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Text
Evolution of Science

| Science is a term used in its broadest meaning to denote systematized knowledge in any Seld , but
applied usually to the organization of objectively verifiable sense expertence . Its evolution has expe-

rienced a long history . . . ]

Origins of Science

1. Efforts to systematize knowledge can be traced to prehistoric
times, through the designs that Paleolithic people painted on the
walls of caves, through numerical records that were carved in bone or
stone, and through artifacts surviving from Neolithic civilizations.
The oldest written records of protoscientific investigations come from
Mesopotamianm cultures; lists of astronomical observations, chemi-
cal substances, and disease symptoms. as well as a variety of
mathematical tables. were inscribed in cuneiform characters on
clay tablets. Other tablets dating from about 2000 BC show that the
Babyloniansm had knowledge of the Pythagorean theorem, solved
quadratic equations, and developed a sexagesimal system of
measurement ( based on the number 60) from which modern time and
angle units stem.

2. From almost the same period. papyri documents have been dis-
covered in the Nile Valley, containing information on the treatment
of wounds and diseases, on the distribution of bread and beer, and
on finding the volume of a portion of a pyramid.

Rise of Scientific Theory

3. Scientific knowledge in Egypt and Mesopotamia was chiefly of a

practical nature, with little rational organization. Among the first
Greek scholars to seek the fundamental causes of natural phenomena
was the philosopher Thales'’ , in the 6th century BC, who introduced
the concept that the earth was a flat disk floating on the universal

[ 1] Mesopotamian ERAEXKIE; .2] Babylonian B HAE T

prehistoric /prihiz’ torik/ adj.
SRR

Paleolithic/ peeliou’ LiBik/ adj .
ISPaF2: R ERV:)

Neolithic/niou' 1i6ik/ adj . ¥ A1
AR )

protoscientific/ \proutaaintifik/
adj . JRIGRHFEH)

symptom /' simptem/ n. AL ,
AEJR

inscribe /' inskraib/v. B 5
%)

cuneiform /' kju: nit’ fo: m/n .
L 3i72:0)

clay /klei/n ¥+ B+

quadratic /kwo'dreetik/ adj ..
KHE)K

equation /i’ kweifon/n. J #
K. EFK

sexagesimal/ sekso’ esimol/ adj .
Al

papyni /po'paiarai/ n.. (papyns/ po

paiares/ BRI ) B4R

“3] Thales & F3#i7 (460-546BC)
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element, water. The mathematician and philosopher Pythagoras!*! ,
who followed him, established a movement in which mathematics be-
came a discipline fundamental to all scientific investigation. The
Pvthagorean scholars postulated a spherical earth moving in a circu-
lar orbit about a centrel fire. At Athens’', in the 4th century BC,
lonian'®! natural philosophy and Pythagorean .mathematical science
combined to produce the syntheses of the philosophies of Plato'”’
and Aristotle’® . At the Academy of Plato, deductive reasoning and
mathematical representation were emphasized; at the Lyceum of Ar-
istotle, inductive reasoning and qualitative description were
stressed. The interplay between these two approaches to science has
led to most subsequent advances.

4. During the so-called Hellenistic-* Age following the death of Al-
exander the Great!'®!, the mathematician, astronomer, and geogra-
pher Eratosthenes!'!) made a remarkably accurate measurement of
the earth. Also, the astronomer Aristarchus of Séamost '] espoused a
heliocentric (sun-centered) planetary system, although this concept
did not gain acceptance in ancient times. The mathematician and in-
ventor Archimedes!' laid the foundations_ “of ") mechanics and
hydrostatics; the philosopher and scientist Theophrastus“ﬂ became
the founder of botany: the astronomer Hipparchus! 6! developed
trigonometry; and the anatomists and physicians Herophilus[”]
and Erasistratus!'®) based anatomy and physiology on dissection.

5. Following the destruction of Carthage ™ and Corimhm} by the
Romans in 146 BC, scientific inquiry Jost its irllp_e_t_uﬁs‘]l} until a brief
revival took place in the 2nd century AD under the Roman emperor
and philosopher Marcus Aurelius'? . At this time the geocentric
( earth-centered ) Ptolemaic system, advanced by the astronomer
Ptolemym] , and the medical works of the physician and philosopher
Galen®! became standard scientific treatises for the ensuing age. A
century later the new experimental science of alchemy arose, spring-
ing io__mm] the practice of metallurgy. By 300, however, alchemy
had acquired an overlay of secrecy and symbolism that vitiated the

postulate /postjuleit/ v B,
BE

synthesis /' sinBisis/n. ( pi.
syntheses) 575, &

deductive /diflaktiv/ adj . ¥E3
B, HEK

lyceum /lai’si:om/n . B

inductive /in’ daktiv /adj. i1
PIEH

qualitative /'kwolitstiv /adj
SHHA X, 1K

interplay /' intoplei /n. # &
il

espouse /ispauz /v. it (F
X, #B)

heliocentric /hi:liou'sentrik /
adj. B.LFBRY

hydrostatics /haidrou'steetiks /
n. WA D%

trigonometry /itrigo’ nomitri /
n. ZRA%¥

anatomist /o'nsetomist /n . f#
¥R

anatomy /5’ neetomi /n. f# i
¥

dissection /disekfon /n . )

revival /rivaivel /n. ® 35, &
biN

geocentric /disusentrik /adj.
ML F B

ensue /inkju: /v.BEE R &,
EmxE

alchemy /felkomi /n . K& R

metallurgy /me'teelaki /n. 1§
&R

overlay /5uvolei /n . K3 , B

symbolism /éimbalizom /n . f§
HEREME, RIEF
X

vitiate /vifieit /v. B --+---
iR =R o bab o

'4] Pythagoras K TFRIRT(7 497BC); (5] Athens FEB: (6] lonian BMEBW; [7] Plato WKL B (427-347BC)

"8] Aristotle T B+ 2 M (384-322BC);  [9] Hellenistic # BEHY;
. 11 Eratosthenes JEHI & % (%) 276-194 BC);
13" Archimedes P (287-212BC);  [14] lay the foundation of A ;
{16 Hipparchus 7 B2 FTH7 (%4 2 42 BC);
.18 Erasistratus RABIFERTREN B (6 3hH144 250BC) 5
{20]Corinth BIAKST(FRIEEERR) ;. [21] lose one’s impetus K KIFEI T
23] Prolemy ¥B#;  [24] Galen BK(130-200):  [25] spuing from BT

[10] Alexander the Great ¥ J7 1L K A7 (356-323BC)
(12] Aristarchus of Samos BT BL I3 7237 (£ 3 #HE4C BC)

[15] Theophrastus 3k 28 51 B 3% (371-287BC)
[17] Herophilus # % 3F 7 8 (£ 335-280BC)

197 Carthage WK (FEWILF)

[22] Marcus Aurelius K372 B BH7(121-180)



Lesson 1 Fvolution of Science

advantages experimentation might have brought to science.

6. During the Middle Ages, six leading culture groups were in exist-
ence: the Latin West, the Greek East, the Chinese, the East Indian,
the Arabic, and the Mayan'®' . The Latin group contributed little to
science before the 13th century, the Greek never rose above paraphrases
of ancient learning, and the Mayan had no influence on the growth of
science. In China, science enjoyed periods of progress, but no sus-
tained drive existed. Chinese mathematics reached its zenith!”’ in the
13th century with the development of ways of solving algebraic
equations by means of matrices, and with the use of the arithmetic tri-
angle. More important, however, was the impact on Europe of several
practical Chinese innovations. These include the processes for manufac-
turing paper and gurpowder, and the use of printing and the mariner’s
compass. In India, the chief contributions to science were the for-
mulation of the so-called Hindu-Arabic numerals!®!, which are in
use today, and in the conversion of trigonometry to a quasi-modern
form. These advances were transmitted first to the Arabs, who com-
bined the best elements from Babylonian, Greek, Chinese, and Hin-
du sources. By the 9th century Baghdadm]. on the Tigris Riv-
er' ¥ , had become a center for the translation of scientific works,
and in the 12th century this leaming was transmitted to Europe through
Spain, Sicily?®"’, and Byzantium®?' .

7. Recovery of ancient scientific works at European universities led,
in the 13th century, to controversy on scientific methods. The so-
called realists espoused the Platonic approach, whereas the nomina-
lists preferred the views of Aristotle. At the universities of Oxford
and Paris, such discussions led to advances in optics and kinemat-
ics that paved the »@Lfgm JGalileo*’ and the German astronomer
Johannes Kepler[:)’5 o

8. The Black Death and the Hundred Years’ War disrupted
scientific progress for more than a century, but by the 16th century a
revival was well under way. In 1543 the Polish astronomer Nicolaus
Copemnicus'®’ published De Revolutionibus Orbium Coelestium (On
the Revolutions of the Heavenly Bodies ), which revolutionized astronomy .

[27] reach one’s zenith ik B KM ;
[30] Tigris River JEEKE BRTH ;
[34) Galileo {HFINE (1564-1642) ;

[26] Mayan 355 ;
{29] Baghdad EL#%3X;
[33] pave the way for 47 - & ;
[35] Johmnes Kepler 77 #(1571-1630) ;

medieval /imedi’ i: val /adj.
it

renaissance /roheisons /n. X

ZE¥

zenith /2eni® /n . B8 A
algebraic /ieeldso’ breiik/ adj .
¥
matrix /meetriks /n. (pl.ma-
trices) 8 B

mariner /fneerine /n. KF-

conversion /karka: fan / n 55
quasi-modern /' kwo; zifnodon /
adj . 15 F A

controversy /'kontrovo:si /n.

Fi,FW

nominalist /'nominelist /7 . 45
XEXE EELE

kinematics / kainifmeetiks /n . 3l
h#

(28] Hindu-Arabie numerals EJ B -F] RL{E ¥ F
(31] Sicily FHPHEL %5

[32] Byzantium 3 /] B2

[36) Nicolaus Copernious £ /8 (1473-1543)
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Also published in 1543, De Corpis Humani Fabrica (On the Struc-
ture of the Human Body) by the Belgian anatomist Andreas
Vesalius'®”) corrected and modemized the anatomical teachings of
(;alen and led to the discovery of the circulation of the blood. Two
years later the Ars Magna (Great Art) of the Italian mathematician,
physician, and astrologer Gerolamo Cardano!®/ initiated the modern
period in algebra with the solution of cubic and quartic equations.  quaric /kwosik /n. JUK 5
3]

Modern Science

9. Essentially modern scientific methods and results appeared in the

17th century because of Galileo’s successful combination of the func-

tions of scholar and artisan. To the ancient methods of induction artisan /\a: tizeen /n. TE
and deduction, Galileo added systematic verification through verification /.verifi'keifon /n . %
planned experiments, using newly discovered scientific instruments iE, i3

sich as the telescope, the microscope, and the thermometer. Later

i the century, experimentation was widened through the use of the

barometer by the Italian mathematician and physicist Evangelista barometer /bofomits /n. S Fx
Torricelli™!; the pendulum clock by the Dutch mathematician, T

physicist, and astronomer Christiaan Huygens'®’ ; and the exhaust pendulum !’pm?ju‘am In. B4R
pump by the English physicist and chemist Robert Boyle®!, and ~1'gy PP 4520 e/
the German physicist Otto von Guericke 2l ‘ '

10. The culmination of these efforts was the universal law of gravita-

tion, published in 1687 by the English mathematician and physicist

lsaac Newton®) in Philosophiae Naturalis Principia Mathematica .

At the same time, the invention of the calculus by Newton and the calculus /'keelkjulas /n . B!
German philosopher and mathematician Gottfried Wilhelm Leibniz*! %

laid the foundation of today’s sophisticated level of science and math-

ematics .

11. The scientific discoveries of Newton and the philosophical sys-
tem of the French mathematician and philosopher René Descartes!
provided the background for the materialistic science of the 18th cen-
tury, in which life processes were explained on a physicochemical
basis. Confidence in the scientific attitude carried over 10/’ the
social sciences andinspired the so-called Age of Enlightenment,

377 Andreas Vesalius ZEE¥%HE [1514-1564) ; [38 . Gerlamo Cardno /R 55 (1501-1576) ;

39] Evangelista Torricelli # & 71 (1608-1647) ; [40] Christiaan Huygens BB 37 (1629-1695) ;
"4t ] Robert Boyle BB H (1627-1691); 421 Otto von Guericke f& B 52 (1602-1686) ;
'43] Issac Newton 4 #5(1642-1727) ; 744] Gottfried Wilhelm Leibniz 370 JE 2% (1646-1716) ;

'45] Rene Descartes i £ /K (1596-1650) ; [46] carry over to 38
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5

which culminated ir: the French Revolution of 1789. The French
7 published Traité élémentaire
with which the

~hemist Antoine Laurent Lavoisier-!
e chimie (Treatise on Chemical Elements. 1789),
revolution in quantitative chemistry opened.

12. Scientific developments during the 18th century paved the way
ior the following “century of correlation, " o called for its broad gen-
cralizations in science. These included the atomic theory of matter
nostulated by the British chemist and physicist John Dalton'*’ ; the
electromagnetic thecries of Michael Faruday® and James Clerk
Maxwell ), also of Great Britain: and the law of the conservation of
cnergy, enunciated by the British physicist James Prescott Joule' >
and others.

:3. The most comprenensive of the biological theories was that of ev-
clution, put forward by Charles Darwin-* in his On the Origin of
Species by Means of Natural Selection (1859), which stirred as much
controversy in society at la.rgem' as the work of Copernicus. By the
heginning of the 20th century, however, the fact. but not the mech-
anism, of evolution was generally accepted. with disagreement cen-

tering on the genetic processes through which it occurs.

14. But as biology became more firmly based, physics was shaken
by the unexpected consequences of quantum theory and relativity.
In 1927 the German physicist Werner Heisenberg ! formulated the
so-called uncertainty principle, which held that limits existed on the
extent to which, on the subatomic scale, coordinates of an individual
event can be determined. In other words, the principle stated the
impossibility of predicting, with precision, that a particle such as an
¢lectron would be in a certain place at a certain time, moving at a
certain velocity. Quantum mechanics instead dealt with statistical
inferences relating to iarge numbers of individual events.

Fields of Science

15. Knowledge of natare originally wa~ largelv an undifferentiated
observation and interrelation of experiences. The Pythagorean scho-
lirs distinguished only four sciences: arithmetic, geometry, music,
and astronomy. By the time of Aristotle. however. other fields could

{-17] Antoine Laurent Lavoisie- §i7 FL&S (1743-1704 .
149] Michael Farady B:H55(1791-1867)
[51] James Prescott Joule £41¥(1818-1889);
[54] Wemer Heisenberg ¥57% € (1901-1976) ;

"52 1Charles Darwin 358 3C;

culminate /'kalmineit /v.1i%
BB

quantitative /' kwontitotiv /

adj. EERH

electromagnetic /i’ lektroum
®g'netik /adj. HLEERY)
emunciate /i’ nansieit /v . 1§ &

MBI, AR R

mechanism /' mekanizom / .

YL

quantum /'kwontom /n . - >

statistical /stee’ tistikal /ad;.

Sitw

undifferentiate /,Andifo’ renficit /
R %

48! John Dalton H /R 5 (1766-1844) ;
.50 Janes Clerk Maxwell 3 55745 (1831-1879);
[53] at large B HHY;
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also be recognized: mechanics, optics, physics. meteorology, zo-
slogy, and botany. Chemistry remained outside the mainstream of
science until the time: of Robert Boyle in the 17th century, and geol-
gy achieved the status of a science only in the 18th century. By that
time the study of heat, magnetism, and electricity had become part
of physics. During the 19th century scientists finally recognized that
nure mathematics differs from the other sciences in _t—hgt[sﬁ it is a
logic of relations and does not depend for its structure on the laws of
nature. Its applicability in the elaboration of scientific theories,

nowever, has resulted in its continued classification among the sci-

2Nnees .

16. The pure natural sciences are generally divided into two classes:
the physical sciences and the biological, or life, sciences. The prin-
~ipal branches among the former are physics, astronomy, chemistry,
and geology; the chief biological sciences are botany and zoology .
lhe physical sciences can be subdivided to identify such fields as
mechanics, cosmology, physical chemistry, and meteorology;
physiology, embryology, anatomy, genetics, and ecology are
subdivisions of the biological sciences.

i7. All classifications of the pure sriences, however, are arbi-
irary . In the formulations of general scientific laws, interlocking
-elationships among the sciences are recognized. These interrelation-
ships are considered responsible for much of the progress today in
several specialized fields of research, such as molecular biology and
senetics. Several interdisciplinary sciences, such as biochemistry,
biophysics, biomathematics, and bioengineering, have arisen, in
which life processes are explained physicochemically. Biochemists,
‘or example, synthesized deoxyribonucleic acid (DNA); and the
-operation of biologists with physicists led to the invention of the
»lectron microscope, through which viruses and gene mutations can
iw: studied. The application of these interdisciplinary methods is al-
.0 expected to produce significant advances in the fields of social sci-
~nces and behavioral sciences.

‘8. The applied sciences include such fields as aeronautics,
slectronics, engineering, and metallurgy, which are applied physical
sciences, and agronomy and medicine , which are applied biological
wciences. In this case also, overlapping branches must be
recognized. The cooperation, for example. between iatrophysics
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Lesson | Evolution of Science

(a branch of medical research based on principles of physics) and
hioengineering resulted in the development of the heart-lung machine
used in open-heart surgery and in the design of artificial organs such
as heart chambers and valves, kidneys, blood vessels, and inner-ear
hones. Advances such as these are generally the result of research by
teams of specialists representing different sciences, both pure and
applied. This interrelationship between theory and practice is as im-
portant to the growth of science today as it was at the time of Galileo.



