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The Hellenistic Period
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Hellenistic civilization represents a fusion of

the Ancient Greek world with that of the Near

East, Middle East and Southwest Asia.

1. A massive inter-penetration of Greek and
non-Greek ideas.

2. The increasing specialization of the sciences.

3. The development of hew centers of research
(especially Alexandria) and institutions
(such as Museum and Library).

4. The increase in kingly patronage



Distinguished Men of science in the Hellenistic Period (Review)
Eratosthenes (d. ca. 195 BC): Calculated circumference of earth
Euclid, fl. 295 BC: Wrote: Elements, 13 books

Apollonius (ca. 260-200 BC) Did for conic sections what Euclid did for plane
geometry; Wrote On Conic Sections in 8 books, contained about 400
propositions

Aristachus of Samos (ca. 310-230 BC) , wrote: On the Sizes and Distances of
the Sun, Moon, and Earth

Hipparchus of Nicaea (192-126 BC) , calculated the length of the year to
within 6.5 minutes and discovered the precession of the equinoxes. His star
catalogue contained about 850 stars whose positions were mathematically

predictable.

Ptolemy of Alexandria (ca. 100-170 AD) wrote the Almagest which contains
mathematical theories of the motions of the Sun, Moon, and planets.

Archimedes of Syracuse (ca. 287-212 BC) wrote: On Floating Bodies, Sand
Reckoner, On Sphere Making

Strabo of Amasia (ca. 64 BC-25 AD), wrote: Geographia in 16 books

Galen of Pergamum (AD 129 — 200/217). His works cover a wide range of
topics, from anatomy, physiology, and medicine to logic and philosophy



Medieval Medicine

See the next slide for explanations
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The human body was assumed to be filled with four basic fluids
called the four humors: black bile, yellow bile, phlegm, and
blood.

Humors were closely related to the four elements: earth, fire, water
and air. Earth was present in the black bile, fire in the yellow
bile, water in the phlegm, and all four elements were present in
the blood.

An ideal temperament involved a balanced mixture of the four
gualities. Any inequality or imbalance in humors caused
diseases, and the job of a physician was to bring back the
humors to a balanced situation.

Physicians used a combination of drugs and ointments (mostly
herbal) which were described in texts called Materia Medica.
Galen's theory of medicine was dominant in the education of
medicine during the medieval period.



Galenic Physiology :
Internal organs are
divided into three
distinct subsystems
governed by three
different “spirits”
functioning in the human
body:

- A psychic essence

permeating the brain
and nerves,

- A vivifying arterial spirit
arising in the heart, and
- A nutrifying venous
spirit originating in the
liver.

(Lungs Cool
Heart)

Brain/Nerves
distribute
“Animal Spirits”

Heart/Arteries
distribute
“Vital Spirits”

Li}rcr{"u’nins
distribute

“Nutrifying Spirits”
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Dissection was not allowed in Ancient Greece, but Xy N

there are reports that some Greek doctors
performed dissections in Alexandria.

Romans prohibited dissection. That is why Galen
had to practice on pigs, dogs and apes.
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In the entire Medieval period, dissection was
generally forbidden, except in some universities
surgeons were allowed to dissect the body of
criminals to show students the internal organs.
Students were not allowed to perform their own JWA S
dissections. , sl S
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Hellenic Tradition vs. Hellenistic Tradition

Hellenic: More philosophical and qualitative
o [Socrates, Plato, Aristotle, ....]

Hellenistic: Quantitative, Mathematical,
o [Ptolemy, Archimedes, Euclid, Galen, ....]

o Major events ( From the 2"d century BC to the 3" century AD):
- Culmination of the Hellenistic Tradition
- Rise of the Roman Empire
- The rise of Christianity
- Decline of the Roman Empire
- Gradual decline of scientific activities
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Compared to the Hellenic and Hellenistic periods, no major
development happened in science (except in medicine) and
philosophy in the Roman period.

Romans were the greatest technologists and engineers of the
ancient world.

Romans contributed to art, architecture, urban development,
warfare and medicine. s
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The West’s loss of ancient science occurred in two
stages:
First, a slow decline in the quality and quantity of scientific
activities [from 2"d century AD, during Roman hegemony]
o Commentaries, Encyclopedias, General texts

The second, a genuine disappearance of traditional learning

[after the fall of the Roman Empire, and specially after the Islamic
Invasions]

o Europeans were deprived of the documents in which the
ancient learned tradition was embodied.

During the centuries when European learning reached its
nadir, there was a great renaissance of science in Islam



Renaissance

The Scientific Revolution

Islamic Era

The House of Wisdom

Khawarizmi

Ibn Sina (Avicenna)

Ibn Haytham

Ion Rushd (Averroes)

Battani
Tusi
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Translation Movement, from the 8th to the 10th centuries
at the House of Wisdom in Baghdad

Almost all Hellenic and Hellenistic texts were translated to
Arabic: Almagest [it Is an Arabic title!], Aristotle’s Logic,
On the Heavens, Meteorology, .... Galen’s works, Euclid’s
Elements, Apollonius’ Conic Sections, etc.

Muslim scholars not only translated Greek and Hellenistic
works, but also wrote numerous commentaries to explain
or criticize those them. They made new observations,
solved difficult mathematical equations, developed
trigonometry, and built several observatories and
hospitals.

The decline of scientific activities among Muslims,
coincided with the ascend of intellectual activities In
Europe.



Europe after the 12t century

Improved agriculture

Strong economy

Trade with other states, especially Muslims
Development in educational system

Need to learn practical knowledge, such as arithmetic,
medicine, astronomy

Translation Movement
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Translation:
Arabic to Latin
Greek, Syriac (ancient languages) to Latin

Expansion of knowledge + Educational reform>>

o Establishment of the first universities in Europe (University
of Paris: 1150; Oxford: 1167; Cambridge: 1209; Padua:
1222...)

Development of the critical and combative philosophical
tradition known as scholasticism.

Aristotle’s scholastic critics developed important
alternatives for some of his doctrines.
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® The Renalssance: Humanism and Science

@ Better economy: trade with other states,
especially with the East

@ Introduction of the printing press, and the
compass

@ Criticism of the authorities in philosophy,
science and religion

® The discovery of the new continent

® Revolution in astronomy: The heliocentric
model

® New discoveries in astronomy rejected
Aristotle’s cosmology



Copernican Revolution:
The sun is at the center of the planetary motions.

De revolutionibus orbium coelestium (On the Revolutions of the Heavenly Spheres)
1543

Celestial
sphere

Celestial

Sun north
of celestial
equator

Sun south
of celestial
equator

Celestial

September equator

June December



Copernican Revolution:

Copernicus solved the long-lasting problem of the retrograde motion




Revolution in Anatomy:

Andreas Vesalius: De humani corporis fabrica (On the Workings of the Human
Body), 1543
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http://upload.wikimedia.org/wikipedia/commons/b/b2/Vesalius_Fabrica_p372.jpg
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Tycho Brahe’s observations of the new star of
1572 and comet of 1577

He concluded that, unlike Aristotle’s idea, the
new star and the comet were in the celestial
region.




: ’ Moon’s surface moon's
Gall_leo = surface consists of
Achievements valleys, plains and

mountains much like
the surface of the Earth

Observation
of sunspots

Discovery of moons
around Jupiter

( RECENS HABITAE. 26
Touc m.z.dec. 50. luppicer ab occidentali fequentim. 3.

Ori. * x0O  * * Occ

hac verd ab occidentaliori m.7.crdt feré xquales,orien
taliseantum Ioui proxima reliquis crar paulo minor,
erantque in cadem reéta Eclyptica parallcla.

Dic 59. Ho.0. m.40.Stelle dua: folnmmodo occidug
a louce confpe@z fucrunc fatis magna , & in cademre-

Ori, O * * O

&a cum Touc ad vnguem, ac fecundum Eclyptice du&i
difpofita. Propinquioraloug diftabatm. 7, hac verd
ab occidentaliori m. 6,
Dic 20.Nubilofum fuir coelum.
Dicaz.Ho.1.m.30. Stellule tres fatis exigua cerne.
baaturin hac conflitutione . Oricnralis aberar 4 loue

Ori. O = - Occ

m.2. luppiter 2b occidentali fequente.m.3.hac verd ab
occidentaliori m.7. crantad vugué in cadem reta Ecly-
pticz parallela.

Die 25, Ho.r.m.30./nam fuperioribus tribus nodi-
bus coe.ii fuit nubibus obdudum) tres apparucriie Stel

o Ori. = * O = Oce

I, Oricntales du, quarum diflantixinter fc, & aTouc
. >inta aquales




Galileo’s Achievements

Galileo observed the phases of Venus

Heavy objects
do not fall
faster than
lighter ones
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@ Isaac Newton (1642-1727) and the and the
Culture of Newtonianism

® Newton: The first mathematical physicist
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Newton showed that the motions of objects
on Earth and of celestial bodies are
governed by the same set of natural laws

In optics, he developed a theory of color
based on the experiment that a prism
separates white light into the many colors
that form the visible spectrum. He also built
the first reflecting telescope.

In mathematics, Newton shared the credit
with Gottfried Leibniz for the development of
the differential and integral calculus.



In the Principia, Newton described universal
gravitation and the three laws of motion

|. Every object in a state of uniform motion
tends to remain in that state of motion
unless an external force is applied to It.

Il. The relationship between an object's
mass m, its acceleration a, and the applied
force Fis F = ma.

Ill. For every action there is an equal and
opposite reaction.



'S I,Iaw-s- i:-éy".hid in night;

God said, “Let N

T r»'- -t e <& [‘(»‘_;— ’ £ ‘-fc:, ,,. 5‘ ”
, L 2 YIS G 3 - - 3 o - A P n O d T |
o o - S e WO et AR IR 1 AR o B : Lot OGS TR D e

"Newton“ (1795.),- by William Blake; here, Newton is depictéd as a "divine
geometer".



® Natural laws

® Mathematization of nature

® Experimental philosophy

@ Scientific approach in utilizing natural
resources

® Employment of science in technology



