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Abstract

A study of ancient optical instruments mirrors and lenses and
combinations of them, which even allowed performing
astronomical observations, has been performed and
presented. It seems that such optical devices were available
and used by philosophers and craftsmen that enable them to
perform observations and create miniatures like seals.
Philosophers and scientists observe astronomical and other
natural phenomena, like thunders, clouds, and rainbow and
perform studies in laboratories. In parallel philosophers like
Euclid, Hero and Diocles study in the laboratory and | theory
and establish the qualities of the mirrors and possibly lenses.

This study is based on both actual data of existing ancient
lenses that are in Greek Museums and Greek, Latin and Arabic
literature. Some of them have been measured and their
optical characteristics are known. In parallel | this study have
been used ancient scientific books by Greek philosophers, with
texts referred to optics, lenses, mirrors and multiple refection
instuments. These facts and texts have been neglected or
misinterpreted up to now and even some specialists ignore
the existence of lenses, spherical mirrors and optical
instruments.

The oldest of the lenses that has been measured for this study
is probably 4000 years old, from Crete, Greece, while the
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others are of various time periods of antiquity. Several other
lenses of various focal lengths of the 8th or 7th century BC
from Rhodes are also presented. These have several focal
lengths and magnifications and are provided with handles to
be held by the user, who is probably an artist who designs and
manufactures minatures, seals, jewellery.

There are ancient texts refered to complex optical systems
made up of more than one mirror or, possibly, lenses from the
Greek philosophers and even a theatrical writer like
Aristophanes with many detailed descriptions and studies by
prominent ones like Euclid and Hero both from Alexandria.
Ancient natural philosophers and other authors mention
optical systems of two or more mirrors, concave and convex,
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that have appropriate qualities that enable the user to create
real or imaginary idols, that they call images and spectra
respectively. In some of these texts it is evident that they
were in use for astronomical purposes to see “stars”, as they
write, they name comets, and we can assume they possibly
mean planets.

All these prove that humans in Greece have developed
complex optical systems, possibly used for observations of
objects at the Earth and celestial bodies like comets and the
moon.

Introduction to ancient optics

Astronomy is part of our culture from prehistoric times.
Humans admire and study the sky initially by unaided eye,
they observe the motion of the stars, the Sun, the Moon, the
planets, they notice the changes of the season, the yearly
change of the altitude of the sun, the changes of the position
of sunrise and sunset, and eventually they develop various
instruments, poles, simple stelae, buildings and cities of
various astronomical orientations, with orientations. These
astronomical observations probably lead to the development
of reasoning, the notion of causality and with it the laws of
physics that are described by appropriate mathematics to
describe and even predict prorperly nature, to “save the
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phenomenal”. The mathematicl formulation of a law of
nature changes with time as more and especially better, more
accurate data ecome available and bettermathematical
methds are developed or used in purpose.

Our effort to understand the sky, the nature of celestial
objects makes us humans, Plato says. Observing the sky and
trying to understand the motions and the nature celestial
objects humans develop mathematical and physical models
and this is the beginning of science and philosophy at the
same time. Humanity makes an enormous step with the
advent of astrophysics and cosmology, as this effort to
understand nature in terms of nature is the beginning of
reason, logic, of causality, of the existence of laws of physics,
explanation and prediction of some natural phenomena like
the phases of the moon, the position of the sun, the beginning
of the year, the position of the planets, the eclipses etc. It is a
miracle that humans understand the correct nature of the
stars that are made of concentrations of hot gasses; they
understand the existence of gravitational forces and its

1In Heraclides Ponticus (¢390-310 BC) trv yfjv kai KUKAW
KLVOUUEVNV, TOV &€ oUpavov fpepelv HpakAeidng 6 Movtikog
UmoBEpevog owletv Weto ta patvoueva, Eudemus (270-300 BC), the
oldest historian of science, mathematician, astronomer and student
of Aristotle who edited his techer;’s books before been published,
writes owletv ta @atvoueva and it is repeated by Plutarch (46-
120AD) in his book On the Face in the Orb of the Moon, ...
dawvopeva ocwlelw...
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significance in various cosmic scales, both in the creation of a
star, they wonder on the generation of energy, of light. We
especially wonder how humans understood all that and if they
had means like telescopes, that enable them to observe at
least the moon and comets that enabled them to start
understanding nature. It is known the Greeks and other
people had lenses and mirrors from prehistoric times.

This theoretical scientific method using theory, intellectually,
using their brain with reason, and without using material
[immaterially, dUAwC¢ kai voep®c)? to understand what they
observe [t& Bewprjpatal, as Hero states®. Theorems and
proofs are probably the most important advancement in
science and this theoretical method is used to study mirros
and their applcations including optical systems with more than
one mirrors.

2 [Pythagoras] thv mtept alTAv dhooodiav eic oxfua madeiag
éAeuBépou petéotnoev AvwBev TG ApXAG AUTHG EMLOKOTIOUEVOG
Kal AUAwC Kal voep®g Ta Bewprpata SlepeuvwUevog, 0¢ 61 Kal thv
TV ava AOyov Tipaypateiav Kal TV TV KOOUKOV OXNUATWY
ouotaoly avelpev.

3 Hero Definitiones petd 8¢ tov OaAfiv Mapéptiog 6 3Thowopou
niowintol adeAdoc kat Immiog 6 'HAglog kal peta tadta 6 Mubayopag
AvwBev Tag ApxAg avTh¢ £MOKOMOUEVOC Kol AUAWG KAl voep®G TA
Bewpnpata Slepeuvwuevog Kal Letd Toltov Avafayopag Kal 6
MAdtwy kai Oilvomidng 6 Xiog kal Os6dwpog 6 Kupnvaliog kat
Inmokpadtng mpod tod MAdTwvog.
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Based on ancient Greek texts and actual finds it is evident that
they do not only have lenses and mirrors of various types, but
they even studie then with scientific methods, experimental
and theoretical as it | described in Euclid of Alexandria book o
Catoptrics. Perhaps the most famous quotation on the use of
lenses in antiquity is the one theatrical writer of comedies
Aristophanes mentions in one of his comedies that the Greeks
have been using lenses that you can buy from a pharmacy to
light a fire*, or to falsify the minutes of a curt from a distance

4 }6n rapd tolol pappakonwlalg thv Aibov taltny €dpakac, THv
kaAnv, TV Stadavii, ad' A T np drrouot; and also Socrates Ty
Ualov Aéyelc; Aristophenes, Clouds. Strepsiades: Have you seen the
transparent stone that you can buy from the pharmacy to light up a
fire? Socrates: yes, you mean the glass (lens), you can use it to melt

and delete from a distance the writings of your suit in the court.
S —
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using a lens. The minutes of proceedings of the court were
written on tablets covered with a thin layer of wax that
Strepsiades will delete from a distance focusing sunrays on the
layer of wax. For Aristophanes to use lenses in a comedy
implies that the use of them is known to the general public.
Several lenses and many mirrors are in Greek and other
archaeological museums®, but there are many more important
ancient texts about optics, especially mirrors.

Ancient Optics

Optics, called catoptrics by the Greeks, as it was initially the
study optics of the mirrors that are called Katoptra (Katomntpa)
in Greek. Optics becomes a science mainly in Alexandria
probably before the time of Euclid. Euclid’s Catoptrics explains
theoretically with theorems relfection, multiple reflection and
the formation of iages, reversed, magnified etc. Euclid explains
why certain mirrors reverse the image, making it left and right
handed or inverse, up and down, why images appear
diminished and warped in convex mirrors, how can be seen in
concave mirrors®. Another very important theoretical study is

> Twyman, F. (1942, 1952, 2" ed.). Prism and Lens Making,
Hilger.

6 Georgia L. Irby (editor), (2016), A companion to science,
technology, and medicine in ancient Greece and Rome, 2016 John
Wiley & Sons, Inc.
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the one on burning mirrors by Diocles (c240-c180 BC)’ of
which an Arabic translation exists extensively studied by
Toomer and proves that they treat optics purely theoretically
using geometry without involving the eye of the observer or
vision. Diocles was an important mathematician that solved in
a way the Delian problem of doubing of the cube volume,
introduced the cissoid of Diocles, wrote the book of optics
specialized on Burnig mirrors has been saved in the book with
comments of Archimedes' book (now lost) On the Sphere and
the Cylinder written by the mathematician Eutocius (480- 540
AD) who has studied and worked in Alexandria with
Ammonius.

The usual belief [see for example Neugebauer]® that Greek
texts show that Greek philosophers understanding the nature
of vision assuming that the human eye emits rays of light is
based on a misunderstanding of the Greek texts where the
simply mention the mathematical method to draw lines to
study and understand vision. The confusion is probably due to
the use of term opsis (6Y1ic) which has three meanings at least

"Toomer, G. J. (2012). Diocles, On Burning Mirrors: The Arabic
Translation of the Lost Greek Original (Vol. 1). Springer Science &
Business Media.

8 0. Neugebauer, (1975) A History of Ancient Mathematical
Astronomy In Three Parts, Springer-Verlag Berlin Heidelberg
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a) the eye, b) the vision, and c) the rays of light and the
straight lines used in the theory of optics®.

A | L]

The mere fact that optics, that Greek Philosophers call it
catoptrics, is part of geometry, where they do not mention the
human eye or vision, but the straight lines they use o study
optics, proves that. This is mentioned by Medaglia and Russo?°

9 C.f. Thibodeau, P. (2016). Ancient Optics: Theories and Problems
of Vision, in A Companion to Science, Technology, and Medicine in
Ancient Greece and Rome, First Edition. edited by Georgia L. Irby.
John Wiley & Sons, Inc. pp 130-144.

10 Medaglia, S. M., & Russo, L. (1995). Sulla prima “definizione”
dell’Ottica di Euclide”. Bollettino dei classici, 41-54.
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where they present two almost identical sentences from
Euclid and Hero!! on the geometry of vision that prove that
the notion that all Greek philosophers believe that vision is
based on light rays that are emitted from the eye is wrong.
Euclid in his Optica states let us draw straight lines form the
eye that deviate as the distance increases and even introduces
the solid angle as a cone'?. Geminus and Theon give the same
geometrical description, almost the same sentence. Heron in
his book Definitiones?? says that light rays are straight lines
that deviate from the eye and the same is repeated by
Geminus in his Fragmenta optica*®.

1 Hero of Alexandria (1900) Opera quae supersunt Omnia.
Mechanica et catoptrica, ed. L. Nix and W. Schmidt. Leipzig: B. G.
Teubner.

12 Euclide Optica:'YriokeioBw té¢ amd tol dppatog E€ayopévac
eUBelag ypappag dpépecbal Staotnua Peyebiv peydAwyv. Kal to
[H&v] UTo TeV S ewv TeplexdpeVov oxfpa glvat KHVOV TAV
KopudnVv pev £xovta év TR OppaTL TV € BAoly mPOg TOT¢ Mépaot
TV OpwpEVWY. [soled angle]kal 6pdioBarl pév tadta, mpog & Gv ai
oyelgnpoonintwot, pr) opdobat 8¢, mpodg a av un mpog-nintwolv at
oyelg.

13 Heron:"OtL UmotiBetal /) OMTIKA TAC &rtd To0 dupaTog SYPELS
Kat' e0Belag ypappdg pépeobal, kal Tol Oppatog nepldepopuévou
oupmnepldpépecBdal kai tac OYPeLg, kal Gpa t@ OppaATL SLavVoLYOUEVW
TPOC TO OpWHEVOV yiveoBal Tag 6YeLg

14 Geminus: 8tL UToTiBETAL A OTTIKA TAG ATtO TOD BUUATOC BYPELC
kat' e0Beloc ypappac pépecbal kat tod dupatog
oupmnepLpepopévou cupnepldEpeoBal kal Tag OYPeLg kal Gua Tl
|
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Hero and Geminus divide Optics in three parts, as (a) Optic,
(b) Catoptric and (c) Scenographic’>. Geometrical optics is
used for reflection of light on reflecting surfaces like water,
metallic plates, and also for refraction in crystal and lenses®® .

OppaTL SLAVOLYOUEVW TIPOG TO OpWHEVOV TAG O el yiveaBal.
UmokeloBw tag amo tod Oppatog 6Pelc kat'sUBelag ypappag
PépecBat Staotnud TL Mool oag At AGAAAAWY

15 Geminus and Heron says exactly the same, using the same
phrase in fact 6mtiki¢ pépn AéyoLto pév av katd Tag Stadopoug
OAag kal mAgiw, TA 6€ yevikwtata Tpia’ TO HEV OHWVUHWCE TG OAW
KOAOULEVOV OTTTIKOV, TO 8€ KATOTTPLKOV, TO 8€ oKNVOoypadLKOV.
KOTOTITPLKOV &€ AéyeTal OAOOYXEPECTEPOV EV TO TIEPL TAC
AvakAAOELG TAG Ao TV Asiwv, oU povov Tiepl €v kKATomTpov, 0Tt &'
Ote kol epl mMAelw otpedopevoy, ETL NV Kal tepl Ta év aépt 6’
OypQv éudalvopeva xpwpata, OMold £0TL TA KATA TAG (pLdag.
€tepov 6€ 16 1e Bewpolv Td cupPaivovta mepl Tag Tol HAlou
dktivag v te KAAoEL kal WTLOHOTC aUTolS Kal oKLalg” olov Omoia TIg
f Slopilovoa ypappn TV oKLV év EKACTW oXAATL yiveTal. omola
yap n tiv 6P ewv mpontwolg, Tololtog Kal 0 KatapwTLoRog Unod Tol
NAlou yilvetal Kol ToTé pév Kat' eUBeiag AKAAOTOUC, TOTE &€ KaTd
Sladuopévag Womep €ml TV VEAWY — KOTAKAWHEVAL Yap Kal gic Ev
OUVVEUOUOL £EATITOUCL TTOPA TA TTOLA OXALATA —TOTE & KATA
avakAaoly wormep ol AXNAelG daivovtatl £ml TRV 0podPdV’ WG T' Ao
naong thg OPewg f Bswpla, kat Ano movtog pépoug told NAiou 6
dwTLopOG yivetal.

161 &' émi Tiv LEATWV Kal TV UPEVWY TA Kot StdSuotv
Bewpoloa omtikn EAGTTW pEV Oswplav £xeL, altloloyel 6& Ta UTO
tolc U6aol kal UpEat [thin plates of metal] kal UéAoLg [lenses] omote
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Light follows straight lines or at times refracted as in lenses
[axAdoToug, Tote 6€ kKatd Suopévag, Worep ML TV VEAWV].
Spectroscopy (lpig) is the study of colours that appear in air,
water, shadows, around the rays of the sun'’, Scenography is
part of optics that studies the images of buildings8in 3
dimensions, i.e. projective geometry and descriptive
geometry, that are suitable and important for design,
architecture, engineering and in art with perceptiveness,
which is evident already in the frescos of Akrotiri of Thera, at
the royal tombs of Philip at Vergina, Roman mural paintings.

Slaomapattopeva ¢paivetol Td RVWUEVA Kal cUVOeTO TA AMAL Kol T&
0pBa KeKAQOUEVA KAl TA LEVOVTA KIVOULEVAL.

17 &1L pufv Kal iepl T év A€pLSL' UypQIV Epdatvopeva XpwHaTa,
OMOTA £0TL TA KATA TAG (pLdag’ £tepov &€ 10 T Bewpolv Td
oupBaivovta mepl Tag o0 RAlou dktivag év Te KAAOEL Kal WTLOUOILG
a0TolC Kal oklalc, olov omoia Ti¢ fi Stopilouoa ypappn THY oKLV €v
£KAOTW OXNUATL yiveTal, Kol TO mepl TA MUPETO TPOCAYOPEUSIEVOV
okomoUv mepl TV Katd Ava-

KAaolv cuviouo®v aktivwy, al Katd cuvveuoLy aBpoav Thg tod
dWTOG AVAKAAOEWC TTAPA THV TTOLAV KATAOKEUNV TO0 KATOMTPOU £i¢
€v ouvioUoal i) katd ypapupunv eLBelav i kKukhotepég éknupoliol Tiva
tomov. altal §' ai Oswpial Tag alTAg UNoOEoELS Exouoal Tf Tepl
Tag OPeLc Tov alTov ékeivn Tpomov épodelovtal omolia yap f TV
oY ewv MPOMTWOLG, Tololtog Kal 6 KatadwTlopog umd tol nAiou
yivetay, kai tote pév kat' evBeiag

18 T{ 10 oknvoypadikov; Td oknvoypadLkdy Th¢ OTTIKAC UEPOC
Intel, oG poon kel ypddelv TAG ikovag TV oikodounudatwy:
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Claudius Ptolemy has written five extensive books about
optics®®, on mirrors and reflection and we can conclude that it
was a very detailed study of a science that was very advanced
at the Hellenistic times.

Ancient lenses

There have been several studies and presentations of ancient
lenses mainly by archaeologists. Sines and Sakellarakis (1987)
and Sakelarakis, (1999), present lenses from prehistoric

Greece, Crete, lenses have been found in Knossos, and Enoch

19 1'Optique de Claude Ptolémée 5 books edited by Albert
Lejeune (1956), version latine d'aprés l'arabe de I'émir Eugéne de
Sicile, édition critique et exégétique augmentée d'une traduction
francaise et de compléments, Louvain, Bibl. Universitaire.
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(1998, 2000) presents a lenticular crystal made object that he
considers that it was simply ornamental. Giovanni Pettinato
(Willach, 2008) believes that this Assyrian lens discovered by
Sir John Layar in 1850, was possibly used for magnification of
objects. Ancient lenses are described by Irby-Massie and
Keyser (2002) in their book about Greek science of the
Hellenistic era and especially by Russo (2013) who is his
famous book about the scientific revolution in the Greek
World gives an account for ancient lenses from various places.
Russo reviews the scientific presentation of lenses in antiquity.
Russo discusses the refraction presentation by Ptolemy who
gives tables with refraction angles of media. The most beloved
pupil of Aristotle and his successor as head in his Philosophical
School in Athens, the Peripatetic School or Lyceum, which has
been discovered recently in Athens, Theophrastus (~¥371 BC to
287 BC) discusses on how a lens can be used to light a fire.
Russo discusses the possible existence of even telescopes in
antiquity. Russo stresses that Hoppe in his book of the history
of optics and Giovanni Pettinato based on the accuracy of
their astronomical measurements states that telescope were
possibly in use by Mesopotamian astronomers during the late
Assyrian period.
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The Archaeological Museum of Heraklion, Crete, Greece, there
are more than 20 lenses some from around 2000 BC, that |
have studied some of them that are intact and in good
condition. | have measured the quality of several lenses. Their
focal lenses range around some tens of cm. The image these
lenses produce is reasonable, more than just acceptable.
Despite their distortion, the lenses give images that can be
useful, suitable for practical purposes. The magnification is
suitable for engraving and to work with small objects for the
construction of jewels and seals like seal the ones the Greek
world produces from prehistoric times.
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Another 20 magnifying lenses with handles made of copper
are available at the Archeological Museum of Rhodes, which
are believed to be of the 8™ century BC. Most probably these
were lenses used in a workshop, or they were ready for sale
from a workshop. | will measure their focal lengths and is
more than one or two lenses have the same magnification we
can probably conclude that the lenses are meant for sale,
possibly even to mitigate presbyopia, the aging eye condition.
Around forty lentoid, lens-like crystal objects found by H.
Schliemann at Troy are now at the Pushkin Museum, Moscow.
These are assumed to be meant probably for decoration of a
ceremonial suit of royalty or something equivalent. One of the
lenses though is definitely a lens with good quality image. All
these lenses are converging lenses with one spherical and a
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plane surfaces. Some lens-like objects are real lenses used for
magnification?® and perhaps other are perhaps just for
decoration??

20 Sines, G., & Sakellarakis, Y. A. (1987). Lenses in antiquity.
American Journal of Archaeology, 191-196., believe that are lenses
for magnification.

21 Plantzos (1997) suggests that lent-like objects are just for
decorative purpose.
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At least two or three very impressive lenses that are suitable
to mitigate myopia, near-sightedness or short-sightedness,
have been on display at the exhibition of objects from Vergina
at the Archaeological Museum of Thessaloniki, which | have
applied to study.

The use of magnifying lenses by ancient people is evident from
the details of seals that are numerous from many time periods
including the Hellenistic period in Alexandria. A recently
discovered seal form a ring of the 15t century BC from Pylos
proves that humans managed to construct immaculate details
that can be seen in the seal. The fingers of one of the warriors
are accurately displayed with an accuracy of 0.2mm, i.e. half
the diameter of a human hair, with details that are only visible
with special photography techniques like photomicroscopy??.

The theory of optics progresses rapidly and during the
Hellenistic period Heron and Ptolemy flourish in Alexandria
together with mathematics, astronomy, geography, physics,
mechanics, architecture, ship building robotics (automata).
Refraction has been studied on a theoretical basis and
understood. Heron Heron of Alexandria in his Definitiones
explains how refraction happens as the rays of light following
straight lines enter from one transparent medium to another

22 Davis, Jack L. and Stocker, Sharon R., (2016), The Lord of the
Gold Rings: The Griffin Warrior of Pylos, Hesperia: The Journal of the
American School of Classical Studies at Athens, 85, pp. 627-65.
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denser, like water, glass or films or membranes?3. Euclids in
his book Catoptrica gives the theory of constructin of images
from spherical mirrors?* and he gives details on the left
handed images and right handed images from spherical
mirrors and that the image is smaller and he is referred on the
use of more than one spherical mirrors nd he gives
mathematical explanation why the image from the smaller
spherical mirror will be smaller?.

Diogenes Laertius in his Vitae philosophorum and at the
Lexicon Suda they mention that in philosophical schools they
study the physics of the creation of virtual image?®.

B kal kaB' Etepov 6¢ Tpomov UnotiBetal T pév St aibépoc kat

A€pog Opwpeva Kat' eVBelog ypappdg opdobal pépecbal yap nbv
dh¢ kat' evBesiag ypapupdg ooca 8¢ Sladaivetal SU' VEAWV i UHEVWY

f USatog, Katd KeKAAOMEVAG, TA 6€ dalvopeva év TO1G
KOTOMTPL{oUoL KAt AVaKAWUEVAS YWVLOC.

24°Ev 101G KoiAoLG £VOTTTPOLG EKAOTOV TV OPWUEVWY KATA TAV
amnod tol opwpévou gig TO KEVTpov THG odaipag dyouévny eDBeTav
opdtal. And pavepov obv, &TL o o KupTod EvOmTpou To eldwAov
E\aooov daivetal to0 opwpévou and Ev Tolg kuptolg EVOmTpoLg Ta
Aaplotepa 6L paivetal kal ta Se€Ld aplotepd, Kal TO AndoTnua
Ao tol &vormtpou To eldwAov EAacoov ExeL.

25°Ev 10T KUPTOTG EVOTTPOLS Ao TGV EAACOOVWY EVOTTTPWY
é\aooova daivetal ta elbwAa. €otw odalpa pellwv Hev n AT,
éNdoowv 8¢ | EA Tepl 0 alTO KEVTpoV TO O, OUpa SETO B ...

26 gitia tfi¢ katonTpkfic davtaociog
1
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Ancient mirrors

The Greeks use three terms of mirrors: Katontpov, "Econtpov
and’Evonttpov. In Greek”Eo, Ev means inside, Kdt means
against, ot means to look and—tpov, means an instrument, so
these three terms mean an instrument to look trough or
against.

According to Greek mythology the first mirror has been made
by god Vulcan for god Dionysus as described Proclus In
Platonis Timaeum commentaria®’. Construction of a convex
mirror is described by Agathias in Historiae who states that the
convex mirror focuses the rays of the sun on a point [aiyAn,
focal point]%.

It is well known that ancient people, even prehistoric people,
have and use bronze mirrors in Minoan and Mycenaean times
that can be seen at the Archaeological Museums in Crete and
the National Archaeological Museum at Athens. There are
indications that some terracotta shallow vessels, the so called

27 8¢ Kol Tolc Bs0AOYyOLC TO EcOTTPOV ETUTNSELOTNTOC
napeiAnmrat cupBoAov MPOG TV VoegPAV AMOTANpwWOoLY ToU
avtog 810 kal tov Hdatlotov Ecomrpov ¢aaot motfjoal T Alovuow,
elc 6 ¢uBAEPag 6 Bed¢ kal eidwAov £autold Beacdpevog mpofAbev
el¢ 6Anv TNV peplotnv Snuioupylav.

28 Siokov pév yap Tva £00TTPoU Siknv £0KEUOOUEVOV Kal ApEua
Umoko\avopevov talc tod nAlou avtepeidwv dxtiov évemipmia
TG aiyAng’

Ancient Greek Optical instruments, Lenses, Mirrors and possibly Telescopes (?) [work in proress], XKENOPHON MOUSSAS



frying pan vessels of the 4™ and 3 millennium BC, found
around the Aegean and mainly in Cyclades, peculiar containers
for liquids, painted black inside could have been used as
mirrors?®. They fill the vessels with water and use them as
mirrors. There are references on mirrors in the classical
theatrical plays and this means that the spectatros must be
familiar woth the ue of mirrors, hence mirros were not only
for the very rich people and everybody is familiar with
reflections and on the formation of the image.

Apollonius in his work Apotelesmata gives a recipe on how to
construct a metallic mirror alloy using copper, mercury, silver,
gold, lead, tin and crystal°.Mirrors have many applications.

2 Tsountas, C., 1899, Cycladic, KukAadika Il, ArchEph, 74-134.;
Coleman, J. E., 1985, ‘Frying pans’ of the Early Bronze Age Aegean,
American Journal of Archaeology, 89, 191-219.; Papathanassoglou,
D. A., & Georgouli, C. A. (2009). The ‘frying pans’of the early bronze
age aegean: an experimental approach to their possible use as liquid
mirrors. Archaeometry, 51(4), 658-671.; Tsikritsis, M., Moussas, X.,
& Tsikritsis, D. (2015). Astronomical and mathematical knowledge
and calendars during the early helladic era in aegean" frying pan"
vessels. Mediterranean Archaeology & Archaeometry, 15(2).

30 Megpl KATAOKEV G E0OMTPOU SU' 0U WG HUOTAPLA TTAVTA
daivetal AoBe 6¢ mapd xaAkoU, USpapyupou, dpyupou, xpucol,
HOoA{BSou, kKaoottépou kal kpuotalhou, £€ Toou audotepa, Kal
XWVEVOOG KATAOKEU OOV £€ AUTWV KATOMTPOV 0loU LETPOU BOUAEL,
opola 8¢ Eotal avTod f xpoLd KPUoTAMw oL Edu. See English
translation
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Naturally they are meant and used for cosmetics, to mirror
oneself, but also for reflecting light as in the case of Pharos of
Alexandria, to burn the fleet of Marcellus, as Archimedes did,
possibly to have images of astronomical objects, as it is
presented in the following and even for hunting, trapping
animals as Athenaeus in his book Deipnosophistae states
many times3?.

According to the literature the first scientists to understand
the physics and mathematics of reflection are Pythagoras and
his followers, as the so called Pseudo-Galenus (Galen) states in
his book on the history of science (De historia philosophica)?
and he continues by saying that Democritus and Epicure have
studied the formation of images produced by reflection on

31 ntepl 6¢ Thg TRV OpTUYWV Bpac 8iwg lotopel KAéapxog 6
YoAeUC &v T® Emtypadopévy Tept TV €v Tfj MAdtwvoc MoAteiq
HoBOnuatik®g eipnuévwy ypadwyv oltwe ol 6pTuyeg mepi Tov Ti¢
Oxeiac katpov, Eav Katortpov € Evavtiac TIC AUTOV Kol Tpo ToUToU
Bpoyov Tfj, TPEYOVTEG TPOC TOV EUPALVOUEVOV EV TW KATOTTPW
éurintouaty eic tov Bpoyov a description that Atheneaus repeats
three times in his book, information that is repeated by Eustathii
archiepiscopiin his book Thessalonicensis commentarii ad Homeri
lliadem pertinentes.

32 pseudo-Galenus, De historia philosophica ot &rtd MuBaydpou
KATA TAG AvtavakAAoeLS Tiig 6P ewc.
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mirrors, plane or spherical and how the images they produced
are inversed?3.

Plato [Theaetetus] uses such an expression worep £i¢
katontpov fj Udwp, referred to an image produced by
reflection. Aeschylus in a now lost tragedy says that we use
mirrors made of copper [katomtpov €idoug xaAkoc], hence
mirrors to be used in a theatrical play have to be common
place, known to all. It is evident that there are mirrors made of
various materials as Aristoteles3* in his treatise on colours
refers to various colour of various mirrors, and we can
conclude that he has in mind mirrors made of water in a
container with black bottom onside, polished black stones,
copper, silver, gold even. Apollonius the Philosopher in the
book Apotelesmata part of Patrologia Syriaca® gives the

3 Anudkprrog Kai Enikoupog tag Katomtpikds éuddaoslc yiveobat
Kat' eldwAwv £miotaoslg, arvo depecOat pev ad' UV,
ouvictacBal &€ €mi 1ol KATOMTPOU KATA Avtiotpodnv.

34 Aristoteles De coloribus 816 kai kaB' U6atog LSatoeldf pudAov
daivetal, Kal Td &v ToIg KOTOMTPOLS OpolaC ExovTa XpOog TAlC

TV KATOMTPWY, in water the image is rather water-like, and in
mirrors it has the colour of the mirror.

% Apollonius, Apotelesmata, Patrologia Syriaca Nept KATAOKEVAC
£06mTPOU U’ 00 WG puoThpLa dvta daivetat. Aape 5& mapd
xaAkoO, USpapyupou, apyupou, xpucol, HoAiBdou, kaooLtépou Kal
Kpuotahhou, £€ loou apddtepa, Kal XWVELOAG KATAOKEVAOOV £€
QUTOV KATomTpoVv olou HETpou BoUAeL, Opola &€ Eotal altol
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ingredients necessary to create a mirror, copper, mercury,
silver, gold, lead, tin and crystal..

A very important description of astronomical observations
with a kind of telescope, a set of mirrors used as a telescope to
observe celestial objects is given by Flavius Arrianus (c. 85 to

c. 160 AD) who wrote the history of Alexander the Great
[Alexandri anabasis] in his Fragmenta de rebus physicis [about
physics] where he is referred to Democritus, the teacher of
Hippocrates using this “telescope” to observe planets and the
he observed their images3® and he managed to understand the
constituents of the comets. Very interesting is the reference to
a wrong story about Democritus by Plutarchus in De
curiositate where is evident that the great scientist uses
burning mirrors, but of course not to punish, kill himself or to
become blind®’. We can infer that Democritus at least

XPOoLd KPUOTAAMW ol Edu. O&¢ 6¢ BToBev AUTOT TAGKOS HIKPAC
Slapyupdc kal ypadov tadta Evapy®g

36 Anuokpitou 8¢ 6 Adyog Aeydpevog £oTiy, WG Kot Avtidapdv
TOV MAAVWUEVWY ACTEPWY TIPOC AAANAOUG TE Kal ToUC ArmAavelg ol
Kopftat EuviotaoBal dokoliol, kaBdmep MAELOVWY KOTOTTPWV
avTtAapunoviwy odiowv AdN Tiva wdOn doteposldii davtaopara.

37 plutarchus De curiositate 60gv ékeivo pév Pelisoc ot T
AnuokpLTov EKouoiwg oBéoal TG OYPELG ATIEPELOAEVOV ELG ECOTITPA
nupwBévta kal trv an' adt®v dvakhaolv deEAevov, OTWE Ui
napéxwaot B6puPov TRV Stavolayv £€w kahoDoat TOAAKLG, AAA'
£®oLv Evbov oikoupelv kai SlatpiPelv mpog Toic vontolg, Womep
napodiol Bupideg Eudpayeioat ToliTo PéEVTOL TAVTOC LAAAOV

Ancient Greek Optical instruments, Lenses, Mirrors and possibly Telescopes (?) [work in proress], XKENOPHON MOUSSAS



observed the Sun using mirrors and that naturally avoided
destruction of his vision by looking directly at the sun, as he
has studied the possibilities of image formation using concave
mirrors and he knew how to project images and the Sun is an
excellent example that we use even today for students today.
Philosopher Apollonius in his book Apotelesmata states that
we cannot know everything that happens on the Earth at all
latitudes and the sky unless we use a mirror to see clearly3®.Te

AANBEC €oTiy, OTL TV ailoBnaowv dAlya kwvololv ol mAglota tff dtavoiq
XPWHEVOL. Kal yap TA pouosla moppwTdtw TWV NMoAewv i6ploavto,
Kal TV vOKTa poosinov ‘eudppovnV’, péya pog el peaLy TV
{nToupEVWY Kal okEYPLv AyoLUevoL TV nouxiav kai to
anepionactov. [Moralia, first published in 1939. The Greek text and
the English translation (by W. C. Helmbold), pp 469-517 of Vol. VI of
the Loeb Classical Library,
http://penelope.uchicago.edu/Thayer/E/Roman/Texts/Plutarch/Mo
ralia/De_curiositate*.html,

Consequently, though that story about Democritus is false, that
he deliberately destroyed his sight by fixing his eyes on a red-hot
mirror and allowing its heat to be reflected on his sight, in order that
his eyes might not repeatedly summon his intellect outside and
disturb it, but might allow his mind to remain inside at home and
occupy itself with pure thinking, blocking up as it were windows
which open on the street; yet nothing is more true than this, that
those who make most use of the intellect make fewest calls upon
the senses]

38 Apollonius in his book Apotelesmata "Ote oUv BoUAeL T& &mti
101G KAipaowv maotv Tf¢ yiig yvopeva kai év oupav® kai yij eidéval,
BAEYoV kaBap®g kal INap®g petd Tol éoomTpou Kkal BAEme Taldta.
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great mathematician and astronomer Eudoxus hs written a
popular stronomy book entited Mirror (ENOPTRON in Greek)
where he gives a description of the sky. One can assume that
he uses the title mirror for a book that describes the sky,
because they use mirrors to observe the sky.

The philosophers observing comets3® realize that they contain
gasses, jets of gasses, which they rotate. Perhaps the symbol
of swastika is a rotating comet with jets emerging and being
bend by a change of the solar wind. The conclusion that
comets are made of gasses is generalized and this way the
Greeks understood correctly that the stars are concentrations
of hot gasses. It seems that Anaxagoras observed carefully
comet Halley and understood the nature of stars and for this
we suggest that comet Halley to be renamed comet
Anaxagoras. Another astronomical use is mentioned by the
very influential philosopher Aristoteles*® in his book De
Mundo (Nepi Koopou) when referred to the spectrum of light
(Ipig) writes that iris, the spectrum, appears in the reflection of
a part of the Sun or of the Moon when it is in a humid and

39 Moussas, X. (2014). Early Greek astrophysics: the foundations
of modern science and technology. American Journal of Space
Science, 1(2), 129.

%0 Aristoteles De mundoIptg pév olv éotv Epdaoctc fiiou
TUNUOTOG i} 0eANVNG, év VEDEL voTEP® Kal KoAw Kal cuveXel mpog
davraoiav, we &v KATOMTPpW, Oewpoupévn Katd KUKAOU
neplpEpeLav.
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hollow cloud*!. The same description of observations of
spectra seen with mirror is given by Posidonius in his book
Meteorologica description given by Diogenes Laertius, as the
original book by Posidonius has been lost. It seems that, as
Plutarch in the life of Demosthenes describes there were large
sized mirrors too.*? A similar description of Iris is given by the
successor of Hippocrates Galen*3. Anaximander explains the
spectra of the Halo around the Sun in terms of reflection of
the light from the sensed cloud around the Sun*4.

41 yotep® Kal kolAw Kal cuveXET ipdC pavtaoiav, we év
KOTOMTPW, Bewpoupévn Katd KUKAOU TiepldEpeLay

42 plutarchus, Demosthenes “Plutarchi vitae parallelae ... glvat &'
aUTE Héya Katomrpov oikol, ... he has a large mirror at home.
Demetrius the historian, mentions a large mirror used at home, and
we can cinclude that large mirrors were somewhat common €ivat &'
QUTE HEYA KATOTITPOV 01KOL, Kal tpo¢ ToUTo TG HEAETAG £E évavTiag
LOTAEVOV TIEPALVELV.

%3 Galenus in De placitis Hippocratis et Platonis, STwg ) ipLg
ylyvetat kal 0nwg GAwg ftol epl TV RALoV f TV ogArvnv ot T'
avonAtol kal ol maprAtol KKAoUEVOL TA TE SLA THOV KATOTTPWY
opwieva Slepxopevoc, gic avakiaotv OPewc AvadEpeL mavta

4 Anaximander: nept {ptdog dvdkhaowy amnd védoug mukvod Thg
AALaKiG epLdpeyyeiag, katavtikpu &€ tod katomtpilovrog althv
aotépoc SLd mavtoc iotacBalt. mopanmAnociwg 6£ aitiohoyeitol Ta
KaAoUpeva mapnALa, ywvopeva 6& katd tov Movrov.

I ————————————————————————
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Apollonius of Laodicia in his astrological book Astrologia
Apotelesmatica says that we use mirros as telescope to see
crearly object in the sky and on the ground®.

Plutarchus in the book De facie in orbe lunae stresses that
concave mirrors can be used to lit fire covex mirrors not?®.
Plutarch uses the term concave mirror, in his moralia on De
Pythiae oraculis where he states that one can have distorted
images using mirrors plane and concave?’, in fact the is
referred to imaginary images [dacudtwv] and real images
[el6wAwvV]. An even more interesting observation going back
to Thales observing the eclipse using a mirror, i.e. the earliest
predicted eclipse according to Greek literature, is given by the
so called Pseudo-Plutarchus, in Placita philosophorum in the

4 Kal el T& UroxBovia dpdv BéNeLg, BAEYOV KATwOEY TOD
£00TTpOU, Kal £l TA &v oUpav®,

Baoal €ig T dvwtepov puépog told €odmrtpou Kal idolg é€aiola,
Kat el tAv 6Yitv un armo-

oTpEYPELC, €V Aywvida yevioeL.

4 kol yap BAwG TA pév KOTA TV E0OTTPWVY EVTOVWTEPAV TIOLET
¢ ponyoupEvng alyfg TAV AVaKAW-

pévnv, WoTe Kal pAOyaC AvamEpmely mTOAAAKLG, TO 6& KUpTA Kal
A opatpoeldii T@ pn mavroyobev dviepeidelv dobevij Kal dpauvpav

47 év kaTOmTpOLG ETUMESOLG TE Kal KolhoLg kal epLay£ot
daopdtwy [imaginary image] kot el6wAwv [real image] ad' €voc
€l6ou¢ puplag mopaTUMWOELS
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section about eclipses of the Sun*8, where it is written that
Thales first predicted the eclipse of the Sun by the Moon and
underlines that during the solar eclipse one can see the earth-
like nature of the Moon (as one can see the irregularities of
the mountains of the Moon). Albinus in the book Epitome
doctrinae Platonicae or Didascalicus® is referred to plane
concave and convex mirrors that define the type of images
that can be formed.

The Greeks study methodically the physics and use of mirrors.
Lucianus in his book Hippias®® says that children study the
theory of optics concerning the reflections on mirrors and
astronomy. Eudoxus has written a treatise on mirrors>?.

48 pseudo-Plutarchus, in Placita philosophorum Mept ékAeiPewg
AAlou. OaAfic mp&tog Ebn éxAeinmewy TOV RALoV THC ogArvng aUTOV
Umotpexolong Katd kabetov, olong puoel yewdoug PAénecBal 6&
To0TO KATOMTPIKWG UTIOTIOEPEVW TR SloKw.

4 Albinus in Epitome doctrinae Platonicae or Didascalicus kot
TV KATOMTPWV gidwAomnotiog kal twv GAAwv 6oa Stadavii kat Aela
oUK GAwG A Katd dvakAaolv ouvteAeloBal, wg Gv €xn TO KATOMTPOV
KUPTOTNTOG A KOWOTNTOC A LRKkoug Stadopol yap Eoovtol
davraoial, avranwboupévwy TV GWTWV TPOC TA LEPN TA ETepQ,
QAIOALOBALVOVTWY PEV TiiG KUpTOTNTOC, £i¢ 6€ TNV KOAOTNTA
OUVLOVTWV.

0 TAV pév yap mepl AKTivWV Kal AVakAGoEwWY Kol KATOTTpWY
Bewpiay, £tL € dotpovopiav

S1EOS86E0u Emypadouevov BiBAiov Kdtorttpov §dvtoc alt® Kal
Aaflwoavtog Td év a0t katahoydadnv AexBévta nepl TV
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Euclids in Catoptrica®? describes geometrically the reflection
of light on a spherical mirror without the involvement of an
eye and this proves that the notion of rays emitted by the eye
is a misunderstanding of interpreters. He takes the sun as a
sorce of light to have parallel beams of light and describes the
focusing of these lines (rays).

The theory of multiple relfections is studied in Euclids
Catoptrica. It no surprise that Archimedes®? constructs

dalvopévwy PETpW vteival kal Gua elmovrog, we «sudofotepov
TOLETG TOV EDS0oV évieivag Ta map' alT® Kelpeva HETPW.

52’Ek TV KolAwv évomtpwy Tipdc Tov HAlov TeBévtwy nip
g€anrtetal. £otw Kothov Evorttpov T ABT, fALog 86€ 6 EZ, kévtpov &€
tol KOTOMTPOU TO O, Kal &mo tvoc onueiou tol A énilevyBeioa pev
ETILTO O Kkévtpov N AO ékBePANCOW &Ml TO B, MPOOTIEMTWKETW O£ 1
AT AkTig Kol dvakekAaoBw &mi t6 K. dvakAoaoBnoestal 1 £mavw tod
© Kévtpou' ...

>3 Diodorus Siculus in his, Bibliotheca historica ... 6 yépwv ...
£EAYWVOV TL KATOTITPOV ETEKTNVEV O YEPWVY' ATIO 8¢ SLAOTAUATOG
OUMUETPOU TOU KATOMTPOU WUIKpA Tolalta KAtomtpa Belg TeTpanAd
ywvialg Kwvoupeva Aemiol te kal TioL ylyyAupiolg, péoov éketvo
Té0eLkev AKTIVWV TOV NAlou peonuPpuviic kal Bepiviig katl
XELLEPLWTATNG.

And Cassius in his book Historiae Romanae kal TéAog cUumav 1o
VAUTIKOV TRV Pwpaiwv mapadofwe KOATEMPNOE. KATOMTPOV yap Tl
TPOC TOV RALOV dvateivag TV te aktiva autol £¢ alTto eloedétato
Kal Tov d€pa A’ alThig T ukvoTNTL KAl Tf AeloTnTL To0 KATOMTPOU
nupwoag GAOya Te peyaAnv é€Ekauoe Kal maoov aUTAV £¢ TaC valc
OO TV To0 TUPOG 680V OpHoUCaG EVERAAE KAl TACOC KATEKAUOEV.
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hexagonal mirrors that he can move (in four variable angles,
probably two for every hexagonal mirror and two angles for
the system of all mirrors together) remotely and direct them
from a distance, regardless of the position of the Sun, using
strings to focus at a target in the way we use today, even

NASA for the James Webb Space Telescope®*. Anthemius
describes focusing light in burning mirrors, using seven convex
mirrors each one with each own fire, like the cluster of mirrors
used by Archimedes, possibly similar to the Pharos system o
mirrors®. Anthemius describes another complex optical

And in another version we read wg MdapkeAAog &' anéotnoe BoAnv
€Keilvog tofou, EEAYWVOV TL KATOMTPOV £TEKTNVEV O YEPWV, ATO &€
SL00TANATOG CUUUETPOU ToU KATOMTPOU UIKPA Toladta KATOmTpa
Beic teTpamAd ywvialg KlvoUueva AETioL TE KOl TLoL yyyAupioLg
HEoOV EKETVO TEBELKEV AKTIVWV TWV NAlou peonuPpviic kal Bepviig
KOl XELLEPLWTATNG.

>4 Gardner, J. P., Mather, J. C., Clampin, M., Doyon, R.,
Greenhouse, M. A., Hammel, H. B,, ... and Lunine, J. I. (2006). The
James Webb space telescope. Space Science Reviews, 123, 485-606.

SkdAAov 8¢ ) alth E€aiig yevrioetal, £l TETpacty A Kol évte
¢oomnrpolg 600¢ein ta Toladta nupla ava enta Ovia TOV ApLlBuoV Kal
adeot@ol olppeTpov AAAAWY Stdotnua kot' dvaioyiav tod Thg
€€aPews dLaoTAMATOC, WOTE TAG AKTIVAC TAG AT’ AUTQWV TEUVOUOAG
AAANAac MAéov SUvaoBal oLV TNV elpnuévnv EKmUpwoly’ év évi
Yap Tonw TV E0OmTpwy OvTwy Kot 6EuTATOC ywviag ai AvakAdoeLg
AAANAOC TEUVOUGLY, WoTe oxeSOV mAvTa TOV Tepl TOV dfova Tomov
Bepuatvopevov Sla upolicBat kal pn mpog t6 506V Kal pévov
onpelov yiveoBat TV EKMUPWOLY. LA PéV oUV THG TV elpnpévwv
£€0OTITPWV ATOL TUPLWYV KATACKEURG 1] Te EEaLg TPOG TO S0BEV
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system with several mirrors.>® Anthemius describes an
interesting practice at war with strearable mirrors attached on
shields of the soldiers and used to dazzle and blind the army of
the opponents by reflecting easily the sunlight to the eyes of
the soldiers of the enemy®’, so it seams that reflecting the
sunrays in a coherent way was common practice.

This type of seven hexagonal or more mirrors is in use in
modern astronomy and even the James Webb new space
telescope will be using this technique. The Byzantie hilosopher
and historian Michael Psellus (c. 1017 to c. 1096) in the book
Oratoria minora 1017 or 1018, and is believed to have died in

Sdidotnua duvatto yiveoBal kal T GAAa Td pnbévta’ kal yap ol
HEUVNUEVOL TTEPL TWV UTIO ApXLundoug Tol Belotdtou
KataokeuaoBevtwy ékkalootl ol 8L’ €vog éuvnuoveuaoay upiou
GAAG S1A TIAELOVWVY, KAl OLHAL [r} EVAL TPOTIOV ETEPOV TG GO
ToUToU Tol SLacTAUATOC EKKAUCEWC.

%6 gi toivuv v T alT® éruédw ol Héoou KATOTTPOU
TOLOOLEV €lval Kal Ta TEPLE EcOMTpa, N AVAKAAGCLS SNAOVOTL
opoiwg Th maon cuvB£osl yevnosTal

57 §0vatot §€ S1d TH¢ TV alTOV EMUMESWV E0OMTPWVY
KATAOKEURG Kal TV TWV MoAepiwv dpauvpodobat 0P, wg un
kaBopdyv, ormou Badilouaty, el Emépyovtal TV TOLOUTWV KATOTTPWY
ETUMES WV EXOVTAG KATAOKEVAC TINYVUUEVWV TE €V TOIG UTIEPAVW
HEPEOLYV TV AOTIOWV Kol ECWOEV MWG MEPLAYOUEVWY, WOTE TIPOG
ToUC moAepioug, kaBa eipntal, Tag NALAKAC AvakAAoELS TpEmecBal
Kai 8ud tolto ebxep®g [to reflect easily] SUvaoBat, wg sipntay,
aUTOV KataywvileoBat
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1078, although it has also been maintained that he remained
alive until 1096 adds to the description of burning mirrors that
tArchimedes mirrors can that focus automatically can set fire
at a distance®® and he adds that [cat]optrician and engineer
has not olny to follow the appropriate education but
theoretical proofs too>°. Psellus adds that mirrors made of
glass with a layer of tin are much better as the anomalies of
the surface of glass are very small and tin doubles the
reflectability of the mirror and tat all smooth bodies reflect
light regardless if they are a coin, or mage of ilver or proper
mirrors and this shows that theory of reflection is taught
during the Christian times in the Byzantium®°.

The theory on the applications of hexagonal mirrors is given by
Anthemius of Tralles (c. 474 — 533 or 558) an excellent
mathematician and renown architect in Constantinople, the
capital of the estern Roman Empire, the so called Byzantium
that with Isidorus of Miletus designed and constructed the

58 KATOTTPAV T HoL E€eipyaoTo ad' o 6A P AVTOUATWG
£€aANOpEVOV TO €k Slaotrpatog napatifipevov napadofwe tedpol.

%9 6 8¢ ye KATOTTPIKOG Kal UnXavikog, i 6oTic Etepog UTo T&
téooepa tedoin pabriuarta, moAhol ye deroel yvval td Umokelpeva
L XpNOAUeVOG ei¢ amddeléLv talc UmePKELUEVALS APXATC.

0 Michael Psellus Opuscula psychologica, theologica,
daemonologica Nav oc®pa TtV o0 pwtog SeXoUEVOV EVEPYELAV
népuke Kol aUTO TAV aAUTAV AVTUTEUTIELY, EEapETWG &€ T Acla,
Apyuplov, écomtpov, UOwp.
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Hagia Sophia (532-537) at te time of emperor Justinian.
Anthemius wrote an important work on On surprising
mechanisms (Nepl mapadofwv unxavnuatwv) in which he
gives theoretical proofs of theorems concerning reflection on
mirrors®?, Anthemius describes the burning mirros of
Arrchimedes (without mentioning the great mathematician)
with uptiple reflections on many hexagonal mirrors moved
remotely with a system of strings and blades used to burn
from a distance®2.

61 ¢neleVxBw yap Ao tod A émi to I eUBeia, TeTuAcOwW A UM
BAT ywvia &ixa tfj AA e06eiq, katl d1a Tol A voeicBw émimebov
£€oomtpov T0 EAZ mpog 6pBAcg TH

AA g00siq’ SfAov Eotal aUTOBEV €K TRV MPOSESELYUEVWY, WG R
BA dktig mpoormintouoa £mi 10 EAZ £comtpov dvakhaoBbnostal émi
10 " Omep €6eL motfjoal.

62 On surprising mechanisms by Anthemius of Tralles, whose
manuscript tradition depends entirely on the opening bifolium of
the Vat. gr. 218 (critical editions in MGM, 78-87, andCG, 349-59),
tva € pn duoxepailvwpev mAsiootv tolto EmiTATrovteg eUploKopey
yap, wg oUK EAattov k& AvakAdacewv xpnlel to 6deilov é€adOijval
KATAOKEUAOWHEV 0UTWG E0Tw €minedov Eaywvikov ECOTTPOV TO
ABTAEZ kal ToUTtw mapakeipeva £tepa OpoLa E0omTpo £EaywVIKA
KOl CUVNUUEVA TO) TIPOTEPW KATA TAG eipnuévag AB, Bl A, AE, EZ,
ZA £UBelag anod frtovog OAlyw Stapétpou, Suvapeva 6
KwveloBaumepl Tag eipnuévag e0Beiog A Aemidwv cuvamt®v
TPOOKOAAL{OUEVWY a0TOTG A TV AeyoUEVWY YIyAUULwv. ... EoTW
éninedov £€aywvikov Ecomtpov 10 ABMAEZ kal TouTw Mapakeipeva
£tepa OpoLa ECOTTPA EEAYWVLKA KOL CUVNUUEVA TR TIPOTEPW KATA
TAG elpnuévag AB, BI, TA, AE, EZ, ZA e0Beiag amo fittovog oAlyw
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Plutarchus in De facie in orbe lunae describes convex mirrors
or pairs of mirrors inclined at an angle to give four images, two
of them inversed two right handed and two left handed®3.

Slapétpou, Suvapeva &€ KiveloBal mepl Tag ipnuévag eVBelag i
Aenidwv cuvamt®v nPookoAAIoUEVWY aUTOTLG | TWV AeYOUEVWY
VYWYAUHLWV. €l Tolvuy €v T® a0T® Erunédw tol LECOU KATOMTPOU
TIOLGOHEV ElvaL KOl T TEPLE EcomTpa, 1) AVAKAaoLS SnAovott
opolwg tfj taon ouvBEael yevroetal. i 6& puévovrog tol pécou
WOoAVEL AKLVATOU S1a TwvoG mvoiag eVXEPRG TIPOCTIBEUEVNG
amavta Ta népLE €mi 1O péoov Emveloopey, Sfjlov, we katl at art'
aUTWOV AVAKAWLEVOL AKTIVEC ML TOV HETOV TOTOV ToU €€ ApXig
£€gomntpou napayivovrtal. To alTo 61 mololvteg Kal £Tepa MEPLE
TepLTIBEVTEG TRV lpnuévwy EoomTpa Kal Suvapeva veUeLy £l TO
HETOV Kal TAG A’ auTt®v AKTIVAG £i¢ TO aAUTO cuvVayAYyWHUEY, WOTE
OUVAYOUEVOC ATIACOG KATA TOV elpnuévov Tpomov Thv E€adty v T®
800&vTL oMW motfoal.

see Acerbi, F. (2011). The geometry of burning mirrors in Greek
antiquity. Analysis, heuristic, projections, lemmatic fragmentation.
Archive for History of Exact Sciences, 65(5), 471-497.
https://doi.org/10.1007/500407-010-0076-8.

83 Plutarchus in De facie in orbe lunae ... §' inelv 6t 16 npog loag
yiveoBal ywviag dvaklaowy ndoav olte ¢pavopevov adtobev oo’
OLOoAOYOUUEVOV €0TLY, AAAA SlaBAMAeTal PEV €L TV KUPTOV
KaTOmTpwy [convex mirrors], 6tav éudacelg oLl peilovag Eautiv
TPOC €v 10 Thic 6YPewc onueiov, Stafarletal & Toig SutTuxOoLg
katonpolg [double mirrors, pair of mirrors], @V mkALOEVTWY
[inclined] mpdg GAANAQ Kal ywviag VoG YEVOUEVNG EKATEPOV TWV
Erunédwy St Eudoaoty amodidwol kal MoLeT TETTOPAC EIKOVAC
[four images] ad' €vog mpoowrou, U0 peV AvtloTpodouc Tolg
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Plutarch describes multiple reflection o convex mirrors with
light rays following straight lines ending in our eyes.
Olympiodorus in his comment on Aristotle’s meteora®* says
that we should not observe the Sun with a mirror, as we can
do observing thw iris (spectrum) of a cloud.

There are around 1000 references to mirrors in religious texts,
the New Testament by Paul the Apostle in his First Epistle to
the Corinthians and numerous more by prominent theoligians,
like Basilius, Joannes Chrysostomus, Gregorius Nyssenusm,
Gregorius Nazianzen, wich probably means that all the
common people know very well the use of mirrors, as they are
frequently referred to the qualities of the image for example,

£€wOev dplotepolic uépeot, SUo &€ Seflodaveic AAN' ApaUpAg €V
BaBeL TV katomTpwy, and repeats Stafaletal pév Emt TV KUPTOV
KATOMTPWVY, OTav EUPACELC TtoLf] Hellovag EQuTV IPOG £V TO THiG
dPews onuetov, SLaBAANeTAL 8& TOTC SUTTUXOLS KATOTTPOLS, WV
ETUKALBEVTWVY TTPOG AAANAQ Kal ywviag EVTOg YEVOUEVNC EKATEPOV
TV EmuéESwv Sitthv €udaoty anodidwal kal ToLel TETtapag
eilkovag ad' €vog mpoowrou, U0 HEV AvTLoTpOdOoUG TolG EEwBeV
[dploTepoic] pépeot, 6o &€ SUo &€ beflodaveic GAN' Apaupag v
BAOEL TGV KATOMTPWY. WV THC YeVESEWS TV aitiav MAdTwv elpnke
yap Ot tol katontpou €vbev kal €vBev UPog AaBovtog
UmoAAATToUoLWY al OYeLg TV AvakAaoty ano Thv ETépwv £mi Odtepa
HeTaminTouoav. inep olV TGV SPewv UOUC TPOC HUAS ...

6 Olympiodorus in Aristotelis meteora commentaria
évortpilecOat v TQ) védeL WOoTEP ETL TRV KATOMTPWY, KAl OV TPOG
TOV fALoV, W¢ yiveaBal TV (pLv.
]
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that depends upon the anomalies of the surface and to the
reflecton of the Sun on a mirror that they compare with tht
image of God or Jesus that we perceive. Almost all comments
are refered to the Apostole Paul epistule to the Corinthians
sentence on mirror « now we see as in a dazzled, blurred mirror
and we have unexplained riddles ».

Complex ancient optical instruments, multiple
reflections, possibly telescopes

The use of multiple mirrors is mentioned by many
philosophers. The Astronomer Geminus in his Fragmenta
optica defines catoptrics as the science that studies multiple
reflections®, even around turning mirrors.

Is it really possible that ancient people, philosophers and
scientists constructed complex optical systems, instruments
and even telescopes? We tend to belittle, to underestimate,
the ancient people, despite the fact that all the foundations of
our present day civilization have been prepared very carefully
by the ancient philosophers and scientists, we tend to forget
that today’s philosophy, technology, science, medicine,
architecture and everything are just the continuation of the
ancient. We do not expect the ancient people to have

5 katomtpkov 8¢ Aéyetal dAooxepéoTtepov HéV TO TiEPL TAG

AVaKAGOELG TAC ATO TV Aeiwv, o0 pdvov Tepl Ev KATomTpoy, €oTL &'
ote kol nepl mAelw otpedpouevov
]

Ancient Greek Optical instruments, Lenses, Mirrors and possibly Telescopes (?) [work in proress], XKENOPHON MOUSSAS



developed optics either. Alexandrian philosophers and
scientists in fact have developed all the means, theoretical and
practical in optics. In ancient Greece they use the term
catoptrics for optics of today, as the mainly deal with mirrors.
The wealth of scientific and philosophical terminology proves
the advancement of science and philosophy. Hesychius of
Alexandria, who lived during the 5th or 6th century AD has
written an old Encyclopaedia® based on previous similar work
by Aristarchus of Samothrace, Apion of Alexandria and and
Heliodorus of Alexandria, where he defines of 50,000 rare
Greek terms that he has prepared using the Library of
Alexandria, many of them of philosophy, science and
technology. Hesychius gives an account of spectacles, in his
lexicon that describes a scientific instrument called astravister
(dotpaplotnp), the etymology means an instrument that
makes it right, or that it corrects the vision, usually assumed to
be an instrument used in levelling for architecture and
surveying and opening tunnels. Hesychius explains that it is an
instrument like dioptron®’. He also describes the diaetron

% called Suvaywyf Maoc®v Aé€wv KoTd IToEToV €K Twv
Aplotapyou kat Antiwvog kat HAtodwpou

67 Hesychius, Lexicon [Zuvaywyn Mao®v Aé€swv Katd Itotxelov],
entry 7886: aotpaBiotip 6pyavov T, wg iomtpov and he writes in
entry Slattpov (something that consists of two items, that it is a
dioptron [6iomtpov] that is transparent [Stadaveég] and for the term
katontpa[assumed to be mirrors in plural, he explains that it is a
dioptron &iomtpov.
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(6lattpov) which is another optical instrument that consists of
two items, possibly lenses, which it is a dioptron [8iomttpov]
that is transparent [6tadavég] and for the term catoptra
(katomtpa), assumed to be mirrors in plural, he explains that it
is a dioptron dlomtpov.

In another lexicon, an encyclopaedia by Pseudo-Zonaras we
learn that dioptra® is an instrument with a mirror. Dioptra in
Modern Greek means telescope and perhaps Zonaras is
refered to an instrument that enables to see from a distance.
It is a geodetic instrument too that enables to measure the
hight of the walls of the enemy from a distance® and used in
coonstructions too.

It is believed that Nero’® had myopia and had to use a lens
made of emerald’! to see the games, the gladiators fighting.

8 ALdTITpa KATOTTPOV.

6 { unxavikov texvoUpynpa, St ol ol yewpETpat AmekpiBouv THv
TV EMAAEEWVY €K SLAOTALATOC AVAUETPNOLY

0 lidem," (Smaragdi) " plerumque et con- cavi, tit visum
eolligant, Quapropter decreto hominum, its parcitur, scalpi vetitis.
Quorum vero corpus externum est, eadem qua specula ratione,
supini, imagines rerum reddunt. Emeralds are mostly concave, that
they may collect the sight. Hence, by the common consent of men,
they ...

"INero’s Emerald (1926)The British Journal of Ophthalmology
10.9: 489-494; Esser A. (1951) Nero's emerald glass, Klin Monbl
Augenheilkd Augenarztl Fortbild.;118(2):185-7.; Markovic A., (1954)
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The Greeks used spherical water containers made of glass for
magnification’2. Russo discusses the possible use of
telescopes. Russo noticed that the term auAdg, tube, that
might be a misprint of the term VaAo¢ (glass, and hence lens),
to mean a telescope made with two lenses at the end of a
tube.

Philolaus (probably c. 470 — c. 385 BC), the well-known
Pythagorean philosopher that mentions a non-geocentric
Cosmos, introducing a quasi-heliocentric system, discussing
the nature of the Sun’® states that the local star is made of a
substance that is glass-like, that focuses the light of the
cosmos and like a concave mirror. Hence we can conclude that
at the time of Pythagoras the focusing qualities of both lenses
and concave mirrors were well known to the scientific and
philosophical community.

The question of Nero's emerald representing a dioptric or a
catoptric object, Wien Klin Wochenschr. 66(42):811-4. In German.;

2 Rubin, M. L. (1986). Spectacles: Past, present, and future.
Survey of Ophthalmology, 30(5), 321-327.

3 pseudo-Plutarchus, Placita philosophorum: ®\éAaog 6
MuBayopelog UaAoeldi, SexOpeEVOV PEV TOD €V TR KOOUW TIUPOC THV
avtavyelav, StnBolvra 6& mpog NUEC TO PG, WOTE TTPOCEOLKEVAL
AALW TO €v T® oUpav® Mup®DEEeC TO Te &) &' avtol Kal
£€oomTpoelSEC, Kal Tpitov TV amnod tol €00mTpou Kat' AVAKAAGLY
SlaoTElpOpEVNY TTPOC AUAG OUYAVY" KOl YOp TOUTNV TPOCOVOUATOUEY
fjALov oiovel eléwAov eidwAou.

I ————————————————————————
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The great philosopher and statesman Posidonius that was an
important astronomer and physicist with good knowledge of
mathematics, who had a Philosophical School (University) at
Rhodes, with many important students including Cicero
informs us that Democritus’® has observed stars and comets
with complex astronomical instruments made with multiple
reflections and concluded that the comets are made of many
stars together. It seems that Democritus probably has
observed a fragmented comet that passed near the Earth.
Democritus and Anaxagoras in Scholia In Aratum are said to
have used mirrors (in plural) to observe comets’ that are
made of two planets (movingbodies).

Posidonius in another fragment says that mirror observations
and images include clouds, spectra (iris), halos, comets etc’®.
Posidonius trying to explain the phenomenon of coloured halo
around the Sun or the Moon suggests a circular arrangement

74 posidonius: Anpokpitou 8& 6 Adyog Aeyduevag £o0TLy, WG KaT'
avtidapPv Thv mMAavwEVwY Aotépwy pog AAAAoUC Te Kail Tolg
amAaveic ot kopfitat uvictacBbal Sokolal, kabdmnep MAELOVWY
KATOMTPWY AVTIAQUIOVTWY adiowv fdn Tva wdOn dotepoeldi
davraouara.

5 Anuokprroc 8¢ kai Avafaydpag katd cUANYLY Svo
TMAQVWHEVWY NVika TMAnciov AAANAWV yévwvTal KoBdmep €0OMTpWY
avtlopovtwy GAAnAoLg tolg kopntag cuviotagbal Aéyouot.

76 qitia Th¢ katomTpikic pavraciog, drwe védpn ocuviotartal,
Bpovrtal kat ipLdeg kat AAwC Kal Kopftat Kal Td maparmAnoLa
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of many small mirrors that construct a big circular mirror
around the celestial object’” and as they are very small all one
can observe is the colour’®.

An interesting reference to a mirror and a dioptra made by the
theologian Gregorius Nyssenus in the book Adversus Arium et
Sabellium de patre et filio where he states that as we see our
image in a mirror we can see too the Father with a dioptra’®.

77 &id' 00 TO EMEKEWD TLAAWY UEANOV HEV CUVECTNKEV, OMOAEC &'
OV KOl UUKPOUEPEC CUVEXT KAl LKPOL KATOTITPO KATA THV ToU KUKAOU
nieplpEpelav loxel, mPog & katd PEvV Tolg TRV THG OPew AvakAaoLv
aitiwpévoug n oYL mpoonecoloa AvakAacBeioa mpog 1O Gotpov
TV ¢ GAw davtaciav moLel, katd 6& TO AANBES TO GG TO Tol
AOTPOU MPOOTITITOV TOIC MPOELPNUEVOLG KOTOTTPOLG, EMELTA ML THV
o v oploav avakAaoBev te kal SLadoBEv molel TV dpavtaciav
T GAW.

8piv 8¢& glvat alyac &' Uyp&v ved®dV AvakekKAAOHEVOS f, WG
Mooeldwviog dnowv év tf) Metewpoloyikii, Eudacity AALOU TUAMATOG
| oeAnVNG év vEdel SeS6POTLOUEVW, KOIAW Kal ouveXel POG
davraoiav, we &v KATomTpw davralopévnv Katd KUKAoU
nepLpEpeLay

9 kal 8U' €autol Worep S éodmTpou O GAov AUV péyeboc Tod
Be00 napadnvag, (v' Gomep SLOmMTpa TOUTW XPNOAUEVOL Kal ToD
natpog Beatal yevwueba
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Theoretical study of a parabolic mirror

Optical systems at Pharos?

The renowned lighthouse of Alexandria, the Pharos, one of the
Seven Wonders of the World, has been sheding light 50 km,
some even say 300 km, to the sea guiding sailors in southern
Mdeterranean sea. This remarkable building has been
standing from 280 B.C. until 1350 A.D., when is has been
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demolished by a serious earthquake®. There are some
references and indications concerning possible optical systems
used at the Pharos. An ancient Arab scholar, the geographer Al
Mugaddisi (also el-Mukaddasi or al-Maqdisi, 945/946 - 991)),
in his book “Guide for Alexandria” [p. 104] states that a mirror
was used as a telescope at the top of the Pharos with which
they could see every ship passing by at a distance. Here we
have a similar detailed description of telescope made of a
mirror of glass from another book The Itinerary of Benjamin of
Tudela®?, a Jewish geographer (born at Tudela, Kingdom of
Navarre, 1130 — Castile, 1173) On the top of the tower there is
a glass mirror. Any ships that attempted to attack or molest
the city, coming from Greece or from the Western lands, could
be seen by means of this mirror of glass at a distance of twenty
days' journey, and the inhabitants could thereupon put
themselves on their guard. Benjamin continues describing how
a Greek captain destroyed the telescope so that they could not
see the Greek and other boats travellig in the Mediterranean
and thereafter the Greeks could recapture Crete and Cyprus.

80 H. Thiersch, (1909), Pharos, Antike Islam und Occident — Ein
Beitrag zur Architekturgeschichte;B. G. Teubner, Leipzig und Berlin
1909.

81 The Itinerary of Benjamin of Tudela, by Benjamin of Tudela,
The Project Gutenberg EBook, Critical text, translation and
commentary, By Marcus Nathan Adler, first published by Philipp
Feldheim, Inc. The House of the Jewish book, New York, First
edition: Henry Frowde, Oxford University Press, London, 1907
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Al-Hassan al-Heitham?®?, called Ptolemaeus Secundus (965 -
1040) has studied optics at Cairo, the eye the lenses as well as
mirror focusing of convex, concave and especially cylindrical
mirrors. It is very probable that the Pharos had a “cylindrical”
mirror used as a telescope, based on the works of Archmedes.
This type of cylindrical mirror at the top of the Pharos could
have been a paraboliodal mirror probably combined with a
hyperboloidal mirror. This hypothesis is based on the work of
Archimedes that survived in Arabic translation by Thabit ibn
Qurra (836—901) and into Latin by Gerard of Cremona (1114—
1187).

AbU ‘Al al-Hasan ibn al-Hasan ibn al-Haytham usually named
Al-Hassan al-Heitham has written four books of which only
one survived. One book summarizing Optics based on the two
books of Euclid and Ptolemy, with he has added the notions,
one book Treatise on Burning Mirrors and one more on the
Nature of Sight and How Vision is Achieved®, and three more

82 Rashed, Roshdi (2007), The Celestial Kinematics of lbn al-
Haytham, Arabic Sciences and Philosophy, Cambridge University
Press, R. Rashed (1968), Le Discours de la lumiéere d'lbn al-Haytham
(Alhazen), Traduction frangaise critique, Revue d'histoire des
sciences et de leurs applications. 21, 3.

8 Alhacen’s theory of visual perception: a critical edition, with
English translation and commentary, of the first three books of
Alhacen’s De aspectibus, the medieval Latin version of Ibn al-
Haytham'’s Kitab al-Manazir, edited by A. Mark Smith (2001),
Transactions of the American Philosophical Society; 91, 4 and 5, 14.
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treatises entitled Treatise on Spherical Burning Mirrors,
Treatise on Parabolic Burning Mirrors and Treatise on the
Burning Sphere.

/These medieval scientific books on optics are very important
and they show that based on Alexandrian philosophers works,
most of them now lost, of Euclide, Diocles, Apollonius,
Archimedes, Heron, Ptolemy and other, medieval, mainly
Islamic Arabic scientific texts continue developing optics and
that there is continuation in science. In some of these books
optical systems of the pharos are mentioned and this proves
that there were advanced optical systems at the Pharos, for
observing the ships at see and to direct the light towards the
Mediterranean.

The polymath Giambattista Della Porta®* (1535 — 1615) in the
book Natural Magic (1589) describes the telecope of the
Pharos as reported by Reeves® in her book Galileo's
Glassworks: the Telescope and the Mirror presents the possiblr

8 Giambattista della Porta, Magiae naturalis libri XX in quibus
scientiarum naturalium, divitiae et deliciae demonstrantur, Napoli:
Horatium Salvianum, 1589; 1658 English version, Natural Magick by
John Baptista Porta a neapolitane in twenty books, London; Della
Porta, G. (1957) Natural Magick, Basic Books. See also Della Porta,
G. (1999). De refractione optices parte: libri novem... Ex officina
Horatii Salviani, apud Jo. Jacobum Carlinum, & Antonium Pacem.

8 Reeves, E. A. (2009) Galileo's Glassworks: the Telescope and
the Mirror, Harvard University Press.
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use of a telescope at the top of the Pharos, perhaps made with
the combination of a mirror and a lens. In an English version of
Della Porta Natural Magic has a chapter on how to use lights
at a very large distance using a parabolic mirror obliquelly (7t
book, chapter XVI, On strange glasses).

Theoretical study
of a “cylindrical”
mirror, or a
hyperbolic mirror.
These can be
used as a kind of
telescopes.

The principle od
fiber optics is

implied by this
study.

The “telescope” at the top of the Pharos could have been
constructed by a mirror, a parabolic mirror, a hyperbolic
cylindrical mirror, as there are scientific texts studying this
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type of optical instruments. Another optical system has been
in use probably to direct the light at the appropriate
directions. A simple and effective system based on the
theoretical knowledge of conical mirrors, parabolic and
hyperbolic and experience they could construct two cylindrical
mirrors, one parabolic and one hyperolic, with other possible
variations. The reason to use cilindrical mirror is that the
quality of reflection at very large reflection angles is better
than at small angles, especially if the anomalies of the metallic
mirror are large. This type of reflection is in use at space
telescopes working at very small wavelengths, for X-rays. They
have been used for the first time by ROSAT®® to observe the
Cosmos in X rays. A similar system of mirrors is suitable the
Pharos to focus the light from the fire at the base to the top to
be redirected with a system of mirrors perhaps conical like the
one suggested by H. Thiersch in 1909 and ancilary mirrors for
the direction of beams along the surface of the sea. In fact if
the beams of light are directed towards the smoke above the
Pharos or even better towards some nearby clouds then the
lighthouse light becomes visible at much larger distances than
the actual height of the building permits. This type of
reflection of light at a height makes the lighthouse visible at
very large distances, as much as 300 km that are mentioned by
some authors that otherwise seems more as an exaggeration.

8 Sumner, T.J., J. J. Quenby, R. Lieu, J. Daniels, R. Willingale, X.
Moussas (1989), Susceptibility of soft X-ray grazing incidence
telescopes to low energy electrons, Monthly Notices of the Royal
Astronomical Society, 238, 1047-1054.
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Multiple reflections in cylindrical mirrors, parabolic and
hyperbolic, like the ones suggested in this study, have been in
use in antiquity as the book by the Archbishop of Canterbury
and important scholar proves. Johannes Peckham, who taught
at Oxford, in his book, published two centuries after his death
in Venice, entitled Perspectiua communis (Common Optics
[Perspectivness]), contains the study of multiple reflections of
light inside a cylinder, a precursor of fiber optics, in fact.
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Hypothetical mirror system
of the Pharos.

It consists of two sets of
concentric mirrors. One set
parabolic mirrors and one
set of hyperbolic mirrors.
The use of a quasi-
cylindrical mirror
(hyperbolic or parabolic)
gives better reflection for a
given quality of the mirror
surface. The combination
of a parabolic and a
hyperbolic mirror gives
better focusing. The fire is
a the bottom. The light is
guided to the top. A
conical mirror can shed the
light parallel to the sea.

The conical mirror can be shaped so that it directs the light is
some directions only, not 360 degrees around. An angle of
some 200 degrees is sufficient to direct the light to the sea all
around Alexandria, taking into account the shape of the coast
of Egypt. If the light is sufficient it can be visible to 300 km,
with appropriate conditions of temperature and humidity.
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