eixootv £€Tn kal avépdot Kal
yuovaiéiv. "Hon 6€ tiot yvvaiél kal 0y6onKovta TV
ovoaig Epuoav YOuUPLoL v Tol¢ Eoxatolq [...]»

(Twv mepl Ta (wa lotoplwyv, B). * \*ﬁ* *‘" 3 " >3 k
“Males have more teeth than females in inplele [HS=ge P )
the case of men, sheep, goats, and swine; e itialis il

in the case of other animals observations “kreda

have not yet been made |...] The last teeth to come in man are
molars called 'wisdom-teeth', which come at the age of about
twenty years, in the case of both men and women. Cases have
been known in women of eighty years old where at the very close
of life the wisdom-teeth have come up |...]"

(History of Animals/Book II).
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Some epistemological questions

s What do we mean by observation? Does information from
school teachers, professors, books, TV, internet, climate
projections for the year 3000 AD, etc., classify as observation?

m [s the number of teeth:
o A constant for all individuals? (and irrespective of sex?)
o Varying among individuals
o Varying among individuals and also varying in time for
each individual? (like in a stochastic process?)

= How did Russell know whether or not Aristotle examined his
two wives’ teeth?

= And did Russell’s himself examine his own four wives’ teeth?
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What do modern statistical data say?

Table 46. Mean number of permanent teeth among dentate adults 20-64 years of age, by selected characteristics: United States, National

Health and Nutrition Examination Survey, 1988-1994 and 1999-2004

1988-1994 1999-2004
Standard Standard
Characteristic Mean error Mean error
Age
Q0-BANEAIS: : vivvs 5 5 vovnwd 5 © ST B @ PRSI B 5 LATRG 8 B EYEEaE b 26.44 0.07 26.90 0.05
B5-49 Years. . . . . . e 24.14 0.16 25.05 0.11
BO—04 VOEIB: o v & vamams % & SGBEG § ® SWREE § W ARG B W SEG 20.39 0.22 22.30 0.22
Sex
Male .o i o i G veaG s o vama ® 5 W% 5 5 Vinwk § ¢ i s 24.10 0.1 25.06 0.13
FOMEIO L & © s & & srdsns © & VNG ¥ W CUING @ @ SN @ N stee @ 23.86 0.14 24.90 0.08
Race and ethnicity
White; non-HISpanic: & vwuis & 5 waieis % § W & ¥ QEWE & § S b 24.28 0.14 25.23 0.13
Black, non-Hispanic. . . . . . ... ... ... 22.08 0.14 23.68 0.13
Mexican AMBKCAaN: « & «iais & & wialiie s & s & & W%iE & ¥ aiEs 24.81 0.09 25.32 0.08

Official USA statistical data; Dye et al. (2007)
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A first and second reason for the difference

(1) The number of teeth decreases with increasing age and women’s life

expectancy is longer by several years than men'’s.
(2) Women'’s teeth seem to be more fragile than men’s.

Official USA statistical data:
Harvey (1981).

Average number of decayed
(D), missing (M), and filled
(F) permanent teeth per
person, among adults 35-74
years of age, by sex and age:
United States, 1960-62 and
1971-74.

DMF teeth
Sex and age
1960-62 1971-74
Both sexes, 35-74years . . .. ... ... 19.1 20.2
Men
35-24VYears . - . v i e 18.5 19.5
3544 vyears . ... i 17.2 18.4
45-54 Years . . v . v 18.0 19.2
B5-64vyears . ... ..o n v rnneann 20.4 20.7
B5-74vyears . . ...t i it 22.3 21.8
Women
35-74vyears . .. .. e e 19.7 20.8
3544vyears . . . ... i 18.8 20.0
45-54years . .. .. i nn e i 19.6 20.5
B5-64vyears . - - .- 219 21.5
B5-74vears . . . .- v i s 22.8 225
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A third and fourth reason for the difference

(3) “Sex Disparities. Table 2 represents the distribution and
prevalence of third molar agenesis [congenital lack of one or
more teeth] according to sex. Frequency of third molar agenesis
was higher in females than males” (Sujon et al., 2016).

o ®
@ ’ PLOS ‘ ONE Third Molar Agenesis and Dental Anomalies
Table 2. The frequency of agenesis according to sex.
Sex n Agenesis Prevalence X2 p value
Male 2136 785 36.8% 5.02 .025*%
Female 2092 839 40.1%

* p value <0.05 is significant

Ani-1N 1371/innirna I nnna N1AR2N7N tN?2

(4)“Hyperdontia [increase in number of teeth in relation to the
normal dental formula] is more common in males, and the degree
of sex difference is greater in blacks” and “The number of extra
teeth per person ranged from 1 to 8" (Harris and Clark, 2008).
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Modern mythology about past knowledge (contd.)

Another inspiring extract from Price (1989):

“The first person to make a forthright and unequivocal statement that IIIlI'lllIllI:IIIg
groundwater
TR

rivers and springs originate entirely from rainfall appears to have
been a Frenchman called Bernard Palissy, who put forward this
proposition in 1580. Despite this, in the early 17% century many
workers were still in essence following the Greeks in believing that
sea water was drawn into vast caverns in the interior of the
Earth, and raised up to the level of the mountains by fanciful
processes usually involving evaporation and condensation. The water
was then released through crevices in the rocks to flow into the rivers
and so back to the sea.”

A similar extract from Todd & Mays (2005)

“As late as the seventeenth century it was generally assumed that
water emerging from springs could not be derived from rainfall, RIS
for it was believed that the quantity was inadequate and the earth Rkl
too impervious to permit penetration of rainwater far below the
surface. Thus, early Greek philosophers such as Homer, Thales, and
Plato hypothesized that springs were formed by seawater conducted
through subterranean channels below the mountains, then purified &
and raised to the surface. Aristotle suggested that air enters cold dark (e
caverns under the mountains where it condenses into water and St
contributes to springs.”

~

*S\
o

Michael Price >
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Finding the culprit: Plato

[Zwkpdne:] «[...] TodTo [t0 Xdopa] Smep “Ounpog ine, Aéywv adtd
“TAAE udA’, fyxt B&OLoTov Vo yBovdg éoti fépeBpov b kal dAAoBI kai
EKEVOC Kal dAAoL ToAAol T@V TonTdV TAPTAPOV KEKANKAOLV. €[ Yap
TOUTO TO YAOUQ OVPPEOVOI TE TAVTES Ol TOTAUOL KAl €K TOUTOV TTAALY
Ekpéovoltv: yiyvovtat 6¢ Ekaotol Tololtol 6L olag av kal Tii¢ yi¢ pEwaTtv.
[...] Stav T 00V Umoywprion 16 Udwp &ic TOV TémOV TOV 1) KdTw
KaAovUuevov, Toic kat’ Ekelva Ta pevuata dLa th¢ yii¢ elopel Te kal
TAnpol aUTa domep oi émavtAoivreg: Stav Te ab éxeiBev uév dmolimny, Kiw Ty Sy !
Sedipo 8¢ opurion, Ta évOdde mAnpol adBig» (Paidwv, 14.112a). W9 ¢: j'

Q“m y
ST 3C)

[Socrates:] “[...] One of the chasms of the earth is greater
than the rest, and is bored right through the whole earth; this [chasm] is
the one which Homer means when he says ‘Far off, the lowest abyss
beneath the earth’ and which elsewhere he and many other poets have
called Tartarus. For all the rivers flow together into this chasm and flow
out of it again, and they have each the nature of the earth through which
they flow. [...] And when the water retires to the region which we call the
lower, it flows into the rivers there and fills them up, as if it were pumped
into them; and when it leaves that region and comes back to this side, it fills
the rivers here” (Phaedo, 14.112a).

D. Koutsoyiannis & N. Mamassis, From mythology to science 11



[s this extract from Phaedo what the Greek
philosophers said about the hydrological cycle?

While the view expressed in Phaedo was adopted by many thinkers and
scientists from Seneca (ca. 4 BC-65 AD) to Descartes (1596-1650), itis a
just a poetic metaphor, as indicated by the reference to Homer. It has a
symbolic meaning as the philosophical subject of the dialogue Phaedo is the
immortality of the soul. It is not representative of Greek philosophers’
views on Nature, not even Plato’s. In other dialogs Plato offers more
consistent theories:

«TO KatT’ EVIavTov Uéwp ekapmoit’ éx A1dg, oUy w¢ vV amoAdToa pgov amo YAfi¢ THC yi¢ ei¢
Odalattav, aAda moAAny Eyovoa kal (¢ av TNV kKatadeyouévn, tij kepauidt oteyovon yi
SLaTAULEVOUEVT), TO KATATTOOEY EK TOV UPNAGDY USwpP £I(¢ TA KOIAX XPLEIOCX KATA TTAVTAC
TOUC TOTTOUC TTAPEIXETO adpBova Kpnvev Kal ToTtau®v vauata» (IIAdtwv, Kpitiag, 1116).
“Moreover, it was enriched by the yearly rains from Zeus, which were not lost
to it, as now, by flowing from the bare land into the sea; but the soil it had was
deep, and therein it received the water, storing it up in the retentive loamy
soil and by drawing off into the hollows from the heights the water that was
there absorbed, it provided all the various districts with abundant
supplies of springwaters and rivers” (Plato, Critias, 111d).
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Hydrology at the birth of science

Thales of Miletus, one of the Seven

Sages of Greece, is regarded as the father of
natural philosophy and science. In addition to his
scientific achievements on geometry and
astronomy, he dealt with the paradox of the Nile
(see below) thus highlighting the importance of
hydrology in the birth of science.

His successor Anaximander is the first to dear write

mythological and religious views. He understood
the relationship or rainfall and evaporation:
«UeTOUC 6¢ [ylyveoBal] €k Tij¢ atuidog Tiic €k yij¢c VY’ 1jALoV
avadidougvne» (ImmoAvtog, Prroco@oVueva | Kata [Tacdv
Aipgoewv "EAeyxog, I, 5).

“Rain is created from the vapours which rise from
earth by the sun” (Hippolytus of Rome, Refutation of
All Heresies, I, 5;
https://books.google.gr/books?id=9HCOCwWAAQBA]J).
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Atmospheric phenomena and Anax1menes

Anaximenes was another philosopher from Miletus,
who proclaimed Air as the “Arche” (origin) of the
universe; naturally, thus, he devised logical
explanations for the formation of wind, clouds,
rain and hail:

«[...] @véuoug 8¢ yevvaoOal, otav €k <uépovg> MEMVKVWUEVOS O |
anp kal apBeic pépntar ovveABovta 8¢ kal ml TAgloV
TayvvOEvTa vépn yevvaoOal kal oUTw  €ic Uowp UETaAPBAAAELY.
xaialav 6¢ yiveoOai, 6Tav amo T@v vepV 10 Udwp
Karacpspé,uevov nayﬁ : )(Léva &€, OTav avta talita évvypérspa ovta
nn&v AaPn. dotpannv & Otav ta veqor] &wrnrat Blat mvevuatwv:
[...]: (pwv 8¢ yevvadoBat TV n)twaca)v aUy®V €l¢ AEPA CVVEOTDTA nmrovowv»
(ItméAvtog, PlAoco@ovpeva 1) Kata [Tacdv Aipeoewv "EAeyxog, |, 6)

“[...] the winds arise when the air becomes partially condensed and is lifted up;
and when it comes together and more condensed, clouds are generated, and
thus a change is made into water. And hail is produced when the water
precipitating from the clouds freezes; and snow is generated when these clouds,
being more moist, acquire congelation; and lightning is caused when the clouds
are parted by force of the winds; [...]. And a rainbow is produced from solar rays
falling on condensed air” (Hippolytus, Refutation of All Heresies, I, 6).
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The entire hydrological cycle and Xenophanes

Xenophanes, another Ionian philosopher, supported
his theory by the discovery of fossilized marine
organisms at three island locations. Hippolitus
attributes to him a theory of alternating periods

of flood and drought. Xenophanes expressed his
philosophy in poetic form (hexameters, elegies,
iambics), as in the following fragment:

«mnyn 8 éotl OdAaoo’ Uéatog, mnyn & avéuolo:

OUTE yap €V VEQEDLY <yVoLTO K& I¢ avEuoLo ‘
€If/7TV£(LOV‘€O§> 80'(13981/”6(1’/81)’ T[O,VTOU ,U’:E')/Q’AOLO 3 %@W@L@h@@@g (57®- 75 @’_
oUTE poal ToTau®v oUT ai<B<poc> oufpiov Uéwp, ;

AAAG UEYAC TTOVTOG YEVETWP VEQEWY AVEUWY TE KAl TOTAUDV» |."mt@m@t Encyclopedia of
(Eevo@dvng év T Mepl pUosws ATdéomaocua B 30 ¥ Phileseplhy)
http://www.poesialatina.it/_ns/Greek/testi/Xenophanes/Fragmenta.html)

“The sea is the source of water and the source of wind;

for neither in the clouds <would there be nor any blasts of wind

blowing forth> from within, without the mighty sea,

nor river flows nor rain water from the sky.

The mighty sea is father of clouds and of winds and of rivers” (Fragment B 30,
recovered from Geneva Scholia on Homer; https://en.wikisource.org/wiki/Fragments_of Xenophanes)
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Anaxagoras bringing sc1ence to Athens

Anaxagoras of Clazomenae lived
and taught in Athens for ~30 years
and transplanted the ideas of Ionic
philosophers to Athenians, having
prominent students such as
Pericles, Euripides, Sophocles, and
Herodotus. He proposed a theory of
“everything-in-everything,” and

was the first to give a correct Angrrgoras (S10 = ¢. 428 IC)) m & coin of
explanation of eclipses. Klazomenae (™ 5‘19"33@ 'CD d on globe,

AZe ﬂll

While his scientific theories were

mostly related to astronomy, including the clalms that the sun is a mass of
red-hot metal and the moon is earthy, they also include hydrology:

«TOUG §€ MOTApOVS Kai A0 T@WV OuPpwv Aaufavey Ty vméotacty kai €€ V6dTwY THV €V
] YA elvat yap avtnv kolAnv kal Exetv Uéwp €v Tol¢ kotdwuaatvy (ImmoAvtog, PLhoco@ovpeva
N Kata [Taoc®v Alpéoewv "EAgyyog, 1, 7).

“The rivers receive their contents from the rains and from the waters in
the earth; for the earth is hollow and has water in its hollow portions”
(Hippolytus, Refutation of All Heresies, I, 7).
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Aristotle and the phase change of water

Aristotle was student of Plato, but his theories
were influenced by Ionic philosophers. His
theories expand to all aspects of knowledge; in
particular his treatise Meteorologica offers a great
contribution to the explanation of
hydrometeorogical phenomena:

«&tL 6’ 1 vmo tol nAlov avaywyn tod vypol ouola Tolg
Oepuarvousvorg éotiv Udaatv vmo mupogy (MetewpoAoyikd, B2)
“the sun causes the moisture to rise; this is Similar
to what happens when water is heated by fire”
(Meteorologica, I1.2, 355a 15)

«ovviotatal TdAw n atulc Yuyouévn Sia te TNV anoAeipv tod Ospuot kal TOV TOTOV, Kal
Yiyvetai UVéwp €€ aEpog yevouevov 8¢ maAv QEpeTal Tpog TNV Yiav. £0TL 6’ N uév €€ VdaTo¢
avaBuuliaoic atuic, n & €€ aépocg gic UOSwP VEPOC»

“the vapour that is cooled, for lack of heat in the area where it lies,
condenses and turns from air into water; and dfter the water has formed
in this way it falls down again to the earth; the exhalation of water is
vapour; air condensing into water is cloud” (ibid., 1.9, 346b 30).
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Aristotle and mass conservation

Aristotle recognized the principle of mass conservation within
the hydrological cycle:

«wote [TV BdAattav] ovdemote Enpaveital maAy yap Ekeivo @Onostal katafav (¢
TNV QUTNV TO TPOAVEAOOV».

“Thus, [the sea] will never dry up; for [the water] that has gone
up beforehand will return to it” (ibid., I1.3, 356b 26).

«KQAV Un Kat’' Eviautov amodid® kal kal’ ekaotnv opoiws xwpav, dAl’ €v Y€ Tiotv
TETAYUEVOLC XPOVOLS ATTOSIOWOL TTAV TO ANPOEY»,

“Even if the same amount does not come back every year or in a
given place, yet in a certain period all quantity that has been
abstracted is returned” (ibid., I11.2, 355a 26).
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Aristotle and Change

Aristotle penetrated into the concept of “change”. He was fully
aware that the landscape changes through the ages and that
rivers are formed and disappear in the course of time:

«dAAa unv eimep kal ol motauol ylyvovrat kai @Osipovral kal un aei ol avtol TOMOL THC
Yiic évudpol, kal THy Badattav avaykn HETALAAAELY OuolwG. TG 6 OAAATTNG T UEV
amoletmovong ta §’ émovonc asl avepov OTL TIIC TAoN¢ YIi¢ OUK ael Ta aUTA T UEV
oty OdAatta ta &’ Nmelpog, aAda petafdAlel T® xpovw mavran.

“‘But if rivers are formed and disappear and the same places were
not always covered by water, the sea must change
correspondingly. And if the sea is receding in one place and
advancing in another it is clear that the same parts of the whole

earth are not always either sea or land, but that all changes in
course of time” (ibid., .14, 353a 16).
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Aristotle and experimentation

Aristotle also understood by experiment that salt contained in water is not
evaporated:

«0TL &€ ylyvetal atullovoa moTiUoS kal ovk €i¢c Oddattay ovykpivetal to atuilov, 6tav
OUVIOTHTAL TAALY, TTEMELPAUEVOL AEYWUEVY

“Salt water when it turns into vapour becomes drinkable [freshwater] and the
vapour does not form salt water when it condenses again; this I know by
experiment” (ibid., I11.3, 358b).

This has certainly found technological application in desalination (removal
of salt from sea water), useful in a country with scarcity of fresh water and
many shores and islands. Thus, we learn from a commentary on Aristotle’s
Meteorologica II, written by Olympiodorus (the peripatetic philosopher, 495
- 570 AD), that:

“Sailors, when they labour under a scarcity of fresh water at sea, boil the sea-
water, and suspend large sponges from the mouth of a brazen vessel, to imbibe
what is evaporated, and in drawing this off from the sponges, they find it to be
sweet [fresh] water” (Morewood 1838; see also quotation by Alexander of
Aphrodisias, peripatetic philosopher, fl. 200 AD, in Forbes, 1970).
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Aristotle and the solution of the Nile paradox

Aristotle’s treatise «Ilepl 1) To0 Netdov avaBacews» [De inundacione Nili] is lost

However, a work by an anonymous author contained in Patriarch Photios’
(~810/820 -893) Bibliotheca, which was published in 1653, gives important
information about Aristotle’s decisive contribution in solving the Nile paradox.
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What was the
Nile paradox?

The first great problem
related to a natural
behaviour and put in
scientific terms was the
cause of the Nile floods. It
was debated for almost

three centuries (Burstein,
1976).

What puzzled Greek
thinkers was the different
hydrological regime
compared to other
Mediterranean rivers: the
Nile floods occur in
summer rather than
during winter.

300
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Problem statement by Herodotus

«ToD TOTAUOT &€ PUOLOC TEPL OUTE TL TV IpEWV 0UTE AAAOU 0USeVOC Tapalafelv EdvvaaOny.
mpoBuuoc 6¢ Ea tade map” avt®v muOéabal, 6 TL katépyetal uév 0 NetAo¢ mAnBUwWV Amo TPOTEWV
TV Hsptvéa)v apéauevoc Emi Ekatov r';,uépag, meAaoac 8¢ ég TOV c’rpt@uo‘v TOUTEWY TV ﬁ,uepéa)v
OT[[O'(U aﬂep)(erm ATOAE(TTWV TO pSSQpOV CUO'TE ﬁpa)(vg TOV XSL,U(A)VC( anavta Staterésl EwvV ,LlSX,OL
ov avng TPOTTEWV TV Heptvewv ToUTWV WV TépL ov&vog 0UOEVY 0l0¢ TE sysvo,unv napa)&aﬁsw
mapd T@V Alyvrtiwy, loTopéwv avTov¢ vTiva Suvauty éxet 0 Neldog Ta Eumaiy mepukéval
TOV AAAWVY TTOTAUDV: TADTH TE 61) T AeAeyuéva fouAduevog eidévat loTopeov kal 0 Tt alpag
amomveovoas UoUvog TOTaU®V Tavtwy ov mapExetar» (Hpododtov lotoplay, 2, 19).
“Concerning the nature of the river, I was not able to gain any information
either from the priests or from others. I was particularly anxious to learn from
them why the Nile, at the commencement of the summer solstice, begins to rise,
and continues to increase for a hundred days—and why, as soon as that
number is past, it forthwith retires and contracts its stream, continuing low
during the whole of the winter until the summer solstice comes round again.
On none of these points could I obtain any explanation from the inhabitants,
though I made every inquiry, wishing to know what was commonly reported—
they could neither tell me what special virtue the Nile has which makes it
S0 opposite in its nature to all other streams, nor why, unlike every other

river, it gives forth no breezes from its surface” (Herodotus, The Histories, 2,
19).
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First explanation described by Herodotus

«@Aa EAAfvwv pev tiveg émionuot BovAouevot yevéoBat copinv éleéav mepl To Udatog ToUTOU
TpLPaciag 060U¢: TOV TAC UEV SV0 TV 000V 006 déLd uvnobivat el un ooov onuijvar fovAduevog uotivovs.

“Some of the prominent Greeks, however, wishing to get a reputation for
wisdom, have offered explanations of the phenomena of the river, for which
they have accounted in three different ways. Two of these I do not think it
worth while to speak of, further than simply to mention what they are” (ibid. 2,
20).

«T@V 1) £Tépn uév Aéyet tovg étnoiag dvéuouvg eivat aitiovs mAnBiery Tov motaudv, kwAvovrag é¢ OdAacoay
Ekpéety TOv Neldov. moAAdki¢ 8¢ étnaiat uev olikwv Emvevoay, o 6¢ Netdog TwuTo épyaletal mpog 8¢, el étnaiat
alitioL foav, xpiv kai Tov¢ dAdovg ToTtauols, doot Tolol étnoinot dvtiotl péovaol, opolws mdoyew kal kata Ta
avta T Neldw, kal udidov €Tt To00UTw 60w EAdoooVeS €0vTes dobevéoTepa Ta pebuata mapéyovtal. elol 6¢
moAdoi uév év i Zvpin motauol moAdol 5¢ év Tij AiBon, ol 006V ToloiTo Tdoyovat oldv Tt kal & NeTAog.»

“One says that the Etesian [i.e. monsoon] winds cause the rise of the river
by preventing the Nile-water from running off into the sea. But in the first
place it has often happened, when the Etesian winds did not blow, that the Nile
has risen according to its usual wont; and further, if the Etesian winds
produced the effect, the other rivers which flow in a direction opposite to those
winds ought to present the same phenomena as the Nile, and the more so as
they are all smaller streams, and have a weaker current. But these rivers, of
which there are many both in Syria and Libya, are entirely unlike the Nile in
this respect” (ibid. 2, 20).

D. Koutsoyiannis & N. Mamassis, From mythology to science 24



Second explanation described by Herodotus

«1) 8 ETEPN AVETIOTNUOVESTEPN UEV EOTL TIG AEAEYUEVNS, A0Y W OE ElTETV OwUATIWTEPN:
N Aéyet amo tol Qxeavoil pEovta avtov Tadta unyavaocbai, tov 6 Qxeavov yiv mepi
ndoav pEeLy. [...] 0 8¢ mepl o Nxeavol Aééag £¢ apaves Tov utibov aveveikag ovk £xe
EAeyyov: oU yap tiva Eywye oida motauov Qkeavov é6vta, ‘Ounpov &€ 1) Tiva TV
TPOTEPOV YEVOUEVWY TIONTEWV SOKEW TO 0UVOUX EVPOVTA £C TTOIN LY E0eVElKaoOatL»
“The second opinion is even more unscientific than the one just
mentioned, and also, if I may so say, more marvellous. It is that
the Nile acts so strangely, because it flows from the ocean,
and that the ocean flows all round the earth. [...] As for the
writer who attributes the phenomenon to the ocean, his account
Is involved in such obscurity that it is impossible to disprove it by
argument. For my part I know of no river called Ocean, and 1
think that Homer, or one of the earlier poets, invented the name,

and introduced it into his poetry” (ibid. 2, 21&23).

D. Koutsoyiannis & N. Mamassis, From mythology to science 25



Third explanation described by Herodotus

«1) 6€ TPLTN TAOV 06DV TOAAOV ETielkeaTATn é0DO UAALOTa EPevaTal: AéyeL yap 61 ovS” avitn 0UdEY, pauévny Tov Neidov péstv amo
TNKOUEVNS XLOVOG: O¢ péet uév éx Aifonc Sia péowv AlBiémwv, ékdi80i 8¢ é¢ Alyvmtov. k@¢ wv Sita péol &v dmd y1évog, dmd TV
Oepuotatwy pewv ¢ Ta Yuxpodtepa ta moAd éoti; avépl ye AoyileoBat ToloUTwV mEPL 0lw TE £0VTL, WG 00E 0(KOG ATTO X1OVOS ULV
PEELY, TPATOV UEV KAl UEYIGTOV UAPTUPLOV Ol AVEUOL TTAPEXOVTAL TIVEOVTES ATIO TAV YWPEWV TOUTEWV Oepuol: SeVTEPOV 6€ OTL
dvouPpog 1) xawpn kal dxpbotailog Stateléel éolioa, émi 8¢ y16vI mecovon n@oa dvdykn éoti Voat év Tévte Nuépnoi, wors, &l
é)(to'wfs veto Qv tadta ta )(wp[a TplTa 6¢ ol c’fv@pwﬂm UTTO TOD Kali,uafog yé)tavsc £0vTeg. [kTIvol 6¢ Kal )(SAL(Sévsg o é’rsog E0VTES
0Uk amolelmovat, yépavot 6¢ <p£vyov0at OV Xsc,uwva TOV €V rn Z'Kveucn )(wpn ytvo,usvov <pou'a)ot eq )(et,uaamv ¢ rovg TOTOUG
rovrovg el Tolvuv éx1ovile kal 6oov WV TadTNV THY Ywpnv 8t’ ¢ Te péet kal €k Tij¢ dpxetat péwv o0 NetAog, v @v ToUTwV 008EV, we

1N Qvaykn EAEYXEL»

“The third explanation, which is very much more plausible than either of the others, is
positively the furthest from the truth; for there is really nothing in what it says, any more
than in the other theories. It is, that the inundation of the Nile is caused by the melting of
snows. Now, as the Nile flows out of Libya, through Ethiopia, into Egypt, how is it possible
that it can be formed of melted snow, running, as it does, from the hottest regions of the
world into cooler countries? Many are the proofs whereby any one capable of reasoning on
the subject may be convinced that it is most unlikely this should be the case. The first and
strongest argument is furnished by the winds, which always blow hot from these regions. The
second is that rain and frost are unknown there. Now whenever snow falls, it must of
necessity rain within five days, so that, if there were snow, there must be rain also in those
parts. Thirdly, it is certain that the natives of the country are black with the heat, that the
kites and the swallows remain there the whole year, and that the cranes, when they fly from
the rigors of a Scythian winter, flock thither to pass the cold season. If then, in the country
whence the Nile has its source, or in that through which it flows, there fell ever so little snow,
it is absolutely impossible that any of these circumstances could take place” (ibid. 2, 22).
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Herodotus’ own explanation

«&l O& OET HEUYAUEVOV YV UAS TAC TTPOKELUEVAC AUTOV TEPL
TOV apavéwv yvaunv amodééaobal, ppaow 61”0 TL Uot
doxeel mAnBUveoOat 0 NetAog ToD OEpeOC: TNV YELUEPLVIV
WPNV ATEAXVVOUEVOC O HALOC €K TTI¢ apyainc Steéodov Vo
TGOV YEWUWVWYV EpYeTal TS ABUng Ta dvw. wg HEV VUV €V
Edayiotw dnAdoal, m@v eipntat: TS yap @v dyxotdtw Te | ,
XWPNS 0UTOC 0 O£0¢ Kal KATA NVTIVA, TAUTNV 0iKO¢ Supijv &
VOATWV UAALOTA Kl TA EYyYwpla PpEVUATA papaivecOal
TGOV TOTAUDV.»

“Perhaps, after censuring all the opinions that have
been put forward on this obscure subject, one ought to
propose some theory of one's own. I will therefore
proceed to explain what I think to be the reason of the Nile's swelling in the
summer time. During the winter, the sun is driven out of his usual course by the
storms, and removes to the upper parts of Libya. This is the whole secret in the
fewest possible words; for it stands to reason that the country to which the
Sun-god approaches the nearest, and which he passes most directly over,
will be scantest of water, and that there the streams which feed the rivers
will shrink the most” (ibid. 2, 24).
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Who supported the three explanations
discussed by Herodotus?

Aetius, the 15t or 2"-century AD doxographer and Eclectic philosopher,
reveals the supporters of the three explanations.

Interestingly, the first explanation is attributed to Thales, which
highlights the strong link of hydrology with science (or natural philosophy),
at the dawn of the latter:

«Oalijc Tovg étnolag avéuoug oletal mvéovtag tij Alyvmtw avtimpoowmovs émaipelv tol Neldov
TOV OYKOV 8La TO TAS EKPoas avTol Tfj TapoldoeL TOU avTImapPiKOVTOoS TEAdYoUS avakdmTeobary
(Aétog 1V, 1, 1).

“Thales thinks that the Etesian winds (monsoons), blowing straight on to
Egypt, raise up the mass of the Nile’s water through cutting off the outflow by
the swelling of the sea coming against it” (Aetius 1V, 1, 1).

The second was supported by Euthymenes of Massalia (E0VBupuévng o
MaooaAiwtng; fl. early 6®century BC), a Greek explorer from Massilia
(Marseille), who explored the coast of West Africa.

The third seems to have been supported by Anaxagoras and in another
version by Democritus (460-370 BC).
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The solution of the paradox by Aristotle

«'0TL 0l éTNOLAL TVEOVOL KATA TOV KALPOV TOU akualotatov Oépovg St” altiav totaitnv. 0 HALOG UETEWPOTEPOS
Kal Ao TV UECULPLVDV TOTWV APKTIKWTEPOS YIVOUEVOS AVEL T VYPQA TA £V TAIC ApKTOLS Avoueva 6¢ TadTta
éaepoiitan, é€aepovueva 8¢ mvevuatolital, kal £k TOUTWV yivovtal ol ETotat dveuot [...]. 'Exel én tadta
EKPEPOUEVA TIPOOTIITITEL TOIG VPnAoTatols Opeot Tij¢c AiBlomiag, kal moAda kal aBpoa yivoueva amepyaletal
VETOUC" Kal €K TV VETAV TOVTWV 0 NeTAo¢ mAnuUUUpel Tol BEpouc, amo TV ueonuBpvédv kal Enpdv To0Twv
pPéwv. Kai To0To AploToTéANG EMpayuatetioato’ auTog yap ano Tij¢ PUoEws EPYyw KATEVONOEY, AéLwoag
méuPat AAEEavSpov Tov Makedova gi¢ Exeivovg ToU¢ TOTOUS Kal 0YeL TNV aitiav Tij¢ Tol Neidov
avénosws mapadafeiv. Ao enov wg TOOTO OVKETL TPOPANUG E0TIV' PO YaAp PAVEPGS OTL E§ VETDV
avéel. Kal <AVetat> 10 mapadoéov, <0t1> v toic énpotdrols témoi Tij¢ Aiblomiag, év oi¢ oUTe yeluwv olite
Uowp éotl, EvuPaivel Tod Bépovc mAcioTous veTovg yiveabar» (Avwvupog, Blog [Tubaydpov, oto PwTtiov,
MupiofifAov, Anon, https://el.wikisource.org/wiki/Maptupiat_(AploToTéANG).

“The Etesian winds [i.e.,, monsoons] blow during the peak of the summer for this
reason. The sun, at the zenith passing from south to north, disintegrates the moisture
from the arctics and once this moisture is disintegrated, it evaporates and gives rise to
monsoons [...]| When they reach the high mountains of Ethiopia and concentrate there,
they produce rains. These rains in full summer cause the flood of the Nile and make it
overflow, while it flows at the northern arid regions. This was analysed by Aristotle,
who, by the superiority of his mind, understood it. He demanded to send
Alexander of Macedonia to these regions, and to find, by sight, the cause of the
flooding of the Nile. That's why they say there is not a problem anymore. It
became apparent by sight that the flow is increased by these rains. And this solved the
paradox that in the driest Ethiopian [i.e. African] places where there is no winter nor
rain, it happens that in the summer strong rainfalls occur” (Anonymus, Life of

Pythagoras, in Photios, Bibliotheca, http://remacle.org/bloodwolf/erudits/photius/pythagore.htm)
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Verification of the story by other philosophers

«EpatocBévnc 8¢ o0kétL pnoiv <mpdfAnua sivar> oU8¢ {ntelv ypiivar mepl tii¢ avéfosws tod
Neidov, cap®d¢ Kal apikouévwy TIvav gi¢ tag tod Neldov mnyag kal Tovg oufpouvs Toug
YIYVOUEVOUC EWPAKOTWY, WOTE KpatuveaOatl tnv Aptototédovg amdédooiv» (IIpdkAog o Avklog,
ZxoAa, [TAdtwvog Tipawog, 22 E—I 121, 8 Diehl).

“Eratosthenes, however, says, it is no longer requisite to investigate the cause
of the increase of the Nile, once some have reached at the springs of the Nile
and saw the rains that occur there, so as to corroborate what is said by
Aristotle” (Proclus, Commentary on Plato’s Timaeus, 22 E—I 121, 8 Diehl)
«TH¢ yap AiBiomtiag vynloic mapa ta kad' nudac opeat SteCwoUEVNC VTTOSEXOUEVNS TE TAG VEQPEAXS
TPOC TAV ETNoiwv whovuévag, ékditdovat Tov Netdov. we kal <KaAAioOévng> o IlepimatnTikog £V
TOL TETAPTWL LLfAlwL TV EAAnvik@V (124 F 12) <pnotv eautov ovotpatevoacbat AAeEavépwt
T@L Maxedovi, kal yevouevov £mni tij¢ AiBlomiag evpelv Tov Netdov €€ anelpwv oufpwv kat' Ekelvhy
Yevouévwv> katapepouevovy (lwavvns Aavpévtiog 6 Avdog, De mensibus, 4, 107).

“For since Ethiopia is girdled by mountains higher than ours, as it receives the
clouds that are driven by the Etesian [winds], the Nile swells. As Callisthenes
the Peripatetic also says in the fourth book of his Hellenica that he campaigned
with Alexander the Macedonian, and when he was in Ethiopia he found that
the Nile is driven down by the endless rain-storms that take place in that

[area]” (John the Lydian, On the Months, 4, 107).
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What about Eratosthenes?

Eratosthenes, head of the Library at Alexandria, among other achievements, calculated the
Earth’s circumference by measuring, at the noon of the day of summer solstice, the shadow cast
by a gnomon at Alexandria and the distance between and Alexandria and Syene, where the
latter is situated exactly under the Tropic of Cancer.

Eratosthenes also calculated, in following the windings of the Nile, the distances between
several points on the Nile up to Meroe (Strabo, Geography, 17.1.2; Rawlins, 1982). Perhaps
because of this, he is often credited by several authors (regrettably including Koutsoyiannis,
2014) for solving the paradox of the Nile. However, in view of the information provided here
(Proclus, see previous slide), his achievement seems to be no more than a further verification of
Aristotle’s theory. He also seems to have been aware of the earlier expedition to the Nlle sources
for the purpose of provmg Arlstotle s theory (Burstein, 1976). e
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The Nile (non)paradox
in modern terms
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‘ Prominent scientists of the Hellenistic period
with relevance to geosciences and hydrol

Heliocentric model
for the solar system
1800 years before
Copernicus

Calculations on the
relative sizes of the
Sun, Earth and Moon

Aﬁ’@l}ﬂﬁ@@ﬂ@S
(287 - 212 BC)

Archimedes'
principle and
hydrostatics

Archimedes' screw
(still in use for

pumping)

Infinitesimals and a
first version of
integral calculus

QA = SO Hero of Alexandria

% \\ T ‘: \ . :: (24 *

B Wigharchu S/)# ! (. wilS@ BC

(1 90=1202B) or ~50 AD)

: *see Woodcroft (1851)

Introduction of the Use of the term
term KA{poa (pl. YSpavAikdv (hydraulic)
KAlpata = Climate(s), o6pyavov (for a musical
meaning the instrument)

inclination angle of the

incoming sunbeams Notion of discharge

and its measurement
Classification of Earth’s

climates Study of pressure;

Steam machines;
Pneumatics
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Back to Aristotle:
importance of seeking the truth

«@idoc UeV Xwkpdtng, aAda iAtatn n
aAnBOeia»

(Latin version: “Amicus Socrates, sed magis
amica veritas”)

“Socrates is dear (friend), but truth is
dearest” (Ammonius, Life of Aristotle)

«00&ete & av lowg PeATIOV lval kal O€lV Ml cwTnpla Ye T¢ aAnOeiag
Kal Ta oikela avalpelv, AAAwC TE Kal PIA0GOPOVUC OVTAC: AUPOTY YaAp
OVTOLY QIAoLY 0010V TTPOTIUAY TNV AANOsLav»

“Still perhaps it would appear desirable, and indeed it would seem to be
obligatory, especially for a philosopher, to sacrifice even one’s closest

personal ties in defense of the truth. Both are dear to us, yet it is our duty
to prefer the truth” (Aristotle, Nicomachean Ethics 1096a11).
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Other contributions by Aristotle:
logic, precision, change

Aoy1K1, CUAAOYLOUOG, ETAYWYN
Logic, deduction, induction

(Aristotle, Organon)

«...TOOOUTOV TAKPLPEC EMIINTETY KA’
EKQOTOV YEVOGC, £ 000V 1) TOD
TPAYUATOC QUOLC ETLOEYETAL

“... look for precision in each class of

things just so far as the nature of the
subject admits”

«Metafallel T®
XPOVQW TTAVTA»

“All is changing in the
course of time”

(Aristotle; Meteorologica,
(Aristotle, Nicomachean Ethics, 1094b) 1.14, 353a 16)
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Hydrology is the science of change and randomness;
Heraclitus described the nature of each in a few words

«llavta pel»
“Everything flows”

(Heraclitus; quoted in Plato’s
Cratylus, 339-340)

«AlV TTaic E0TIL TaAl{WV TECOEV WV
“Time is a child playing, throwing dice”
(Heraclitus; Fragment 52)

[Hereditus (S40=280BC)
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[t takes courage to formulate scientific theories
—now as well as then

«0 Yap TPATOG CAPECTATOV TE TAVTWY Kal OappaleTatov mepl 0EAVNG KATAVYACUGDY KAl OKLAS
Adyov ic ypapnv katabéusvoc Avaéaydpag o0t  a0TOG 1V TTAAKLOG 0UTE 0 A0Y0G €vE0E0G, AAA’
AmoppnToC ETLKAL 6L OAlywV Kal pet’ evAafelag TvoG 1) tiotews Badil{wv. oU yap nveiyovto tovg
(PUOLKOUGC KAl UETEWPOAETYAS TOTE KAAOUUEVOUG, WG ELC ALTIAC AADYOUC Kal SUVAUELS ATTPOVON TOUC
kal katnvaykaouéva mabn Siatpifovtag to Oeiov, dAa kai lpwTayopag Epuye, kal Avaéayopav
elpx0evTa noiis mepiemoujoato MepikAijc, kal ZwkpaTnG, ov6EV avT® TV Y€ TOLOUTWV
TPOOTKOV, GUWS ATTWAETO St pLiooco@iav» (IThovtdpyov Biot [TapdAiniot, Nikiag, 23).

“The first man to put in writing, most clearly and most courageously of all, the
explanation of the moon’s illumination and darkness, was Anaxagoras. But he
was no ancient authority, nor was his account in high repute. It was still under
seal of secrecy, and made its way slowly among a few only, who received it with a
certain caution rather than with confidence. For people did not tolerate the
natural philosophers and stargazers, as they were then called, because they
reduced the divine agency down to unreasoning causes, blind forces, and
necessary incidents. Even Protagoras was exiled, Anaxagoras was
imprisoned and with difficulty rescued by Pericles, and Socrates, though he
had nothing whatever to do with such matters, nevertheless lost his life

because Of phiIOSOphy" (Plutarch, Nicias, 23; cf. I. Velikovsky, Anaxagoras,
http://www.varchive.org/ce/orbit/anax.htm; note, Anaxagoras was charged of impiety, and he
was sentenced to death by the Athenian court. He avoided this penalty by leaving Athens, and he
spent his remaining years in exile).
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Concluding remarks

Scientific theories are mostly wrong. It is a matter of time for any
theory to be replaced by a better one.

Naturally, all theories developed in the dawn of science (2600 years ago)
have been replaced. This does not make them non-scientific.

It is a good practice to study the history of science, recognize the past
contributions and give credit to those who made them. (Notifications: (a)
consulting original texts is useful; (b) humour is different from arrogance).

This study -of the history of hydrology in particular- is useful as it reveals
the effectiveness of thought and logic, which were the basic tools of
ancient philosophers, in compiling a sensible world vision with some
admirable elements, even though other elements are inconsistent
according to modern knowledge.

As the information provided here shows, in addition to thought and logic,
experimentation, measurement, and observation were all used by
ancient philosophers, particularly by Aristotle.

As evident from our terminology (meteorology, climate, hydraulics),
modern science is not independent from the ancient one; advances of
the Greek antiquity have been particularly seminal for the modern science
after the Renaissance.
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Appendix: The appearance of the term hydrology

m  Several terms related to hydrology appear in ancient Greek literature. Specifically:

o The conveyance of water or liquids is termed védpaywyia (1), and a person (or device)
related to it Vépaywyac.

o The modern term vépavAikn (hydraulics) stems from vdpavAikov (hydraulic) épyavov, a
musical instrument operated by hydraulics and invented by Ctesibius; it is also known
as UdpavAis (1), which is played by a musician called U6pavAng.

o The actions of drawing, fetching or distributing water are termed vdpela, U6pevoic and
vépomapoyia; a person related to them is termed vépomdpoyo¢ and a guard or inspector
of aqueducts or irrigation works vépo@UAdé.

o The action or art of seeking or discovering water is termed vépookomia, Vépookomik] or
vépopavtiky (verb: Uépookoméw); a person related to it is V6pdoromog, VépoyvWUwWY or
vépopavtng and a related instrument is vépookdmiov.

o The term meteorology stems from uetewpoloyia, which in turn stems from puetéwpa
(meteors; note, in the ancient literature, in addition to hydrometeors, meteors include
the heavenly bodies); a person who studies uetewpoloyia is uetewpodyog or
uetewpoloyikoc (cf. Plato’s Phaedro 270a and Aristotle’s Meteorologica).

o The term climate stems from kAi{ua (meaning the inclination angle of the incoming
sunbeams; pl. kKA{uata); a property pertaining to kAlua is kKAtuatikog.

m  Hydrology is also a Greek word, i.e. U6poAoyia, but it does not appear in the ancient Greek
literature; a close match is vdpoAdyiov (pl. VSpoAdyia), which however is a water-clock; as a
scientific term with the modern meaning, hydrologia appeared after the Renaissance in
Latin, Italian and Spanish (hydrologie in French and German and hydrology in English).
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Here hydrologia seems to be plural of
hydrologion, i.e. Clepsydra — hourglass)
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Hydrologie ou Discours de I’Eaue

HYDROLOGIE
ov Q-6/5.3

“DISCOVKS'
DE. L,E A V"E'

Auquel eft amplemét declaréela vertu
& puiflance des caues Medicinales,
principalement de celles de Ville-
-conte prés Billon, & de Sajp&
*  Meaulps prés Rionen ™.
Auuergne. " ol

Wl

Par Ichan Landrey Pap@wis
M edecindu RO 1R

mo & :‘: .8
Monfieur de Heere Doy&hud?). 2
S. Aignan d’Ocleans. ~ ~™
oy

S e
- ParFabian HototImprimeur

- ordinaireduRov.

X

X LR BN 2N

HYDROLOGIE.
ou difcours de Peaue.
- P

Ce que les anciens ont dit de Teane.

.

3 g

CHAPITRE L

O vs ne pouuons
sl methodiquement
B! difcourir des eaues
- medicinales oumi-
nerales, quen commengant
parle genre,procederalefpe-
ce fuinantla do&rine du Phi-
lofophe,autrementil fandroic

vier d'vne tautologie ou en- |

nuyeufcredicte d'vne mefme

2 Hydrologie
chofe, Crambe recolta mors cff.
Ceft pourquoy nous parlons
en general de 'eau, produisis
le tcﬁnoi]gnagc de Pindare
¢dwp desqw L'ean trefbone, Ceft
a caufe des proprictez & ver-
tus qui en fortét. Cecy  pofls
bleincitéles Sages delaGrece
de nommerlamatiere de tou-
tes chofes, fange. Cleft la do-
&rine d’Eugubinus, L. Cd[mbp.
caria terre meflee auec l'eau,
{elon Moyfe produitprefque
toutes chofes. Ie ne veux en-
trer au tres-haut myftere ca-
ché fous le meflange qu'a fait
le Sauucur du monde, de¢ la
terre auec fa faliue, lors quila
voulu guarir Faueugle né, ¢e

7’

https://archive.org/details/BIUSante_30326

In most of the early uses of hydrology, its content is related to medicine and physiology.
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Appearance in Apiaria Universae Philosophiae Mathematicae
(an encyclopedlc Collectlon of mathematical Curlosmes)

' omnnsznt > 5OC. rz:r.
\3
GM?E ' .u. :

. BONONTE
Whlﬁmem

falis M.DC. XXX XU

https://books.google.com/books?id=Z_VIAAAACAA)
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A book about Hydrologia Peripatetica

1V,
FORTVNII LICETI,

GENVENSIS,

In almo Palladio Patauino
quondams  Medici Theorici
Jupremae [edis ex L. Com.,

DISPVTATIO
D E
 MARIS TRANQVILLITATE;

dree per oleum , & anchoram
comparanda ;

EX EBIVS

HYDROLOGIA PERIPATETICA

defumta.

Fortunius LICETUS (or Fortunio Liceti, 1577-
1657, an Italian physician and philosopher).

2 FORTVNII LICETI _
- qu refutet: nam licet amici fint ambo , fan&um ta-
men eft veritatem ipfis in honore anteponere. Tor itas
que rationibus ego Philofophus incitatus , tantorumque
- virorum , quales fuerunt Xenophon & Plato permotus
exemplis 5 idem ‘ego difcipulus admirandi Praceptoris
Ariftotelis famam, & veram do&rinam a Plutarcho & Vi-
comercato potiffimum [eriptis acrioribus accufatam, de-
fendere nunc aggeedior; Vtinam felici fucccﬂ'u': ?rduaqn
‘enim mihi quaftionem hanc futuram effe perfpicio ; quia
Claffici funt , virique do&iffimi quibuscum nunc difpu-
tandum eft : Sed quia circa res arduas verfari , virtatis eft,
Jaudisque plenum ; nobilem hanc prouinciam capeflere
~ libuit y oblatam nobis vltro Spartam exornare tentantes .
Remigitur aggrediamur diuinis aufpiciis . Spiritus Sanéti
gratia illumiact fenfus &corda noftca.

De oleo &) eAnchora proicélis , fluctus maris tumen-
. tesiranquillantibus. Difputatio Prima.
Lutarchus lle,Philofophorum eruditifimus, agens
de [ «]primo gﬁih , condemnare videtur Anfto-
l c

fa) opulc.
propr. telem, qualin _ X >

 ne in promouenda maris tranquilliate 5 fcnbit
enim fua liqﬁm

» . PLYTA o ypin b
»» W irauor bl Isisw ypoupor dies, vimy diriruciesor i xugdmey
,, O v bmemodades mwaaw, v'@s TEaipos drayspipiuor . woss %
) % 7Ls yaXim & v Sararey, Toic xuuaoy imipparopunor 18
< 34«:% %l"‘#ﬂ iwowagvérm, w6 ApisoriAng
. FAsyE L GINE TS iy UYPG TO XDU® DiaxEiTas T ANTTOUON
v 133;: Ad hacde rcliqu?sphumoribns maxime pellucidum
» ¢ft oleum,quia plurimumin fe habet acris; cui _rgiocl:ad

fophatum de olei operatio-

CHVS, Ta:;mq?&lm&.wy
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‘ Hydrologia in tres partes

https://books.google.com/books?id=HqAVcgAACAA)
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British Hydrology in Latin

P CHAP IL

PHILOSOPHICAL
TRANSACTIONS | Hydrology.
(From theYear 1700 tothe Year 1720.) I (") Uandoquidem admiranda nonnulla & infolita de Lacu Pettero O- 45 secount of
ABRIDG’D laus Magnus, aliiq; referant Scriptores ; opera pretium duxi in tbe Lake Vet-
3 di&i Lacus indolem, & Scriptorum Fidem penitius inquirere :* Inque iis ter, i# Swe-
A MDD & propriis Obfervationibus experiri non liceret, corux:lxa i re Te- %en; z;"
o8 . imonia, qui in Vicinia habitantes, & antiqui commendati fide, verisp, 2¢8.p.
Dalp el TSR P T Narrationibus meis fatisfacere poﬂ'c;mt ngfgonibus. :9;:. =
Lacus Vetteri a Scptentrione Meridiem ufque vergens de Ajkerfundio
In Two VoLUuMES. Nericie ad Fonekopiam Smolandiz 14 Suecica metitur Milliaria, quorum

uodlibet 5 vel 6 Milliaria Anglica, & decem unum fere conficiunt

By HENRY JONES, M. A. and
y 7 o radum : Latitudine vero 3, nonnunquam vix 2 fuperat Milliaria,

How e D Cinn GIMED (DOR Lacus ob elevatiores Montium colles, qui hunc in ipfo littore fepius
Vor.IV. Containing ambiunt, nonnunquam paulo remotiores prominent, adftantibus fem-

per apparet ad latera depreflus. Profunditate gaudet infigni, adeo

Partl. The MATHEMATICAL Papers. vero inzquali, ut aliquibus in locis ad 8o, in confiniis vero Offrggo-
Partll. The PHYSIOLOGICAL Papers. thie diverfis, paucifq; #V¢ftrogatbie ad trecentas ufq; orgyas nullum re-
perias fundum. Civis quidam Vadfienenfis Benediftus Amberni, a?ui ut

The SECOND EDITION. ad litrora Civitatis Grennenfis Vetteri exploraret profunditatem, aliquot
Orgyarum funes, fecuri loco ponderis appenfa, demiferat, fundo au-

. 5O N DO tem nufquam reperto, cum funes iterum collegerat, fecuri deperditi,
Prg o ] § Kxar7on, DMaowinsiy o A cranium equi chordz exaété alligamm obtinuic. _Similis item abyffus
" Lloxouan, L Bsuuraron. Z':T;{'.? ad pracipitia montis Obmenfis, qua F ol Occidentalis nomine_infig-
Crav, J.BaTLEY, and R.HzT 4 2 .nuntur,

10uid ':[;-B
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Spanish Hydrologia & German Hydrologie

HYDROLOGIA,

O TRATADO
DE LAS AGUAS

FERRUGINEAS,
RUBRAS,

VULGARMENTE DICHAS
DE LA VIRGEN

DE LA CINTA
DE TORTOSA,

DE SUS ADMIRABLES EFECTOS;
y methode para fu buen ufo.

, SU AUTHOR

EL DOCTOR VICENTE VlNAYME,;
~ Medico en la mifmaCiudad.

Conlicencia de los Superiores , en Valend
cia, por Jofeph Garcia , enla Plaza
de Calatrava, afi(

Sob. Gottibalf Wallering,

ber Wchtrmasbert ued Sepreplunt Dactors arf dee

Moty dmebiihem Rlebaic ja Upiela, desmadertatiden Be-

Celtd Wanen, ber chEES Ly bt Whademre S ooy
fnﬁwdwmka (WFM

@obrologtc,

%iaﬂerrmb,

mdpum mmbkﬁufm
uu-aummmgur 3
anekwnun

Bannemarts- GHefundbrunnen.
S“M Bezfene

oznnn 'Damcl Denlo,

e Qelieys Celeing)
Q«umm o w:..'m‘:éﬁ:: {

SRl |» Rioigh asd) dex u Pepsiy Titgdiene.

mwmm ool deiinfl. SAtd
en-w:mrp ‘F'.'?r‘fu«.ﬁ

R W W W W e W W W
Berlin

-mammu : ix~ucox..u,
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FConcon,

A F LIBR vy
N E W

O F

GEOGRAPHY:

“IN WHICH IS GIVEN,

A General Account of the Situarion and Limrrs, the
Manners, HisTory, and ConsTiTUTION, Of the
feveral Kinepoms and StaTes in the known World ;

And 2 particular Defcription of their Subdivifions and Dependencies ; theic
Citie':ezd Towns, Forts, Sea-ports, Produce, Manufattures and Commerce, ,

By A.F. BUSCHING, D. D.

Profeflor of Philofophy in the Univerfity of GorTinoz w, and Member of the
: ’LumedSodayquDuuluno. 2

Carefully Tranflated from the laft Edition of the GeRrmAN Original.
To the Author’s Introdu@ory Difcourfe are added three Efiys relative to the Subje@.
Tluftrated with Thirty-fix Maps, accurately projected on a new Plan.

IN SIX VOLUME S,

VOLUME the FIRST.

CONTAINING,

DeENMARK, Norway, GREENLAND, SWEDEN,
Russia and Poranbp.,

L ONDO N:

Printed for A, M1LLAR in the Strand,
M DCC LX]II.

S Y S T\E‘;&J

Hydrology in Geography

INTRODUCTION 20 GEOGRAPHY.

civilized. Tt m:z be obferved in general, that among all people and na-
tions of the Earth, there are fome men of a reafonable, and others of an
unreafonable difpofition or turn of mind ; as there are alfo in every country

ful and aukward, candid and difingenuous, virtuous and vitious, mild
and ouftere, polite and ill-bred, noble and ignoble perfons.

Of the W aTEnR.

§. 1. It remaing, laftly, that we treat of the Water on the furface of
the Earth ; and this branch of Geography is by fome termed Hydrography.
Dr. Wallerius was thie firft who made accurate enquiries into the AQueous
Kinepowm,-or Hydrology, and claffed it among the other Kingdoms of Na-
ture. ‘We may divide the Water into two principal Genera, namely, into
commoN and MINERAL Water. Common Water, or that which is called
fweet or freth Water, has no particular tafte, fmell, or colour, and falls
either in dew, rain, or fnow from the air, whither it was conveyed
fromithe Barth in vapours and exhalations; or elfe it is found on the Earth
in its proper channels and cavities. Running Water is the lighteft among
the’latter fort, and is alfo -called living Water ; of which, Spring-Water,
which fprings naturally out of the Earth, and continually keeps running,
i‘:':kfgccies. Springs, in all appearance, owe their origin to mountains, on

jich the vapours exhaled from the Earth fall in dew, rain, and fhow;
which, penetrating ‘into the mountdins, are colle€ted together, and break
‘out in fprings‘below. Thofe fprings which arife in fandy eminences pro-
duce the purelt Water. Moft fprings are perennial, or flow conftantly ;
others begin to run in fpring, on the melting of the fnow or ice, and ceafe
again towards autumn, and are called temporal Springs. Others again flow
only for certain hours of the day, and fome of thefe only in fummer, which
muft be owing to certain fubterrancous cavities in th¢ mountains from
which they ate fupplied.
yet ‘bubble up and make a noife, | a ‘pot boiling over the fire ; which
feems to be owing to the rarefied fubterrancous air.  Some fprings rife and

- fall as if they were regulated by the ebbing and flowing of the fea. In

many places Wells are alfo dag in which water is tollected for ufe.

§.72. Running Smproduce Brooks; and a conflux of feveral Brooks
form a Rivulet, or 5 and many Streams or Rivulets uniting toge-
ther make one great current, called a River. Rivers have a fteep or fhelving
bottom ; and the greater the flope or declivity, the more rapid and ftronger
is their current. the bed or channel of a River be very wide, its rapi-

dity is not fo great as when it is narrow. The water of Streams and Rivers
often falls down from a :precipice; and as the Rivers which form them
happen to be fmaller or greater, o are the cafcades fmaller or greater in pro-
portion. ISevenl Rivers alfo, at certain l?afom. of the year, being increafed

Vou. 1. or

-Many frings emit Water as cold as ice, and .
like

49
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Nouvelle Hydrologie — Physicae Dogmaticae -
Physicae Experimentalis Elementa (cum hydrostatica,
hydrodinamica, hydraulica, hydrologia)

. =
NouveLLe 'Y

HYDROLOGIE,

NOUVELLE EXPOSITION
DE LA NATURR BT DE LA QUALITA

‘DES EAUX;

Avrec un Exasen de I'Essde la mer, file
en difffsents endeoits des Claes de Frasce,

s roxaeiny
UNE DEICREPTION LIS SELS NATSRILY

. 2

ALONDRES;
Ei s wvwve 3 Panss,

P.Fe Dupor be fooen, Libesive & fa
e Nadearne de hm Qua‘cu.::a
Eoms, Dlesioe, mim!m&hon.,
Mlchmh)?qtu.

N’

PHILOSOHIAE NATYRALIS

PHYSICAE
DOGMATICAE

TAHYE IL
N P

AEROLOGIANM
HYDROGLOGIA M

YEL EIZII:!li'I.'lI.'-I LAENS BT il.lll_i.lll'.

1.|I-:
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LU"-'I'IH'I'!J OHER !T!TEH.HTI!-
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EHFl['!'T'!.'I.I'.I L B. me WOLFF,

IR TTEE R TR IFI'I-II-I.l.:'III-.

[ B8
B e el e RS BT
ATTAXTR
MICHAELE fSERi=T0rE HANOYIE,
[ LSR) 'I'-'-II_E:IIII_F .1I1I_I.:-.'_I 'R Nl

l-l.-.l.-.l I!I.rl-il'-l'l'. i
FETET IE aGrFiEiEs UILhiis EEMIT Rk
HEBNPFLER

i 17667

.

. . r .'.' % U .
PHYSIC/E EXPERIMENTALIS ~ (/"

ELEMENTA

. R. PANORMITANAE ACADEMIE
USUIl

Et Experimentis publice inflituendis
acceminodata

AUCTORE

P.ELISEO
A CONCEPTIONE
CARMELITAEXCALCEATO

In cadam R. P. A, Phyfice Fxperimentalis Anteceflore 5
& K.8 A. Neepoliaze Acadenico P
PEYSICAEZ PARTICULARIS
PARS I &1V,

. UB1 .
Ds, Bydrfiotica 5 Hycrediramica , Hydrcu.

hica, Hydrolge , & de its qua ad

© Tencm pertinent ogiiur .

B | A2 4 %
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£
PANORMI MDCCXC.

TYPIS REGIILS.
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Hydrology within Physical Geography
Scientific Hydrology vs. Medical Hydrology

A TREATISE

PHYSICAL GEOGRAPHY,

N E e

HYDROLOGY, GEOGNOSY, GEOLOGY, METEORGLOGY,

BOTAXY, ZO0OLOGY, AXD ANTHROPOLIGY,

BY A. BARRINGTON,.

EniEl Py
CHARLER BURDETT,

ACTHIL B CTEE CENNIEW'E OEILE" TravER T4 BT TR

e ————

=T wonliea ol Lbe Lord o jrosk, scondel oul ol o] e chad baps
Mm‘—b—.l.‘fm

TEUED EDTION.

NEW YORK:
MARE 1. NEWMAN & OO, 100 BROADWAY

CIFNCINATE; W. W, BOORE & O0; (EOCAGD! % G @AMGE & OO
AUMURN: R IVIEGE & O SR Dk MUEEEY & 05§
FHILADELFALL : LIFITSOOTY, OLANEG, & O ; ANB

TGED

44 SYMONS—-PROCEEDINGS OF INTERNATIONAL CONGRESS AT BIARRITZ.

ON THE PROCEEDINGS OF THE

INTERNATIONAL CONGRESS OF HYDROLOGY AND

CLIMATOLOGY AT BIARRITZ,
Oa'mn

By G, J. SYMONS, F.R.S., F.R.MEgT.S0c., SECRETARY.

I. Scientific Hydrolagy.—Water analysis, miero-organisms, collection of
mineral waters, geological influences, bathing apparatus, 34.

TI. Medical Hydrology.—Physiological and medical questions, 40.

1. Olimatology, scientific and medical, 35.
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Engineering Hydrology

MANUAL OF HYDROLOGY:

CONTAINING

L—HYDRAULIC AND OTHER TABLES

IL—RIVERS, FLOW OF WATER, SPRINGS, WELLS,
AND PERCOLATION,

III—TIDES, ESTUARIES, AND TIDAL RIVERS

IV.~RAINFALL AND EVAPORATION.

By

NATHANIEL BEARDMORE,

CIVIL ENGINEER.

Fondon:

WATERLOW AND B0ONS, 49, PARLTAMENT STREET,
23, BIRCHIN LANE, AXD 65 to 63, LONDON WALL,
1862,

WATER PIPES UNDER PRESSURE.—Tables 8a and 8b,

wa...er t.hmugﬁ pipes,” &c befbre ref'i}rrcl.’t tu and the d‘lscnssmn wh:ch
ensued thereupon. For very small pipes or flat rates of inclination, or
waere a closer approximation to aceuracy may be desired, somewhat
better results may be obtained by using Du Buit's formula, viz. :—

307 (y/r —0.1)

Vi—L(Vi+ L6
r = dia = ** Mean radius ” or Hydraulic mean depth in inches.

4
L. = Hyperholic Log. of the term to which it is prefixed.
Hyperbolic Log. = Common Log. X 2.30258.

—0.8 (/r—0.1)=Velocity in inches per second.

When reduoced

rmormomornmrmomormro
DURING THE NINETEENTH CENTURY,

As tered at various points on the rivor above summer low water, which at
Piscenza {s 132.3 feot above the sea level ; at Cromona, 1042 feet ; st Isols Pescaroli,
59,2 feet ; at Casalmaggiore, 748 fect,

| | | I
Name Dist. 'y 01 1507118121 1823 827 1530{ 1530/ 15401 1941 19461 134618561867
of the LStbli2th 16th| L6ch|L3th| 20th| 5th | 61k |31t 20eh|20eh| 1st
Station Soa. | |Nv. Decl()ct |Oct.| My.|Oct. | Nv.| Nv.lOct, My.|Oct.| Nv.|Oct.
|

ma.;n.m; [ RE RS NE NS SRR NS

Monticelli ..ovvevieins 210.0:23.0] ... [aL, 9 o 2.9!7.31;.0;! 8: 6:6.9:2.5;&7
Placenzs .ccoovvervenns l-)6.;x4.2 von: | ass | ass | evs |85 4 q.4:.:. 2/27.3116,2128.0
Cremons ..o 171.919. VR 1;.“!.- 8.7y 4|l;w.s 19,220, 8
Isola Pescaroli ...... 188, e 119.8]17. 7118, 6 19.{» 18, s[18.920.0 u;.a n.2(31.6
(‘unlmnggmre ...... 141, n ; wee {19 218, 1120, 621, 1 20 ofat.zzr.afar. 821,022, §
Dosolo .. NBPIANS! O 4;6215.7 won I DY ien :2.4 25 526, 1i25. 6[26, 1126, 8| ..
Borgoforte - w|114. 5127, 627, 0}27. 0[235. 6126, g2b. § 25.5125. 826, 7 :Z.ll!.x‘xq.;
3';}; nedetto ..., [tco. 5}15 9:.6.::.7.917.813.:1.7.: z‘g.gp'].gn.g .2/28.6(29. 3

i . 428, 4120, 2130 1120, 9|29. 7|29 .820.7 10.3130.7131.7
Sengutf 26.9/26. 5 17.01.8.1!:3.33.427.7 :bq.lt:g ’?.'.938.1 8.2 ...
guntmllo (Bmllam) 66.;]&6.4:;.4 w.b‘;s.z . 128, 0 zy.z.:z.zﬂ.n 28, ¢[28.2 ﬂq

to Lngosouro ...| §3.9(25.2/26.0/26. 826, 6/26. 8 xz.; 27. 1126, 5126, 6:26. |26, G285, 1
POIESENA ..eeeeennanes 439 .o | oo [25.8)25.8[26. 0|26, 0 26,3063 ... | oo | oo 7.9
Crospino .......coee 36.1 . 124 3/24.2[24. 624,06 25.0124. 5 ... . |25,
Cavanelladi Po ...... 9.1 .79t .ow.:iu.s 18, AT eonay) PR EREE | ENGR
Porto Beanarello .| o. ,0| 0.3l 0.¢f 0.0 o, .0l 0.0 0.0| 0.0]1.31
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