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Tou 4 Tig Id6TyTeg Tob péoov. “H taydtyra Siddoomng Tl #yov mpoxdAeoe xdmore




ZYNEAPIA THX 15 NOEMBPIOY 1990 243

aunyovie oyeTina pé T oxéon tne ue T ouyvérThTa. AdTo T {hmnue Eexabapi-
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70 vopo ol Nedrove. Ilpémer vo onuetdoovpe duws d1u 6 *Apiototélng 3ty 76 ma-
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Quatxiic xiviomnon.
‘H dxpifeia t7c *Aptorotéhetag Suvapiniic Suwe d&v mpémet va owrdler Ty o
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mepLYpapy Tie @Uong, dnhadl ) Mabyuatinh Guou.




SYNEAPIA THE 15 NOEMBPIOY 1990 245

6. JATOXYXNOTHTA

\ 3
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w.X.) [47].
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0 Ty dxpP oxéon tetpaywvinTs pilag. Tevixd, ol &pyalol dvayvampr
Lav oyéacic dvohoytag G quyva 3&v umopoloay Vi dvayvepicowy oyéseig Suvaumns,
s 3 \ e o > ~ / 3 \ o £4 3 \ \
lowg dmerdy) 8y Omipyav dupiBels petproets dMa Buwg lowg Emewdy) elyav pid ¢L-
Nocouxl TTEooxb Ao 6Tobs vépous Tiig avahoylag xal Thg dppoviag. Elver mold
Oovo 6 6t & IMuBoybeoc HEcpe 10 cwaotd navbve Tig EEo ¢ The Ldtocuyvé-
mOovd Bpewg 6t 6 Tubaydpas HEepe 10 cwoTd %a 16 E€apTnome T iStocuyvé
Trag &md Ty Tdow, énedy # wétomon Tob Bdpovs umopoloe va yivel pg WO pe-
! 3 ’ \ \ 5.3 S 3 \ (ond 'k \ 3 4 A \ 3 \
oAy dxpifeia, %ol TO %evd ¢ adtd TO onpeio umopsl va ogeideTal ot P dxplBy)
UETAPOPO. GTOVG GYOMAGTEG dpxeToVg aldves GpysTepa.
B) Of idrocuyvéryres Yo Srapmnes Tahavt®oss 6THAWY slvar GvticTpopa dvd-
hoyeg mpdg TO pAjxoc.
v) T 3o oupBatver yio Todavtdoes Soyelmv: &hhale tig idtoouyvétyres Ba-
\ ~ 14 \ 4 ?z. \ ~
Lovrae ote doycio vepd. Elvar gavepd 611 ypmoipomoince Aemsd Soyeio.
( C e i
3) Aoxipace Stoxnovg drr& dtv Eyouv dvagepbel dmotehéopata. Ymapys. wid
avapops 670y Patdwva 1ol MMdrwve (108D) &7 6 "Inmacos (nabntig tob MMuba-
’ \ )\é o /e 3 1 - o ~ H e 7
oo mod Myetar &Ti oxotdbnxe yiutl paptipnee puotixa T6v ITuBayopeiwy),
Soxtpace Téaoeprs umpodvilvous Stoxovs xal Bofixe i 4 dosuyvémrd Toug elvar

\ 1

3 ! 3 2 7
avrioTpopa dvdhoyn wpde To whyos Toug [3].

7. METPHZEIZ

Ot Iubaybpetor xal xatomvol cuyypapels dvapépouy ThHy dvnouyie Toug yua
Ty dxpiBerx Tév perphioewy. Tov Mubaybpa drasyoroloe 7 énidpacy Tig dvopoto-
popplag g Srauérpov THc yopdiic xal # Uypasia 7ol mepdAhovrog (of yopdig

yivovtay téte dmd Lwixds tveg).
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f’E 3 3 /i ! X \ 3} 8 8 4 \
v Bpyavo, dxpiPécTaTtos GeELGUOYPAPOs UE To orueplve dedopéva, Tad ypemaL-
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Smurodeynoay T6 TedTo pyaaThpto psuvdy Tahavtmozwv. Hapathoneay tic ido-
GUYYETYTES TAAAVTODUEVY GUETHUETWY %ol drédeiay &t § iStoouyvéTnra elvar pid
Bubmyra oY ouoThpatog xal dév Eapmiérar &md Th Siéyepoy. Ol IMubaydgero
’ \ \ 3 / ~ e ~ & o
mpocdLdpLoay Tl Pucixes L8LocLYVOTYTEG TOAGY ATAGY GUETHUATOY OTWG Tohd-
U ~ ’ 4 \ ~ o~ \ \ F 7 e 5 A
vTodpevey 70036Y, cwlivey, doystov xal xuxhikdy ThaxGY xal THY EExpTNGY Ao
Tl SLXGTAGELS TOVG.
‘0 ’Aptototédns nal M) IMepimatnriny Zyohy EBadav tig Baoeis THe wnyaviniis
\ A - g A \ f 3 / 1 ~ o~ \ fod A \
%ol dvémtuEay i Bacwn dvtidndn Tic otatikic xal Suvapixic. Ilpoordbnoay va
Baatoouwy 7 Bewpla Toug ot Bacixéc guiocoguxds idéeg dvrl ot dumeipind Bepehio-
wéva dErdpata [26]. ‘O *Apyrundne #Bade tic Bdoeis Thg oTaTnic we adeTEoTHTA
6Ty popen oL Eépoupe GTpEpa.
Stolg "AheEavdpvodc ypbvoug Omiipyay anuavTingg Teyvohoyxés TebodoL GTOY
Topéa TOD GYedLaouol L avEY %ol TRAXYTOCEMY.
To &nnpepts 6oy éva obotTnua pétemomg 1edvov xal TaAAVTAGELY fTay YYOETo
oty "Apyate ‘Enndada xal Kiva xol avantiybnxe oty deyadyra 670 Babud mod
ut 70 téhog THe mpdtne yhetiag w.X. elye #dn yenoimomornbel oav Bpyavo wé-

Teneng THhavTaeEmy xal, mbavéy, yeévou.

SUMMARY
The origins of vibration theory and experimental Physics.

It is generally assumed by western epistemology, that ancient Greeks
were theoreticians and were involved only in philosophical investigations
which did not involve experimentation and that the experimental method of
studying nature started in Western Europe with Galileo. Platon, in his «Re-
publicy, downgraded the experimental methods the Pythagoreans used and
this passage was used by western epistemologists to establish the dogma that
ancient Greeks were not experimentalists.

The Ionian School of natural philosophy introduced the scientific method
of dealing with natural phenomena and the rigorous proofs for abstract pro-
positions. The School’s distinguished leader was Thales of Miletos, the first
of the seven Wise Men of antiquity.
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Pythagoras of Samos moved to Croton where he established the Py-
thagorean School, the first institution of Higher Education and Secientific
Research. The primary contributions of the Pythagorean School were the
developments of the theory of numbers, the theory of music and harmony
and the experimental physics.

During the Golden Age of Athens, the center of learning and philosophy
moved there, where Platon founded his Academy. A noted student of Platon
was Aristoteles who wrote the first treatises on Physics, Mechanics and A-
coustics and was the founder of the Peripatetic School.

The term “vibration” was used from the Aeschylos times. In Platon 7'-
meos, the idea that irregular forces produce vibrations is recognized. Dio-
doros Siceliotes describes the whirling motion of a shaft in the bearing clear-
ance. Angular acceleration of the circular motion of the stars and precession
was observed by Hipparchos and Ptolemeos.

The difference in the pitch of sound was understood since the evolution
of music. Pythagoras has quantified the theory of music and related it to
his theory of numbers. Boethius reported a legendary incident involving Py-
thagoras. He noticed that the sound of the hammers in a ironsmith shop
were related to their manner and not the force of the user. Further he esta-
blishes a rational method of measuring sound frequencies, at least integer
fractions and multiples of basic sounds of musical instruments.

Contrary to the traditional belief that Galileo Galilei observed first the
isochronism of the pendulum, they propably were both known long before.

Legend suggests Daedalus is the inventor of the Pendulum. It appears
as a bob for spinning and levelling devices in vases of the 6th century BC.
Spinning was also known in India in 2,500 BC. The first indication of use of
the pendulum as timing device is in Aristophanes. In his Frogs he made a
direct reference: “...the music should be balanced with an oscillator”. This,
of course, has also a different interpretation but used as a joke shows the
familiarity with the pendulum isochronism. It can be assumed that the pen-
dulum was known, in fact the balance (which is a compound pendulum) was
known in 4,500 BC and with the dimensions of balances or drawings found
they would oscillate at about 1 Hz, a practical frequency for a balance. It
can be further assumed that they designed them so and that the isochro-
nism was known.

Pythagoras, with his observations in the metal workers shop and the
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development of a special experimental facility for further investigations, in-
troduced the experimental method. Pythagoras conducted several experi-
ments with hammers, strings, pipes and shells. He thus established the first
vibration and experimental physics research laboratory, the first known
man-made research laboratory. He found experimentally, the relation of the
frequency of natural vibration of taught strings, columns, plates and shells
to their physical dimensions, traditionally attributed to Galileo, Mercenne,
Chladni, Sauver and other experimentalists of Western Europe. Further,
Pythagoras established experimentally the fundamental law of linear system
theory: Natural frequencies depend on the system properties and not on the
excitation. Moreover, he invented the monochord, a purely scientific instru-
ment to conduct experimental research in the vibrations of taught springs
and to set a standard for vibration measurements.

Pythagoreans systematic experimentation can be also concluded from
their concern with the accuracy of their measurements and with the effect
of nonuniformity of string diameter and the humidity of the environment
(strings were made of animal tissue). Moreover, they were aware of the re-
lative inaccuracy of measuring frequency by car.

Pythagoreans understood the wave propagation through the air and pro-
bably the compressibility of the air during sound propagation as well. The
necessity of a medium for the propagation of sound is apparent in Aristo-
teles. In fact he stipulated that sound propagation depends on the medium
properties. Theophrastos offered a national proof for the independence of
sound propagation velocity on sound frequency.

The first monograph on acoustics was written by Aristoteles, in his book :
«On Acoustics», introducing the term which was traditionally attributed to
Sauver.

Static equilibrium rules were known empirically at very early times, but
a rigorous organization into seven postulates and seven propositions was
first proposed by Archimedes in his work “‘on the Equilibrium of Planes’.
Aristoteles understood the vectorial character of the forces and introduced
the law of the parallelogram for force addition. He introduced the principle
of virtual work XFi8i =0 and the laws of dynamics. The first and third are
identical to the corresponding Newton’s Laws, the second is very similar,
though not rigorously defined. The Aristoteleian work on dynamics was dis-
credited by Western epistemologists on account of his understanding of fal-




XYNEAPIA THE 15 NOEMBPIOY 1990 254

ling bodies. On this respect, the difference from Galileo’s observations was
that the Aristoteles overestimated the effect of air resistance while Galileo
underestimated it.

On the relation of motion to potential and kinetic energy, Alexander of
Afrodisias, introduced the conservation of energy and the conservation of
the sum (kinetic+potential energy) which became the basis for Rayleigh’s
Method.

Herodotos reported on a vibration transducer, a shield coated with a
thin sheet of bronze, very similar in principle to the reed tachometer attri-
buted to Frahm (1902). Similar systems were known in China in 370 BC.

Vitruvius reports on the first use of a pendulum as another type of me-
chanical vibration transducer-amplifier: The architect Tryphon of Alexandria
used hanged vases which begun to oscillate in response to underground shocks.

The term balancing, as with vibrations, dates back to Aeschylus times.
The term “tuning” seems that must have been known for musical instruments
at very early times. For machinery, tuning was performed in catapults to
achieve the desired prestress for maximum strain energy storage.

An instrument using falling balls to measure direction and to a limited
extend, magnitude of an earthquake was used in China in 132 AD, using a
3 m long pendulum.

Experimental physies, mechanics and vibration analysis, thought to
have started with da Vinei, Galileo and the West European Scientists of the
17th-18th Centuries, dates back to Ancient Greece where systematic exper-
imentation in purposely made research facilities was extensively used not
only for the solution of practical problems but for the investigation and proof
of fundamental laws of physics.
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