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Preface

The scope of the present work is sufficiently indicated by
the title. No attempt is made to discuss the architectural
achievements of Anthemius, for his merits have been well de-
scribed in books on St. Sophia from Procopius onwards. My
purpose in writing has been to illustrate one aspect of the
intense mathematical activity which occurred during the reign
of Justinian. In certain respects his treatment of conic sections
in the mepi mapadéfwv pnxarnpdrev and in the Fragmentum Bobi-
ense maintains the standards of the Hellenistic masters.

I hope, therefore, that this study will help to withdraw
Anthemius from the obscure place he has hitherto occupied
in the history of Greek Mathematics. My deep indebtedness
to previous researchers, notably to J. L. Heiberg and to Sir
Thomas Heath, will be evident from the many references to
their writings.

Finally, it is a pleasure to thank the authorities in the
Widener Library, where the study was written, for the use of
the unexcelled facilities of that admirable institution.

G. L. HuxLey
Cambridge, Massachusetts
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Anthemius and His Contemporaries

Anthemius was born at Tralles in Lydia, and belonged to
a gifted family. His father, Stephanus, practiced medicine, in
which profession he was followed by his sons Dioscorus and
Alexander. Another son, Olympius, was a lawyer, a fourth
Metrodorus excelled in literary studies, and Anthemius him-
self was famous as an architect, geometer, and physicist.* Pro-
copius describes the work of Anthemius in his treatise On the
Buildings Constructed by the Emperor Justinian, where we
are told that he was the architect commanded to reconstruct
the church of St. Sophia, which had been destroyed during the
Nika riot.> He was assisted in the undertaking by the engi-
neer, geometer, and architect, Isidore of Miletus. Procopius
names Anthemius in terms so laudatory that evidently he en-
joyed a considerable reputation in the Eastern Roman Empire.
He was on another occasion consulted by the Emperor about
means of preventing flood damage at Daras in Mesopotamia,
when Isidore was also asked for his opinion; the advice of
neither was taken.

In his account of St. Sophia Procopius emphasises the
soundness of the architectural principles applied by Anthe-
mius. He remarks that the stones were bonded, neither with
cement, nor with bitumen, such as Semiramis used at Baby-
lon, but with molten lead.?

Paul the Silentiary, who in A.p. 562 read his poem The
Description of St. Sophia during the ceremonies held when
the Church was rededicated, generously praises the architec-
tural achievement of Anthemius; his death had prevented the

1 Agathiag, ed. B. G. Niebuhr (Bonn, 1828), 289 lines 19ff. F. Brunet, Oeuvres
médicales d’Alexandre de Tralles, 1 (Paris, 1933), 4.

2 Procopius, De dedificiis, 1,124 ed. J. Havry, Vol 3.2 (Leipzig, 1913).

3 Procopius, 1, 1, 53, ué\Bdos é& répa xvlels. Agathias (ed. Niebuhr [Bonn,
1828], 295 line 13) mentions iron clamps.
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master craftsman from witnessing the completion of his work,
which the baroque versification of Paul, recalling by the rich-
ness of its vocabulary the Dionysiaca of Nonnus, aptly com-
memorates. Paul adds little to our knowledge of Anthemius,
but his praise of the architect and his vivid allusions to the
damage caused by an earthquake deserve notice.*

In one passage Paul calls him wolvpijxaves,” an epithet
which alludes as much to his craftiness of disposition as to his
architectural skill, as the following anecdote indicates. Ac-
cording to Agathias,® whose work continued the history of Pro-
copius as far as A.p. 558, a personal enemy of Anthemius, Zeno
the orator, lived in a building adjacent to the house of the
architect. Having been worsted in a lawsuit by Zeno, Anthe-
mius decided to take vengeance with the aid of physical
science. In a room which extended beneath the property of
Zeno, he placed several cauldrons full of water. These he
covered with large skins, so that the steam could not escape
when they were heated. The steam was conducted in leather
pipes, shaped like inverted trumpets, to the underside of the
well-furnished room where Zeno lived. The pressure of steam
against the floor boards was so great that they vibrated, and
the occupants of the house, imagining that there was an earth-
quake, fled the building.” Zeno subsequently lost much popu-
larity because he made ill-omened remarks to acquaintances
about the supposed recent earthquake. Agathias embroiders
his story with personal anecdotes and is unable to describe
exactly the method used by Anthemius. It is probable, how-
ever, that Anthemius, who was well read in Hellenistic science,
used a method borrowed from Hero of Alexandria, in whose
works methods of conducting steam are described.®

4 Paulus Silentiarius, Descriptio S. Sophiae, ed. B. G. Niebuhr (Bonn, 1837),
lines 267-278.

5 Cf. G. Downey, Byzantion, 18 (1946-/48), 200.

6 Agathias, ed. Niebuhr (Bonn, 1828), 291, lines 11ff. E. Gibbon, Decline
and Fall of the Roman Empire, ed. Bury, 4 (New York, 1914), 258-260.

7 B. Darmstaedter, “Anthemios und sein ‘kiinstliches Erdbeben’ in Byzansz,”
Philologus, 88 (1933), 477-482. N. H. Baynes, Byzaniine Studies and Other
Essays (London, 1955), 37.

8e.g., Hero Alexandrinus, ed. W. Schmidt, 1 (Leipzig, 1899), 314, line 6ff,
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Agathias also relates that Anthemius devised a system for
making a great noise in order to annoy Zeno, and a reflector
to blind him. The reflector seems to have been similar to the
curved reflector described in the wept wapadéfwr pnxarmudrev.’
When Zeno discovered the cause of the nuisances he dragged
Anthemius in front of the Emperor himself, who observed that
he was unable to combat the combined power of Zeus the
Thunderer and of Poseidon the Maker of Earthquakes.

Anthemius lived at a time when interest in mathematics
was strong. His colleague Isidore was a considerable mathe-
matician, whose reputation is attested in the rules given in
the so-called Fifteenth Book of Euclid’s Elements and attrib-
uted to “'Isidore our great teacher.”*® Eutocius dedicated his
commentaries on the Conics of Apollonius of Perga' to An-
themius, and addressed him with such warmth of friendship
that it is possible that they studied together at Alexandria.'®

Anthemius died in Ap. 534" He was well-known to
Tzetzes™ as a writer on paradoxes, and enjoyed a considerable
reputation amongst Arab mathematicians. In the thirteenth
century Vitello made use of him;' afterwards we hear nothing
about his influence until the first edition of the fragment on
Burning Mirrors by L. Dupuy in 1777.%¢

9 Agathias wrote: dloxor wméy vdp Twa éoémTpov Sikmr édokevaguévor, xkai fpens
brokohawbuevor Tais ot HNov dvrepeldwy drricww évemiuymha THs alyhys. [Vwoxhuwsd-
uevor Dupuy, infra note 30].

10T, I, Heath, The Thirteen Books of Euclid’s Elements, Dover ed., 3
(New York, 1956), 520.

11J, L. Heiberg, Apollonii Pergaet quae exstant, 2 (Leipzig, 1893), 168,
290, 314, 354.

12 P, Ver Eecke, Les Opuscules mathématiques de Didyme, Diophane, et
Anthémius (Paris and Bruges, 1940), xx.
13 F. Hultsch, “Anthemios,” Pauly-Wissowa-Kroll RE I, 2368.

14 Tzetzes, Chil. II, 35, line 151, ed. T. Kiessling (Leipzig, 1826). Cf.
tbid. XII, 427, line 975.

15 Vitello, Perspectiva 1X, 39-43. J. L. Heiberg and E. Wiedemann,
Bibliotheca Mathematica, 103 (Leipzig, 1910), 236.

1861, Dupuy, Mémoires de UAcadémie des Belles Lettres (de Paris), 42
(1786), 392-451. Fragment d’un guvrage grec d’Anthémius sur les paradozes de
mécanigue (Paris, 1777) in 4o. I have not seen this, -
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Previous Editions and Studies of Anthemius

Dupuy’s original edition was printed in 1777 at the Im-
primerie royale, Paris, with the title, Fragment d’un Ouvrage
grec d’Anthémius sur les paradoxes de Mécanique. His work
was reedited in the Mémoires de I'Académie des Inscriptions
et Belles Lettres [de Paris], 52 (1786), 392-451. A sup-
plementary note, “Sur le troisiéme probléme d’Anthémius,”
appears in the same volume’s Histoire, 72—75, wherein some
criticisms of Dupuy’s original publication, made in the Bibli-
otheca Critica, Volume II, Part II (Amsterdam, 1781), 1264,
are answered. The title of the second edition of 1786 is Frag-
ment d'un Ouvrage grec d’Anthémius sur les paradoxes de
mécanique. Revu et corrigé sur quatre manuscrits, avec
une traduction frangoise, des notes critiques et des observa-
tions, et les variantes tirées d’un manuscrit du Vatican, par
M. Dupuy. The text of the 1786 edition was improved owing
to the consultation by de la Porte du Theil of the Vatican MS
gr. 218. '

In 1801 ]J. G. Schneider published at Jena and Leipzig
his Eclogae Physicae historiam et interpretationem corporum
et rerum naturalium continentes ex scriptoribus praecipue
graecis excerptae, in usum studiosae literarum Juventutis, in
two volumes. The middle passage of the fragment of Anthe-
mius is to be found in Volume I, p. 402f., § 40-53.

A. Westermann included the wepi mapadéwy pnxarnudrov
of Anthemius in his Paradoxographi published in Braun-
schweig and London in 1839, together with an account of the
manuscripts, which is marred only by the erroneous implication
that Dupuy used the Vaticanus in his first edition of 17777
He remarks: “Ego vero de meo nihil addidi, emendationem

17 Praefatio, zvin-ziz.
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si qua opus est rerum mathematicarum peritioribus relin-
quens. Ceterum hoc opere Anthemius meruit cognomen para-
doxographi, quo eum appellat Tzetzes " Westermann
provides a serviceable text. Heiberg’s definitive text given in
his Mathematici Graeci Minores (Copenhagen, 1927)*% is
used in the present study. Ver Eecke’s translation into French
has also been consulted.

T. L. (later Sir Thomas) Heath published in 1907 a
critical study entitled “The fragment of Anthemius on .burn-
ing mirrors and the Fragmentum Mathematicum Bobiense”
in Bibliotheca Mathematica, Folge 111, Band VII, Heft 3, p.
225-233; an English translation of two passages relating to
the ellipse and parabola is given. J. L. Heiberg’s text is a
critical edition, based on the Vatican MS. Finally, P. Ver
Eecke’s book contains a French translation preceded by use-
ful notes on Anthemius together with an account of previous
editions. Works primarily concerned with the Fragmentum
Mathematicum Bobiense, but mentioning Anthemius, are dis-
cussed later.

18 Mathematici Graeci Minores, T1ff. Det Kgl. Danske Videnskabernes
Selskab. Historisk-filologiske Meddelelser, 13.3 (Copenhagen, 1927).
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IIEPI MTAPAAOEQON MHXANHMATON

Translation and Notes

a. ¥t 1s required to cause a ray of the sun to fall in a given
position, without moving away, at any hour or season.

x

<
" (xeepusn)
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Let the given position be at A, and through A let a
meridian line AB be drawn parallel to the horizon, as far as
the slit or door through which the rays are required to pene-
trate to A. Let B be drawn through B normal to AB, so
that it is equinoctal. And let there be another straight line

TOEPI ITAPAAOSEON MHXANHMATON 7

BA, for the summer solstice, and similarly let BE be a winter
ray. Let there be taken at an appropriate distance from B,
according to the size of the reflector we desire to construct, on
the winter ray first, a point Z on BE. Join ZA.

Next let the line ZH bisect the angle EZA, the point H
being conceived between the winter ray and the equinoctal
ray, as lying on the line bisecting the angle EZA which is
produced to @. If we suppose a plane mirror to lie along the
straight line HZ, I say that the ray BZE striking HZ® will be
reflected to the point A.

For since the angle HZA equals the angle EZH, and the
angle EZH is equal to the vertical [kard kopudijy ] angle OZB, it is
obvious that the angle HZA is equal to the angle ®ZB. Then
at equal angles the ray BZ will be reflected to A along ZA.

Similarly we shall cause the equinoctal ray to be reflected
as follows: let the straight line HA be joined, and with centre
H and radius HA'Y let an arc be drawn cutting BI' in K, so
that HA is equal to HK. And likewise let the straight line
HAM bisect the angle KHA, intersecting the straight line
BLK at A, and terminating at M at the straight line which
bisects the angle I'BA. Join AA.

Therefore, since HK is equal to HA, and the angle KHA
is bisected by the straight line HAM, the base KA is equal to
AA and consequently the angle KAM is equal to the angle
MAA. But the angle KAM is equal to the angle HAB; for
they are vertical angles: then the angle MAA is equal to the
angle HAB. Hence, if HAM is similarly considered to be a
plane mirror with a continuous surface and joined to the
mirror HZ® already described, the equinoctal ray AB will be
reflected in the direction of A along the straight line AA.

Similarly, by the same construction on the straight line
AB, we shall show that the summer ray BE which falls on the
plane mirror on MEO will be reflected to A along the straight
line EA. If then we suppose a hole placed symmetrically®

19 Goavel kévrpe kal dacrhuari Cf. Buclid Elem. ed. Heiberg, 1 (Leipzig,
1883), 280 for the use of the expression.

20 gyuperpor. Ver Eecke translates: “d’un grandeur modique.”
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about the point B as centre, all the rays falling through the
hole, that is through the point B, upon the continuous mir-
rors already described will be reflected to A.

And by repeated bisection of the said angles and by the
construction of more and more smaller mirrors it is possible
to describe the line ®ZHAMEO, which if considered to be
drawn around BA as axis will form the so-called oven shaped
mirror, which being bisected and covered with a lid parallel
to the horizon, and receiving the rays only through B, will
send them, whatever their angle of incidence, to the point A.

But to avoid the effort of continuous division in con-
structing and putting together plane mirrors, we shall demon-
strate how, after the line [scil. AB] has been drawn, a surface
of incidence may be drawn to it so as to make a curved re-
flector with the required properties. [The text and meaning
are uncertain here].?

For if we consider the line 11Z to be equal to the straight
line ZA, the straight line IIH is equal to HA. Then, since the
straight line IIZ was made equal to ZA, let ZB be on the same
line; then the whole of TiB is equal to BZ, ZA. But IIB is
equal to KB, because TIH is equal to HK and the angle IIBK is
bisected by BH. Then BK is equal to BZ, ZA. But BK is
equal to BA, AA, because KA is equal to AA and AB is
common. Then the two lines BA, AA are equal to the two
BZ, ZA. By the same reasoning it may be shown that BN is
equal to BK and to IIB: and BE, EA are equal to BA, AA and
BZ, ZA to both.

Accordingly it may be shown that the rays which pass
through B and are reflected to A are all equal to the others
having the same property.

If, then, we stretch a string surrounding the points A, B
tightly around the first point from which the rays are to be
reflected, the line will be drawn which is part of the so-called

203 &uBodets was translated “surface of impact” by Heath following C. Belger,
Hermes, 70 (1881), 267. Heiberg filled the lacuna with x{wrela), a word for the
melting and casting of metal; éuBohess might then mean “mould.” Dupuy de-
clined to translate and simply wrote “embole.” See also P. Ver Eecke op.cit.
P. 49 note 4.
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ellipse, with respect to which the surface of the mirror must
be situated.”

COMMENTARY

The method of drawing an ellipse by means of a string
looped around two fixed points is here described for the first
time; it provides a mechanical illustration of a fundament.al
property of the ellipse, namely that the sum of the focal dis-
tances of any point on the ellipse remains the same.*® Kepler
restated the principle A more complicated method, for
drawing ovals, is described in Descartes in the second book of
La Géometrie™

Anthemius is aware that the focal distances of any point
on an ellipse make equal angles with the tangent at that point.
The proof of this property is given in Apollonius III, 48>
who states it as follows: “Under the same conditions it is to
be proved that the lines drawn from the point of contact [of
the tangent] to the points of origin of the curve [the foci],
make equal angles with the tangent. »

Let the same conditions be supposed, and let EZ, EH be
drawn. [ say that the angle T'EZ is equal to the angle HEA.
For since the angles AH®, AE® are right angles [as proved
in Propositions 45 and 47] the circle drawn about the diam-
eter A® will pass through the points E, H [Euchd IIL 31].
So that the angle A®H is equal to the angle AEH [Euclid
II1, 21]; for they are situated on the same segment. For the
same reason also the angle I'EZ is equal to the apgle I'eZ.
But the angle I'®Z is equal to the angle A®H [Euclid I, 151 ;
for they are vertical angles. Therefore also the angle TEZ 1s
equal to the angle AEH.”

21 Cf. T. L. Heath, Bibliotheca Mathematica, 73 (1907), 228.

22 4d Vitellionem paralipomena quibus Astronomia pars optica traditur
(Francofurti, 1604), 178, referred to by C. Taylor, Ancient and Modern Geometry
of Conics (Cambridge, Deighton Bell, 1881), Ivii-lix.

231637, p. 356. Transl. D. BE. Smith and M. L. Latham, Dover ed. (New

45), 122.
Yorl;; .]1'9 L.) Heiberg, Apollonius Pergaeus, 1 (Leipzig, 1891), 430. T. L. Heath,
Apollonius of Perga (Cambridge, 1896), 116. Proposition 71.
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Another property of the ellipse, of which Anthemius is
aware, 1s that the straight line which joins the focus to the
point of intersection of two tangents bisects the angle between
the straight lines joining the same focus to the two points of
contact respectively. This property of the ellipse is not proved
in Apollonius. Anthemius, moreover, provides an elegant
method of constructing an ellipse by means of tangents. Apol-
lonius knew that the ellipse has the property of reflecting all
rays through one focus to the other; from III, 48 it is easily
deduced. Moreover, there existed a book, to which Anthemius
probably had access, wepi 706 wupiov, On the Burning Mirror,
written by Apollonius himself. The evidence for the book is
to be found in the Fragmentum Mathematicum Bobiense,
where it is stated that Apollonius in his book described the
focal properties of burning mirrors. He is known to have
proved the focal properties of the ellipse and hyperbola, and
may be assumed to have been aware of those of the parabola.

A work mepi mvpiwr by Diocles, the discoverer of the
cissoid, may have been read by Anthemius, since Eutocius
mentions it.*® Diocles lived later than Archimedes and Apol-
lonius, and we may suppose that he was greatly indebted to
those masters. It is strange, however, that Anthemius wrote
that the ancients omitted to say from which conic sections
burning mirrors were produced. Obviously the geometrical
properties of certain burning mirrors cannot have been ig-
nored by Apollonius and Diocles. An Arab writer, Al Singari,

25 Archimedes, ed. Heiberg, Vol. 3, p. 78, line 19.
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in stating that Diocles was the discoverer of the parabolic
burning mirror, remarked that the ancients formerly mad_e
mirrors of plane surfaces. Some made them spherical 'untxl
Diocles (Diiiklis) proved that, if the surface of these mirrors
has its curvature in the form of a parabola, then they have
the greatest power to burn. “There is,” he adds, “a 'work on
ths subject by Ibn Alhazen.” The work, in fact, survives, but
in it the name of Diocles is not mentioned, whereas Archime-
des and Anthemius are mentioned together and are said to
have used mirrors composed of a number of spherical rings.
Afterwards, continued Alhazen, they considered the form of
curves which would reflect rays to one point, and found that
the concave surface of a paraboloid of revolution has the
property.* ‘ ' '

The influence of Anthemius on Alhazen is evident in
the statement that the Greek geometers did not set out their
proofs sufficiently; “verumptamen ipsi non exposuerunt dem-
onstrationem super hanc intentionem neque viam, qua inve-
nerunt, expositione sufficiente.”*” His coupling of Archimedes
and Anthemius shows that the latter was well esteemed by
Arab scholars. The proposition relating to the parabola in
the mepi mapadétwy unxavmudrov is enunciated at the beginning
of Alhazen’s work.? ;

Since Alhazen does not affirm that Diocles discovered the
paraboloid burning mirror, it is not certain that any geomet-
rical demonstration of its properties was given before Anthe-
mius set out his proofs. Heiberg therefore had some jus-
tification for his claim that Apollonius proved the focal
properties of elliptical and hyperbolic mirrors only, but iF 1s
difficult to believe that he was unaware of the corresponding
powers of the paraboloid mirror. We return to this problem

267 take these details from Sir Thomas Heath, A History of Greek
Mathematics, 2 (Oxford, 1921), 201. J. L. Heiberg and E. Wiedmann, ‘.‘Ibn al
Haitam’s Schrift iber parabolische Hohlspiegel,” Bibliotheca Mathematica, 108
(1910), 201-37.

27 Heiberg and Wiedemann, ibid. 219, line 17.

28 Liber de speculis comburentibus, p. 219, line 4 ed Heiberg and Wiede-
mann, op.cil.
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in the commentary upon the concluding section of the wept
mapaddfwr pyxarmudrov.

“b. How shall we cause burning by means of the sun’s rays
in a given position, which is not less distant than the range
of bowshot?

According to those who have described the construction
of so-called burning mirrors the required experiment would
seem to be impossible. For wherever conflagration occurs, the
mirrors are always seen to be turned towards the sun. Conse-
quently if the given position is not in the direction of the
sun’s rays, but inclined to one side or even behind, it is im-
possible to perform the experiment by means of the said
burning mirrors. Furthermore, the required distance to the
point of burning necessitates that the size of the burning
mirror, according to the explanations of the ancients, shall
be unobtainable; according to the aforesaid explanations, the
proposed experiment could never be considered reasonable.

But since Archimedes cannot be deprived of the credit
of the unanimous tradition which said that he burnt the
enemy fleet with the rays of the sun, it is reasonable to sup-
pose that the problem can be solved. We have given as much
thought as possible to the matter, and shall explain a device
for the purpose, assuming in advance some small precondi-
tions for the experiment.

To find, for a given point, the position of a plane mirror,
in such a way that a ray of the sun coming in any direction
to the said point shall be reflected to another point.

Let A be the given point, and BA the given ray falling
in some position. And let it be necessary that BA, which falls
on a plane mirror concentrated about the point A, be reflected
to the given point T.

M
hS
N
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Let AT be joined by a straight line. Let the straight line
AA bisect the angle BAT, and let there be conceived to be
through A a plane mirror EAZ at right angles to AA. It will
be evident from the previous demonstration, that the ray BA
falling on EAZ will be reflected to I': which was required.

Then all the rays which fall in the same direction from
the sun to the mirror, being parallel to AB, will be reflected
in rays parallel to AI. Thus it is demonstrated that in what-
ever position or direction with respect to the rays of the' sun
the point I' lies, the reflection will be produced by the mirror
towards the same point. And since combustion with burning
mirrors occurs in no other way than by the conducting of a
number of rays to one and the same point, it is natural that
when the greatest heat is gathered, burning will occur.

It is in the same manner that if there exists a fire in any
place, the surrounding parts of the air nearby exper.ience a
corresponding degree of heat. If, conversely, we consider all
the rays to be conducted into the central position, they will
engender the power of fire. .

Therefore let it be required to conduct to the point
which 1is distant not less than the stated interval, [e.g. bow-
shot], other, different rays, from smooth, plane mirrors in
such a way that the reflected rays being concentrated in one
spot produce combustion. The result can be obtained by sev-
eral men holding mirrors in the required position and aiming
them at the point T.

c. To avoid giving trouble by enlisting the help of many
persons — we find that not less than twenty-four reflections
are necessary to produce combustion — we devise the follow-
ing method.

Let there be a plane hexagonal reflector ABI'AEZ and
other similar reflectors adjacent and connected to the first
along the straight lines AB, BT, TA, AE, EZ, each having
a slightly smaller diameter and capable of being hinged about
those straight lines, the connection being made by strips of
leather or by ball and socket joints. If, then, we place the
surrounding mirrors in the same plane as the central one, re-
flection will obviously be in the same direction from each
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conjoined mirror. Whereas, if the central mirror is left un-
moved, and we incline all the surrqunding mirrors inwards

A

towards the one at the centre, by a little discovery easily put
to use, it is clear that the rays reflected from the surrounding
mirrors will be directed to the middle of the original mirror.
Then if proceeding in the same way, we arrange other mirrors
around those that we have just mentioned, so that they can
be inclined towards the central mirror, and then collect the
rays in the same spot in the manner described, combustion
will occur at the given position.

d. Combustion will be caused more effectively if fire is pro-
duced by means of four or five mirrors, or even as many as
seven, and if they are distant from each other in proportion
to their distance from the point of combustion, in such a
manner that the rays cut each other and produce the desired
heating more intensely. For when the mirrors are in one place
the reflected rays cut each other at very acute angles, so that
almost the whole space surrounding the axis is heated and
bursts into flame. Hence the combustion does not only occur
about the single given point. Moreover, it is possible to blind
the sight of an enemy by the construction of these same plane
mirrors, because when the enemy advances, he does not see
the approach of his adversaries, who have plane mirrors fitted
to the upper parts, or to the insides, of their shields; so that
the sun’s rays are reflected to the enemy in the manner

described, and they are easily routed. [The text is frag-
mentary here].
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e. Therefore combustion at a given distance is possible by
means of burning mirrors or reflectors, as well as the other
effects described. Indeed, those who recall the constructions
of the god-like Archimedes, mention that he effected ignition
not by means of a single burning mirror but by several. Apd
I think that there can be no other means of causing burning
at so great a distance.”®

COMMENTARY

In the preceding passage Anthemius affirms that a num-
ber of hexagonal mirrors placed about a central hexagonal
mirror and inclined towards the central mirror will cause
burning when the sun’s rays fall vertically upon the centre.
He does not state here that the mirrors will effect the greatest
concentration of heat when they are arranged as tangents to
a parabola. When the mirrors are close toget‘her and reﬂeFt
the rays of the sun at acute angles to the axis, the' space in
which burning will occur is increased, since it will not be
confined to the focus.

Anthemius reasonably denies that Archimedes could ever
have used a single mirror to set fire to the Roman ships at
Syracuse, because its focal length and the area of the reflector
would have been gigantic, and quite beyond his resources.
But a number of small mirrors arranged to reflect the rays of
the sun to a single point can be used to blind an enemy force,
and in favorable conditions may even cause ignition, when
aimed accurately, beyond the range of bowshot. Given a large
number of mirrors, they may be placed at will as tangents to
a spherical, parabolic, or any other curved surface. There
remains the difficulty, of which Anthemius writes, tl}at the
object to be burned must be in the direction from which the
sun’s rays come. v .

At Rome in 1646 there appeared the work of Athapasxus
Kircher, Ars Magna Lucis et Umbrae in decem libros dzggsta.
In the fourth problem of his tenth book Kircher conceived

29 Q. at the distance of several hundred paces from the walls of Syracuse
to the ships of Marcellus.
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five plane mirrors directed at the same object one hundred
feet distant, and observed that the heat became almost intol-
erable after the addition of the fifth mirror, each mirror being
one foot across. This is essentially the method suggested by
Anthemius. Kircher had seen a concave mirror which car-
bonized wood at fifteen paces distance. He visited Syracuse
and, assuming that the Roman ships were only thirty paces
from the walls of the city when they were thrown into the air
by the engines of Archimedes, supposed that Archimedes
burned the fleet when it was very close to the walls, by means
of a concave mirror. His conclusion is surprising because he
accepted the story that Proclus used plane mirrors to burn
the fleet of Vitalian.*

After Vitello the subject of burning mirrors was also
taken up by Oronce Finé® in his De speculo ustorio ignem
ad propositam distantiam generante (Paris, 1551), by Des-
cartes, and by Buffon. Here an observation of Gibbon®
may be recalled: “Without any previous knowledge of Tzetzes
or Anthemius, the immortal Buffon imagined and executed a
set of burning-glasses, with which he could inflame planks at
the distance of 200 feet. What miracles would not his genius
have performed at the public service, with royal expense, and
in the strong sun of Constantinople or Syracuse?” Gibbon
ignores Sir Isaac Newton’s work on burning mirrors.

Hero of Alexandria gave the maximum range of ancient
artillery as two stades,* a range beyond which it is conceiv-
able that Archimedes atternpted, notwithstanding the silence
of Polybius and Livy, to blind the enemy’s sight, if not to burn

30L. Dupuy, Mémoires de¢ U'Académie des Inscriptions [de Paris], 42
(1786), 450. Zonaras, Epitomae, ed. M. Pinder, 3 (Bonn, 1897), 138, line
30, probably following George Monachus and adding the mirror “out of his
head”: E. Gibbon, ed. Bury, Decline and Fall of the Roman Empire, 4 (New
York, 1914), 258, n. 96.

31 Oronto Fineo.
32 KEd. Bury, 4 (New York, 1914), 259, n. 99.

33V. Prou, “Les Ressorts-Battants de la Chirobaliste d’Héron d’Alexandrie,”
Notices et Extraits des manuscrits de la Bibliothéque Nationale, xxxi, 1
(Paris, 1884), 481. P. Ver Eecke, op.cit. xxiii,
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his ships’ timbers, by means of carefully directed plane mir-
TOTS.

e. (cont.) “Whereas the ancients mentioned the usual burn-
ing mirrors, and described how the construction of their sur-
faces of incidence should be effected, treating them mechani-
cally only and setting out no geometrical demonstration for
the purpose, and while they said that they were conic sections,
yet did not show of what kind and how produced, we shall
attempt to set out some constructions for such surfaces of inci-
dence, not giving them without demonstration but authen-
ticated by geometrical methods.

Let the diameter of the burning mirror which we wish
to construct be AB, and the point to which we wish the re-
flected rays to be diverted be the point A on the straight line
I'EA, which lies at right angles to AB and bisects it. Let E
be supposed to lie at the bisection of AB; join BA.

Let BZ be drawn through B parallel to AEl' and equal
to BA, and through Z let ZT' be drawn parallel to BA cutting
AET at T'. Let I'A be bisected at the point 8.

7z 8 5
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OE will then be the depth of the surface of incidence
about the diameter AB, as will be evident from what follows.
Let the straight line BE be divided into an indefinite
number of equal parts, say as in the present construction
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three, EK, KA, AB. Through K, A let AM, KN be drawn
parallel to BZ, EI. Let the angle ZBA be bisected by the
straight line BE, the point 2 being considered to be midway
between the parallels BZ, AM.

Let the said parallels all be produced to the neighbor-
hood of 4, to the points 11, P.

I say that the ray IIB which lies parallel to the axis, that
is to EA, and falls on the mirror =B at the point B, will be re-
flected to A, since the angle ZBA is bisected, and reflection
takes place at equal angles as proved previously. Similarly
we shall cause the ray PA to be reflected to A in this manner.

For let the straight line EA be joined; similarly EM,
EZ. Clearly EA is equal to EZ because the angle at B is bi-
sected. But HZ is equal to EM because they are carried to
the points Z, M, from which E is equidistant. Then EM is
equal to EA.

Let the angle MEA be bisected by ETT, (T be considered
to lie midway between the parallels MA, NK) cutting the
parallel MA at T. By the same reasoning it will be demon-
strated that MT is also equal to TA and TA . . .” [the frag-
ment ceases here].

COMMENTARY

The construction continued with the bisection of the
angle NTA, the next in order after ZBA and MEA. Then
the bisecting line through T will meet NK at a point, say
¥, so placed that a ray passing along KN will be reflected
from a mirror in the position T¥ at the point ¥ to A.%

If the number of parallels is increased by drawing them
so as to bisect ZM, MN, NI respectively, points on them may
be determined from which mirrors will reflect rays to A. The
greater the number of mirrors, the greater becomes the con-
centration of rays at A, until the reflecting surface approxi-
mates to a parabola and A is its focus.

By revolving the parabola about T'E, we obtain the re-

3¢Cf. T. L. Heath, Bibliotheca Mathematica, 73 (Leipzig, 1907), 230.
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flecting surface required to cause combustion, viz.: a concave,
paraboloid mirror.

The method here employed is analogous to that for the
construction of an ellipse and not less pretty. Anthemius de-
scribes a method for drawing a parabola by means of tangents,
so that when each tangent is drawn, the point of contact to
the parabola is simultaneously determined.

The construction depends upon the fact that every tan-
gent makes equal angles with the axis and with the focal
distance of the point of contact. Moreover, the distance from
the directrix to any point on the curve is equal to the distance
between the point on the curve and the focus.

Anthemius is the first ancient geometer known to have
made use of the directrix, but he cannot be considered the
discoverer of the property of the focus and directrix in conic
sections. It is true that in Apollonius the foci are obtained
without reference to the directrix and the focus of the para-
bola does not appear at all. But Pappus gives the focus-direc-
trix property as a lemma to the Surface Loci of Euclid. Hence
Heath® inferred that the property was assumed without proof
in Euclid’s work. Aristaeus may therefore have been the first
to prove it, possibly in his Solid Loci.

Anthemius probably obtained his knowledge of the focus-
directrix property from Pappus, since Apollonius did not
prove it, and Pappus in the view of Anthemius cannot have
been numbered amongst “the ancients.” His claim to origi-
nality lies in the use made of the property in the construction
of the parabola, which provides striking evidence that mathe-
matical creativity was not dead in the sixth century a.p.

38 Greek Mathematics, 1 (Oxford, 1921), 243; Vol. 2, p. 119. Cf. Pappus,
ed. F. Hultsch, 2 (Berlin, 1877), 1005, 2. 2.



IV
Fragmentum Mathematicum Bobiense

Translation and Notes

“For since the rectangle AT, AH is equal to the square
on EH, and TA is quadruple AB, therefore four times the
rectangle BA, AH, that is four times the rectangle BA, AA,
is equal to the square on HE.

s

The square on HE is equal to four times the square on
AZ. Therefore the rectangle BA, AA is equal to the square
on AZ.

Therefore the angle AZB is right. But AZ is equal to ZE.
Therefore AB is equal to BE.

That proved, let there again be a conic section, a parab-
ola, of which the diameter is AB, and the parameter AT, and
let AB be equal to one quarter of AT, and from any point on
the section let EZ be drawn parallel to AB. Join EB.
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It is required to prove that ZE is reflected at the section
at an equal angle. Let the tangent AEH be drawn. Now from
what has already been proved, AB is equal to BE. Therefore
the angle EAB is equal to the angle AEB. So is the angle AEA
to the angle HE®. Let mixtilinear angles be taken (ywviad
Suidopod); then the remaining angles BEA and @EZ are equal.
Likewise we shall prove that all rays parallel to AB will be
reflected, at equal angles, to the point B.

Now the mirrors which are constructed with their sur-
faces of incidence having the curve of the section of a right-
angled cone, in the manner described, will easily cause burn-
ing at the point named [the focus of the parabola]; but a
further proposal must now be made about the arcs of a circle,
how long they must be and where they must be placed to
cause combustion. The ancients supposed that combustion
would occur about the centre of the mirror, but that their
view was false, Apollonius, as, was very necessary, demon-
strated in his treatise On the Researchers into Mirrors, and
he made clear in his treatise On the Burning Mirror about
what position ignition will occur. Yet he does not clarify the
proof which the ancients give, but follows it rigidly, which
makes his treatment laborious and rather long. It is not to be
thought that we shall overlook the demonstrations given by
him; but those which we ourselves adduce, we shall attempt
to set out, not as though we were putting them in competition
with his proofs (for that would be to make a swallow the peer
of swans), but because we are ourselves able to provide further
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bypotheses for those who are interested in mathematical
studies.

Let there be a circle with arc ABT, in which AT is the
side of a square [inscribed in the circle]; the centre of the
circle is A. Let AEB bisect AT; and let BA be bisected at ®.
And from any point let ZH be drawn parallel to AB. I say

A

A GA

)
&y

that ZH will be reflected at an equal angle towards a point
between E and ©. For let AH, H®, HE be joined. Since
®B passed through the centre, ®H is greater than 8B, but

©B is drawn equal to ®A. Then H® is greater than A®.

Hence, the angle ®AH, that is the angle AHZ (for they are op-
posite angles between parallels) is greater than the angle AH®.
But since TE is greater than EH (for EI' is farther from the
centre, and EH is nearer), I'E is equal to EA, as we shall show;
then EA is greater than EH.

Hence the angle EHA is greater than the angle EAH, that
is the angle AHZ (whereas the angle 8HA was proved less than
AHZ). Then the angle AHZ is greater than the angle ®HA, but
less than EHA. Thus an angle made equal to AHZ will fall
between the points E, 8.

Let the angle KHA be equal to the angle AHZ. Since AHB
is equal to AHT, (for AH passes through the centre of the circle,
and the angles of a semicircle are equal to each other) it fol-
lows that the straight line HZ and the arc HI' make an angle
equal to the angle between the straight line HK and the arc HB.

Similarly the other rays which are drawn parallel to BA
will be reflected at equal angles at the circumference to a
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point between E and ®. And along the whole arc ABT rays
travelling parallel to BA will be reflected at equal angles to
a position between E and 6. If BA remains fixed, and the
segment ABTI' is moved about it [as axis], then a spherical
surface will be developed, with respect to which the rays
parallel to BA, reflected at equal angles, will meet between
the points E, 8.

When, therefore, a mirror has been constructed with
ABT as surface of incidence, and the arc is placed in such a
way that BA faces towards the centre of the sun, the rays
travelling from the sun parallel to BA, and falling on the
reflecting surface. .

COMMENTARY

Here the conclusion is lost in a lacuna. Having demon-
strated the focal properties of a parabola, the author proceeds
to a geometrical proof of the corresponding properties of a
spherical reflector. From the argument preceding the lacuna
it is reasonable to infer that the contrast between the concen-
tration of rays at one point in a paraboloid mirror, and Fhe
gathering within a delimited space of parallel rays falling
on a spherical reflector, was emphasised. The converse argu-
ment that only those rays will be reflected through the centre
of a spherical reflector which fall perpendicularly on the sur-
face probably appeared at this point. It was used by Alhazen
and by Vitello in discussing the properties of spherical reflec-
tors, but their proofs derive from Ptolemy’s Optics.

We have here one of the earliest statements on record
that the parabola possesses a focus. Even if Apollonius was
familiar with the focal properties of the parabola, as Zeuthen
showed to be most probable?® we cannot assume that our
author lived close in time to Apollonius, because he too is
aware of the focal properties of the parabola. That would
only show that the Fragmentum Mathematicum Bobiensg was
written later than Apollonius, a conclusion already established

38 H. G. Zeuthen, Die Lehre von der Kegelschnitten im Altertum (Copen-
hagen, 1886), 367.
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from the fragment, since Apollonius is named in it. Pappus
writing at the end of the third century a.p., is the earliest
author even to mention a focus of the parabola,® and since
our author is fully aware of the property, he may be fairly
considered later than Pappus. A second focus of the parabola
was unknown in antiquity: Kepler first postulated the exist-
ence of the “caecus focus,” which is taken to be at infinity
either without or within the curve.

The lacuna following the treatment of the spherical re-
flector was tentatively restored by Heiberg, who proposed a
comparison between the relative dimensions of two cones of
different height, but having equal bases. Ver Eecke compares
Euclid, Elements XII, 15: ““The bases of equal cones or cylin-
ders are reciprocally proportional to their heights, and if the
bases of the cones or the cylinders are reciprocally propor-
tional to the heights, the cones or the cylinders are equal to
each other.”

The fragmentary passage cannot be restored to give con-
tinuous sense. The following is a literal version: “. . . con-
structed. . . . Then, since the cube of the straight line PI'
is to the cube of the straight line NI, as the column EI' is
to the column Al and as the cube of PI" to the cube of NI
is to . . . it is clear that the column ET is to the column AI,

3TM. Cantor, Vorlesung iiber Geschichte der Mathematik, 1 (Leipzig,
1894), 328. Cf. J. L. Coolidge, A History of the Conic Sections and Quadric
Surfaces (Oxford, 1945), 13; O. Neugebauer, “Apollonius-Studien,” Quellen und
Studien zur Geschichte der Mathematik . .., Abt. B, Vol. 2 (1932), 215-254. On the
focus of the parabola see op.cit. 236.
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...to...to... the same to the given . . . the same
to the given. And as the columns PH, AI are to each other
. and the lines NA . . .38

“In the history of the subject it is clearly demonstrated,
both in Archimedes and in Apollonius, that they are recipro-
cal; hence there is no need for us to prove the matter again,
but to make use of an established conclusion. And what fol-
lows ought not to be neglected. For research into such matters
as mechanics, as we have said, belongs fittingly and thoroughly
to him who would rightly be called the son of the Muses.

Firstly, then, when any solid body is raised to a height

“the lifting is effected more easily with mechanical assistance,

when a beam is pivoted about its centre of gravity; for when
that is not done, the lifting is difficult for those who are draw-
ing on the beam. Moreover, any weight can be transported
without effort and easily to any chosen position, when it is
raised from the centre of gravity. Many scientists have shown
in their mechanical works that such a claim is admissible. At
any rate spears and similar objects are very easily lifted at
their mid-points (for about that position is the centre of
gravity); but less easily at their extremities; balances and ob-
jects of that nature have comparable properties. For when
the weights balance we can easily take hold and lift them up
into the air, and then carry them wherever we want. But
when the weights are not placed in equilibrium and we do
not take hold of the object by the centre, to lift them is diffi-
cult, because the inequality of the weights prevents a balanced
movement. The reason being obvious, it is easy to see that
any solid body can be raised by its centre of gravity; for the
lifting of a weight by the centre is easy. But how . . .”

The remainder cannot be restored. Diels who was inter-
ested in the palaeographical features of the text, called the
concluding passage of the extant fragment ‘‘schoolmasterly.”
It is true that the thought is shallower than in theoretical pas-

* sages, the repetitive and didactic manner of the exposition

38 Possibly we have here a comparison between the centres of gravity of
cylindrical columns and of cones having the same diameter at their bases
and the same height.
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contrasting with the precise language of Archimedes and other
Hellenistic writers on mechanics. The laboriousness of the
concluding passage supports the view of Belger and Heiberg
that the Fragmentum was composed in early Byzantine times.
The thought is not original, but expository, suggesting the
slavish reading of an Hellenistic model. Our author, we may
conclude, was interested in mechanics, but only in the study
of optics did he possess any deep theoretical knowledge.

\'/
The Authorship of the

Fragmentum Mathematicum Bobiense

Instances of archaic terminology have been used to sup-
port an early date, between Apollonius and Diocles, ¢. 250
180 B.c., for the author of the Fragmentum. Thus Heath
(Greek Mathematics, 2 [Oxford, 1921], 203) claimed that he
must be earlier than Diocles, because Diocles is made by Euto-
cius® to employ the words “ellipse” and “hyperbola,” and not
to speak of “‘sections of an acute-angled” and “sections of an
obtuse-angled cone” respectively. His argument would have
more force, if we could be certain that Eutocius himself had
not introduced the words “ellipse” and “hyperbola” into his
statement of the proof of Diocles. Eutocius gives the proof of
the problem left unsolved by Archimedes in On the Sphere
and Cylinder (11, 4) and attributes it to Diocles’ book On
Burning Mirrors. He adds a proof of a method of drawing an
hyperbola, which is taken from Apollonius,** to the proof of
Diocles, and he may have introduced the Apollonian termi-
nology in stating the proof of Diocles. Elsewhere, Eutocius
does introduce the word ““parabola’” into his account of a proof
by Menaechmus, who could never have used the word, since
he lived before Apollonius.*

It is, however, possible that Diocles used the Apollonian
terminology of hyperbola, parabola, and ellipse. His termi-
nology is in that case no help to us in dating the author of
the Fragmentum, who still uses the archaic terminology of
conic sections although he has read the works of Apollonius.

39 Archimedes, Vol. 3 ed. Heiberg, p. 196, 198.
40 op.cit. 208, line 5. ' 41 op.cit. 94, line 1.
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Hence we may only infer that he had read authors earlier
than Apollonius besides the master himself.

Our author does use the word “parabola”; his expression
““a conic section, a parabola” combines old and new terminol-
0gy in an attempt at greater clarity and precision. We recall
that Anthemius had stated that the ancients had shown burn-
ing mirrors to be conic sections without any proof of the fact:
while the author of the Fragmentum proceeds to prove that
the conic required to reflect parallel rays to a single given
point is a parabola.

Heath’s argument is therefore a weak one; for the expres-
sions “sections of an acute-angled cone” and “sections of an
obtuse-angled cone” do not of themselves date the Fragmen-
tum earlier than Diocles and close to Apollonius. It is the
use of the word “parabola” which dates our author later than
Apollonius: how much later must be determined on other
grounds.

Our author uses curvilinear angles, to which reference
later than Euclid is rare, and he follows Archimedes in speak-
ing of the “diameter” of a parabola instead of the Apollonian
term “axis.” He has the highest regard for Apollonius, yet
his praise of Apollonius and Archimedes is not that of an
admiring contemporary, but rather of an historian of his sub-
ject. He is equally at home in the old Archimedean terminol-
ogy and the newer Apollonian. In mechanics he follows
his Hellenistic model slavishly and his tone is thoroughly
Byzantine.

A contemporary of Apollonius could conceivably have
called the predecessors of Apollonius of zahawf; but the
natural interpretation of the passage describing the work of
Apollonius on spherical mirrors places Apollonius amongst
the “ancients.” Consequently it is very difficult, I think, to
believe that the author of the Fragmentum lived close in time
to Apollonius himself. If he had done so, he would have been
more thoroughly influenced by his revolutionary terminology
and less eclectic.
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The title mepi mapadééav pnxavyudrov suggests thflt the trea-
tise of Anthemius cannot have been purely optical in content.
Anthemius, being an architect, would have been 1{1ter.ested in
mechanics and have described mechanical devices in his work.
Both he and the author of the Fragmentum claim to have
studied Archimedes. The complaint of Anthemius that th_e
ancients did not make a geometrical derponstratlon of their
opinions about burning mirrors is very like the statement .of
our author that Apollonius, having shown that the Catoptrici
were wrong in assuming that the point of ignition in a spher-
ical mirror reflecting the sun’s rays is the centre, falleq to give
a complete demonstration of the correct position of ignition.
Our author claims to be continuing the work of Apollf)mus,
whose conclusions were correct, but whose proofs were inade-
quate. Such is the claim of Anthemius.

Therefore the similarities between the two texts strongly
suggest that they are the work of the same author, an eco-
nomical conclusion which enables us to supplement our
knowledge of Anthemius, and to explain some of the diffi-
culties of the Fragmentum Bobiense. If we adopt the sugges-
tion that Anthemius wrote the Fragmentum Bobiense, much
that was previously obscure becomes clear. In the first plflce,
the work of Anthemius was not misnamed; the wepl mapadééwv
pnxavnudrev was not solely concerned with r'eﬁectors, t?ut con-
tained at least one part devoted to mechanical handling and
the raising of weights about their centre of_ gravity, a matter
of some interest to the architect of St. Sophia. In one part 9f
his work Anthemius demonstrates the efﬁcier}cy of parabolmd
reflectors in causing burning at a single position; in ar}other
he explains what Apollonius had only stated in refutation of
the Catoptrici, why the spherif:al reﬂec.tor floes not concen-
trate parallel rays falling upon it at a point; in a third section
he proves that a ray coming from any position whate\fer can
be directed to a single point. In both surviving portions of
his treatise he reveals a deep knowledge of the properties of
tangents. Throughout his wide reagiing of the classics of erl-
lenistic science is evident; both portions reveal that his special
interests were in Archimedes and Apollonius.
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Anthemius was one of the last great geometers of antig-
uity. His skill as an architect, of which a visible memorial
survives to this day, need not obscure his merits as a geometer.
Indeed, the Arab estimate of Anthemius as the peer of Ar-
chimedes in the study of mirrors was not based upon a mis-
conception of his originality. In his building and in his writ-
ings, and in the work of his contemporaries, there is proof that
the age of Justinian witnessed a late flowering of creative
mathematical thinking. We recognize that Anthemius was a
distinguished follower of the great Hellenistic geometers.

VI
Some Previous Studies of the
Fragmentum Mathematicum Bobiense

A part of the text was first published by Angelo Mai in
1819 in his Ulphilae partis ineditae specimen, at Milan.
The fragment originated at Bobbio and is now in Milan. It
covers the last sixteen lines of page 113 and thirty-six lines of
page 114 of the Ambrosean MS L.99, which contains in a dif-
ficult Lombardic hand the Etymologiae of Isidore of Seville.
More was printed by Amedeus Peyron in his work M. Tulli
Ciceronis orationum pro Scavro etc. fragmenta inedita ed.
Amed. Peyron. Idem praefatus est de bibliotheca Bobiensi,
cuius inventarium anno MCCCLXI confectum edidit atque
ilustravit (Stuttgart and Tubingen, Cotta, 1824). Peyron gave
only the beginning of the fragment, omitting the geometrical
proof “quae tot geometricis siglis atque scripturae compendiis
scatet, ut lectu difficilis difficilius declarari possit.” He con-
cluded that the fragment was not by Anthemius (pages 2034,
no. 103). ;

The first thorough edition was published by Christian
Belger of Berlin in Hermes, 16 (1881), 261-284. He im-
proved Peyron’s text and gave the remainder more fully. In
the geometer’s comparison of himself to Apollonius he recog-
nized at first traces of an hexameter [i.e. xdxvoio xehedéves].
kbkvowrt xeheddves is closer to the original. Belger’s edition was
mainly concerned with palaeographical problems, but to the
same volume of Hermes C. Wachsmuth and M. Cantor con-
tributed an expository article, containing an improved text
of the geometrical proof and a German translation of the text
relating to the spherical mirror [pp. 637-642].

Belger had attempted to date the fragment from its vocab-
ulary and from the stenographic system employed. He ad-
duced some correspondences between the terminology of the
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fragment and the words used by Anthemius; and from the
form of the handwriting concluded that the original was not
later than the seventh century A.n. Wachsmuth, however,
proposed that the Fragmentum Bobiense was part of the wepl
wupiwr of Diocles, but in doing so he may have been influ-
enced by Cantor’s opinion (p. 642), which he later abandoned,
that the orthography was Hellenistic owing to the supposed
omission of the letter I from the figures. The argument from
letters is weak, since Archimedes used I in his figures: for
instance in the Quadrature of the Parabola. 1 appears on the
cones at the end of the complete text of the Fragmentum
Bobiense. Critical studies of parts of the fragment had already
been made by H. Diels (Hermes, 12 [1877], 412-425) and
C. Graux (Revue Critique, 2 [1876], 275).

Heiberg’s detailed treatment in the Zeitschrift fiir Math-
ematik und Physik (28 [1883], Hist.-litt. Abt. 121-129) ex-
presses the view that the Fragmentum may be the work of
Anthemius and suggests that the portion relating to the para-
bola concludes the argument at the close of the nepi wapa-
86wy pmxormudrov. Heiberg pointed out that if Anthe-
mius had truly claimed that none of his predecessors had
proved the geometrical properties of paraboloid mirrors, the
Fragmentum Bobiense could not be earlier than Anthemius.
The Byzantine architect was the last Greek geometer known
to have contributed to the theory of concave mirrors, and he
alone was in a position to develop the ideas of Apollonius on
foci, owing to his practical experience of such mirrors. Hei-
berg concurred with the opinion of Belger that the language
was Byzantine, but his views were contested by Heath in his
article in Bibliotheca Mathematica, 7.** Heath’s strongest
arguments are (1) that the Fragmentum Bobiense makes no
allusion to the focus and directrix property of the parabola
unmistakably known to Anthemius and (2) that the Fragmen-
tum uses the pre-Apollonian term “section of a right angled

42For Heiberg’s reaction cf. Bibliotheca Mathematica, 103 (1909/ 10},
201-2, n. 3. Cf. G. Loria, Le Scienze esatte nell’ antica Grecia (Milan, 1914), 415,
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cone.” The second argument has already been discussed. The
first has little weight if we consider that so eclectic an author
as Anthemius used, besides Pappus himself, sources earlier
than Pappus, who was the first to state the property. The
failure of the Fragmentum Bobiense to state the property may
be used as evidence that it was stated elsewhere: namely, in
the wept mapadéfarv pnxarmudrav.

Zeuthen*® allowed that the Fragmentum Bobiense was
probably the work of Anthemius, but insisted that the frag-
ment gave no support to the view that Apollonius was una-
ware of the focal properties of the parabola. He considered
it not impossible that Anthemius found the conic sections
forming burning mirrors named in the wpds 7ods xkaromrpicods
of Apollonius, where incomplete proofs of their geometrical
properties were given. Zeuthen’s view well suits the state-
ments of the Fragmentum Bobiense about the work of Apol-
lonius.

Heiberg edited the Fragmentum Bobiense in his Mathe-
matici Graeci Minores, pages 87-92. His text is printed in
the present study and use is made of the textual comments in
his article of 1883, pages 121-129. There is no good reason to
doubt that the Fragmentum is Byzantine now that a thorough
edition of the two works has been given by Heiberg; the con-
clusion that each is by Anthemius is the only one to conform
with all the evidence. Ver Eecke, however, while expressing
dissent from Heath’s dismissal of Heiberg’s original sugges-
tions, proposed in his edition of 1940 that the author of the
Fragmentum was a contemporary of Apollonius. The author’s
comparison of himself to a swallow is said to be a studious
attempt to avoid hurting the feelings of the great geometer.
That is a suggestion hard to accept: for if the pupil were so
studious to please his master, he would have been more polite
had he not used the terminology which his master had ren-
dered obsolete.

43H. G. Zeuthen, op.cit. 379, n. 1.



VII
Dupuy’s Account of the Manuscripts of the
ITEPI ITAPAAOEQON MHXANHMATON

Dupuy listed and consulted the following MSS (op. cit.,
pp- 396-399):

A. Royal Library. Coté 2370. 4°. Parchment. Saec XVI.
éx 7iis Tob Peprdpdov Bpryal\iépov xewpoypadias érer axus (1546).
The letters of the geometrical figures are in red.

B. Royal Library. Coté 2871. 4° (Colbert 3850): “Chartac.
XVI saeculo scriptus, in quo 1° Georgius Pisides de Creatione
Mundi, 2° Pappi Alexandri Mechanica, 3° Anthemi Paradoxa
Mechanica.”

C. Royal Library. Coté 2440 in fol. In addition to the frag-
ment of Anthemius it contains eight books of the Swaywy?
of Pappus. The eighth book of Pappus is also found in A
and B.

V. Dupuy’s copy of the manuscript of Anthemius in the Im-
perial Library at Vienna. “Il n’est pas fort ancien au juge-
ment de Lambécius: ‘Charthaceus,” dit-il, ‘mediocriter an-
tiquus in quarto, constatque foliis 33.” La copie que j'ai recue
porte a la fin du texte Grec une note congue en ces termes:
Animadvertendum. Quae linea unica subducta sunt, Cor-
rectoris alicuius manum indicant: quae vero duplici linea
subducta sunt euisdem Correctoris manu, in primigenia scrip-
_ tura obelo confixa fuisse notantur.”

R. Vatican. MS. Coté no. ccxviii. Parchment. Probably
earlier than A.n. 1000. Iota adscript employed. Dupuy
doubted du Theil’s view that R was the archetype of all the
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other MSS, because some errors in R are not found in ABCV.
In addition to the work of Anthemius, the MS contains a frag-
ment of a treatise on numbers, and the third book of the
Swaywyr of Pappus. Du Theil copied the MS for Dupuy.

Dupuy’s statements were summarized by Westermann
on pages xviii-xix of his edition. Lambecius gave an account
of V in Commentar. de Augusta Biblioth. Caesar. Vindobon.
VII, no. CIX; however he falsely described a Latin trans-
lation by Ancantherius of a Greek treatise on numbers as a
translation of Anthemius. These details are given by Dupuy
op. cit., 397.

Heiberg (Math. Gr. Min., 77) dated R in the eleventh
century, following Hultsch, Pappi Alexandri Coll., (Berlin,
1876), vii, and considered the MS the archetype of all other
surviving texts of Anthemius. His apparatus criticus there-

. fore reports only the readings of R; the variants in ABCV

may be consulted in Westermann’s edition. The first and
second pages of R are in a slightly later hand than the remain-
der of the MS, which contains the Svwaywyr of Pappus.

There is a manuscript of Anthemius at Venice. It is
amongst a collection of scientific works listed by A. Dain in
Miscellanea Galbiati III (Fontes Ambrosianae xxvii), (Milan,
Hoepli, 1951), 273-281, “Manuscrits de Venise 974-975-
976.”



VIII

Tzetzes and Anthemius

John Tzetzes, the twelfth century grammarian and poet
of Constantinople, devoted an article in his BiB\iov irropuciis
to the praise of Archimedes. Amongst the Syracusan’s inven-
tions he names the mirrors, with which the ships of Marcellus
were supposed to have been burned. His attempt to describe
the burning mirrors shows that he ill understood the geomet-
rical principles enunciated by Anthemius, whom he claims to
have read . *

‘Qs Mdprehhos &améomnoe Loy éxelvas (sC. oAkddas) vé€ov,
‘Bldywvdr 7¢ kdromTpov éréktmyey 6 yépov,
120 ’Axo 8¢ Buaogripares cuppérpov Tob karémTpov
Mikpa. Torabra kdromrpa fels Terpamd ywvias
Kwodpeva Aemiot te kai 1ot yryyhvpiows
Méoov éxeivo Télfewer dxrivov Tdv fhiov
MeonuBpwis kal fepurijs kal xeipepuordrys.
125 Avarhopévwv 8é hourov eis ToliTo T@v dxrivav
“Efayis fptn dofepa wvpddns Tals dhkdor,
Kai radras dreréppocer ék pajrovs TofoBdNov.

119 "Btdywy dvre. ed. Basil (1546), corr. Dupuy, Mémoires de I'Acad. des Sciences
[de Paris} (1777), 430.

125 els rofro  els r'abrd Dupuy, p. 434,

rerpanAd in line 121 was explained by Mélot as a mirror
having twenty-four sides, four times as many as an hexagon.
His interpretation finds no support in the text of Anthemius,
who recommends that the number of burning mirrors should

44 Tzetz., Chil. ed. Th. Kiessling (Leipzig, 1826), 45.
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be increased from four to seven times, in order to insure burn-
ing at the focus of the hexagonal mirrors which are inclined
towards one another. Tzetzes believed that Archimedes used
hexagonal mirrors, so arranged, to burn the fleet of Marcellus;
his mistake is due to an hasty reading of Anthemius, who does
not clearly make the transition from the discussion of hexa-
gonal mirrors to the explanation of the method of burning at
a distance with plane mirrors. As Dupuy saw, the reference
to midday (or equinoctal), summer, and winter rays is a curi-
ous confusion: Tzetzes has irrelevantly introduced into the
discussion of Archimedes the conditions supposed in the first
problem of the wepi mapadééwr pnxarnudrov.

Tzetzes later remarks that many writers told the story
about Archimedes at Syracuse.** The most important was
Anthemius the writer on paradoxes, and Hero and Philo, and
every writer on mechanics. “From them we have learnt about
ignition by burning mirrors, and every other science of those
most skilled in mechanics, the lifting of weights, pneumatics,
well-sinking; and also from the books of that sage Archime-
des.” It may be inferred from the words quoted that Anthe-
mius not only was the chief source of Tzetzes’ information,
but also wrote on mechanical and hydraulic subjects. Since
the Fragmentum Bobiense describes the lifting of a weight
with a beam, we may conjecture that Tzetzes had read that
portion of Anthemius’ work also. Tzetzes* considered that
Anthemius had read the works of Archimedes as his lines
show:

E€ &v “Hpowv, AvBéuios kai mis umxavoypdpos (sC. 7@v BifMiwy Tod
*Apxpn)dovs)

70 U8pukd, T€ Eypaav kai Td TrevpaTka O,

Bapovikd re odpmavra kai falacaodduerpas.
We have already supposed that the mechanical part of the

45 Lines 150ff. Lucian, Hippias, ch. 2, ed. N. Nilén (Leipzig, 1906)
says that the Roman ships were set on fire. Galen, De Temperamentis 3, 2
is the first author to mention the use of mirrors. On the problem cf. E. J.
Dijksterhuis, Archimedes (Copenhagen, 1956), 28-29.

48 Chal. xii, 457, 975.



38 + ANTHEMIUS OF TRALLES

Fragmentum Bobiense was indebted to an Hellenistic source:
he may well have been Archimedes himself.

Tzetzes, then, tells us little about Anthemius that may
not be inferred from the geometer’s own writings. After the
silence of Polybius and Livy, his belief in Archimedes’ use of
burning mirrors is poor testimony to the truth of the story.
Yet we may, with Gibbon “be more disposed to attribute the
art to the greatest mathematicians of antiquity than to give
the merit of the fiction to the idle fancy of a monk or sophist.”

IX
Anthemius and Vitello

Vitello * belonged to a Thuringian family, but he lived
in Poland as he himself tells us: “In nostra terra, scilicet Po-
lonie,”*® he remarks in his Perspectiva (X, 74), and in the ded-
ication of his book to William of Moerbeke he calls himself
“filius Thuringorum et Polonorum.” Born between 1220 and
1230 he was the contemporary of Roger Bacon, Bonaventura,
and Thomas Aquinas.

In the introduction to his Perspectiva Vitello announces
that he has not made extensive references to optical treatises,
a claim which is not confirmed by the contents of the book.
He writes: “librum hunc per se stantem effecimus, exceptis
his quae ex elementis Euclidis, et paucis quae ex conicis ele-
mentis Pergaei Apollonii dependent, quae sunt solum duo
quibus in hac scientia sumus usi, ut in processu postmodum
patebit.” His determination to avoid references to other
sources is possibly strengthened by the “taedium verbositatis
Arabicae, implicationis Graecae, paucitas quoque exarationis
Latinae,” to which he has previously referred in the dedication
to William of Moerbeke. William himself had scientific inter-
ests; but he did not possess the leisure to study mathematical
authorities, when he engaged Vitello to undertake a work on
optics for him. Vitello also remarks that many of the proofs

47QOn the life and writings of Vitello, Witelo, or Vitello see C. Baeumker,
“Witelo. Ein Philosoph und Naturforscher des XIIT Jahrhunderts,” Beitrige
zur Geschichte der Philosophie des Mittelalters, Band 3, Heft 2 (Miinster,
1908). Cf. M. Cantor, Vorlesung &c., 2 (Leipzig, 1900), 98-99.

48 On the geographical significance of the expression see Baeumker, op.cit.
211.
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omitted in the Perspectiva are set out in his own book De
elementatis conclusionibus, “in quo universaliter omnia con-
scripsimus quae nobis visa sunt et quae ad nos pervenerunt a
viris posterioribus Euclide, pro particularium necessitate sci-
entiarum universaliter conclusa.”’*?

Yet Vitello often refers to authors besides Apollonius and
Euclid. He makes frequent use of the Arab geometer Alhazen.
Risner in his Bale edition supposed Vitello to have used
Euclid, Ptolemy, Apollonius, Theodosius, Menelaus, Theon,
Pappus, and Proclus,” but we may doubt that he had access
to all those authors. It is true that he had read widely in
Greek geometry, but there are indications that he was an
original thinker, not entirely dependent on his authorities.
So much may be understood from his statements at the begin-
ning of his work.

Amongst the authors whom the learned Pole had read
Anthemius may be numbered. The fifth, sixth, seventh,
eighth, and ninth books of the Perspectiva are concerned with
mirrors, the contents of the ninth being described thus: “In
nono quoque de his quae fiunt a speculis columnaribus con-
cavis et in eodem de speculis quibusdam irregularibus, a
quorum totali superficie fit reflexio lucis et vircutis ad punc-
tum unum, quae specula comburentia dicimus, adiunximus
tractatum.”

49 Page 129, lines 29ff., ed. Baeumker. Cf. pp. 230-40.

50 The influence of Ptolemy’s Optics on Anthemius cannot be proved.
But Ptolemy had an importance in Arab and Mediaeval studies of optics
and perspective greater than any other Greek author. The importance of
Ptolemy’s Optics has been shown by A. Lejeune; most recently in his “Recher-
ches sur la Catoptrique grecque d’aprds les Sources antiques et medié-
vales,” Académie royale de Belge, Mémoires, 52, Fasc. 2 (1957).

51 Baeumker, 234. F. Risner, In Vitellonis Perspectiva, 1. The full title
of Risner’s beautiful edition of Alhazen and Vitello is: Opticae Thesaurus
Alhazeni Arabis Lbri septem nunc primum editi. Eiwsdem Liber de Crepus-
culis et Nubium ascensionibus. Item Vitellonis Thuringopoloni Libri X. Omnes
wnstaurati, figuris illustrati & aucti, adiectis etiam in Alhazenum commentarijs,
A Federico Risnero cum privilegio Caesareo & Regis Gallizge ad sezen~
nium. Basileae Per Episcopos MDLXXII. The title of the part devoted to
Vitello is: Vitellonis Thuringopoloni Opticae Libri decem. Instaurati, figur-
isque novis illustrati atque aucti: tnfinitisque erroribus quibus antea scatebant
expurgati A Federico Risnero Basileae.
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Dupuy first discussed the connection between Vitello and
Anthemius. In Book V, 65 Vitello, as Dupuy noted, establishes
that with a single plane mirror perpendicular to the sun’s rays
it is impossible to light a fire; but with several IIrrors it is
possible to do so. In proof of the first part of the proposition
he refers to his own work; but in discussing the remainder he
observes that Anthemius, for reasons unknown to him, main-
tained that twenty-four rays reflected so as to meet at a point
on an inflammable material set fire to it. He adds that Anthe-
mius joined seven hexagonal mirrors together clqsely (i.e. six
placed around an hexagon at the centre), and claimed that by
this means a fire could be caused at any distance whatsoever.
The first reference to Anthemius comes, directly or indirectly,
from the extant part of the wepi mapadééwv pnxarqudrev, where
twenty-four people holding mirrors are said to be necessary to
cause a fire.

Vitello’s next remarks suggest that he followed the rea-
soning of Anthemius beyond the point where our manuscripts
cease. If the hexagons are inclined to each other so that they
can be circumscribed by a sphere, then all the rays which fall
perpendicularly on the surface will be reflected to the centre;
which will increase the heat inside. That is why, he says, it
is better to form a spherical mirror with triangular sections,
rather than with hexagons, because the” number of rays Te-
flected increases in proportion to the number OE' reﬂe'ctmg
surfaces. “Quod si iidem hexagoni taliter ad invicem incli-
nentur, ut ab una sphaera fiant circumscriptibilgs: tunc ad
centrum illius sphaerae fiet reflexio omnium rgdlqrum-per-
pendiculariter ab uno puncto illis superficiebus 1nc1dent1u_m,
et augebitur vigor calliditatis: ‘unde talg specu.lum melius
posset ex trigonis quam hexagonis componi, quoniam nNUMEro
superficierum numerabuntur radii, et virtus augebitur
caloris.”

The statement that rays falling perpendicularly on a
spherical mirror will be reflected through the centre is a miss-
ing corollary of the proof in the Fmgm.entum.Bobzense thgt
parallel rays falling upon a spherical mirror will not meet at
the centre, a property there stated to have been made clear by
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Apollonius. The property described by Vitello has little prac-
tical interest, for if there is only a single source of heat it must
be placed at the centre of the spherical mirror, if all reflected
rays are to be passed through the centre. Dupuy remarked
(p. 440): “C’est donc le Soleil qui occupe le centre de cette
spheére. Mais est-il possible de tracer autour de cet astre,
comme centre, une portion sphérique qui différe sensible-
ment d'une surface plane?”’; and he notes, “Ce raisonnement
n’est pas moins concluant contre le Jésuite frangoise de Ghé-
vara, qui vouloit que son miroir caustique flit une portion
d’ellipse, dont un des foyers seroit occupé par le soleil.”

The penultimate proposition (IX, 43) claims our atten-
tion: it states, “‘Speculo concavo concavitatis sectionis para-
bolae soli opposito, ita ut axis ipsius sit in directo corporis
solaris: omnes radii incidentes speculo aequidistanter axi re-
flectuntur ad punctum unum axis, distantem a superficie spec-
uli secundam quartam lateris recti ipsius sectionis parabolae,
speculi superficiem caussantis. Ex quo patet quod a superficie
talium speculorum ignem est possibile accendi.”

Vitello does not name Apollonius in his proof, and from
his remarks in Proposition 40 it is clear that he did not con-
sider that Apollonius had ever proved geometrically the focal
properties of the paraboloid mirror. Since Anthemius, we
have supposed, was the first to make use of them, it is possible
that Vitello continues the proof of Anthemius beyond the
point where our text ceases. Alhazen is not quoted here:
hence Vitello’s description of the paraboloid mirror was al-
most certainly taken directly from Anthemius, without an
Arabic intermediary. Thus the work of Anthemius was in a
better state in the thirteenth century than it is now. Can-
tor has stressed the accessibility of Greek manuscripts to West-
ern writers in that period; during his travels in Italy Vitello
could have had the opportunity of reading Anthemius. I can
see no reason for supposing that Vitello did not know Greek
well; his preface suggests that William of Moerbeke selected
him for his linguistic ability.*

52 William himself studied Arab works on optics and on burning mirrors.
A useful survey of Moslem work on such mirrors is given by E. Wiedemann,
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Proposition 44 is a description of a method of construct-
ing a reflector having any curved surface whatsoever, includ-
ing a paraboloid. Anthemius undoubtedly made mirrors, but
Vitello claims the method as his own, and though we may
doubt its eficacy, we cannot deny that he thought out the
principle for himself. Vitello’s confidence in his ability to
construct a truly paraboloid mirror is unlikely to have been
tested; the difficulty experienced by Huygens, Hooke, and
Newton in the construction of paraboloic conoids for their
reflecting telescopes four centuries later suggests that Vitello
never attempted to apply his own method.

“Zur Geschichte der Brennspiegel,” Annalen der Physik und Chemie, N.F., 39
(1890), 110-130. I have not seen the work of Gongava, Antiqui Scriptoris de
speculo comburente concavitatis parabolae (Louvain, 1548), which quotes
Apollonius; it is mentioned by Heath in his Archimedes (Cambridge, 1897),
Xxxviii.
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i yovies {vo H i omd) IIBK ™ =xai § BK &pa toy Eovi
5 vaic BZ, ZA. dii& § KB oy &oti vaic Bd, A4 Oué 7o Togv
SEVO'M vy (KA) ©ff A4 xab xowiy vy AB’ zoai qi dte &po
«f BA, AA Toas et dvoly voic BZ, ZA. i
(xazd) @) adra 0 OeyIdjoevas xad § BN Zog <if BK
zai ©i IIB zai ot BE, 5A loar vaig (BA), A4 zai Tals
10 BZ, éA CUVopPOTEQR GUVOUPOTEQOLS, S 2 ’L’o’ﬁ't.ov detxyvodar
(fuiv) vog Ou To¥ B oqueiov meumousvat Gxtivog xol avaxdo-
wévag &mi ©d A Toug elvae vaig Loweic mwhong [vag) ©d odro
wotovong.
&2 vofvvy Oioelvopey oTdgrov mweQuayoufyvyy TweQl T A,
15 (B) oqueic xal Oux Tig doxis v@v pellovedy dvexlioder
axrivey, yewpfoetas § eoquévy yooppy, freg wépoc Eovee ifg
Jeyousvys Bdsipeac, mods v & duBodede Tod slgyuévov Eobrm-
Toov {yiv)evas.
8. Hac &v el vdv. boFévva vomov dyeordre odx Harroy
20 3 wéfov Polijy xatcoxevddouev oy yiveodar Owx ThV
fhiaxdy &xelvev.
xard pdv Todg Exdepsvous 1ag TV Aeyouvay muQiny xare-
axevag Ooxei mwwg &00vavoy &lvar TO 7EOTEIEV' .alel yig

boduey T mvgie i wov ffhwy Sedvre, Frav ey ey

18 mg. (scholium ad lin. 8 pertinens): énei oy éoviv f AH zjj KH,
zal diye térpyrar §f Snd AHK yovie tff HM, lon dou xal 4 AM tjf MK.
Gdie ) AM tff MN %oy éovi” zal 9 MN &ga (om.) o] MK oy doti. xol
diya véruyroc 1) dné KBN (xfu cod) ywvic zjj BM" loy dgw xal 4§ KB
7} BN.

9 zals — doti) om. 5 KB} -Becorr.m. 2. 7 B4] corr. ex lifA m. 2.
9 zff IIB] 4 IIB. «i] %. xai zais) xei «f. 10 BZ] corr. ex BE. 11 fub]
uestigia incerta. 12 zag] deleo. 18 seq. fig.
Vidensk. Selsk. Hist.-filol. Medd. XIIL.3,
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mwoijzar, G¢, eimep & dodelc vémog pa) v edSetac dari Teie
Jhiazxaic Gxviow, &AL &9’ Erepby v1 vebwy pfpoc § Emi vo
vavilov, ody oity € dave Ji TGV Elopuévwy wugluy yevéeIas
10 mgorad&y’ Emerta xab xate Sidorque Ixavdy 1o péxer Tic
8dPewg dvayrdler xal ©d peyedos Tod mugiov xavd T Ex-
Hoews T@y akad®v) oxeddy adbveroy elvar yevéadas® Gave
zeve wig sloquévas Exdédec &80vavov eddéyws vouileaGas
#al 70 7PoTOIEV.
dnedy) 08 vy Agyuufdovs dékav ody oidw T€ ors xadeleiv,
Enaaw poléyws tavogydévros, hg Tac vads vy woleuimy duk
TOY Hlaxay Txaveey dxriver, évayzaiov e0li{ywd xai xavd
zodro dvvaroy elvae v0 mpdflyue, xai. fueis Yewpfoavrec,
xad Goov olév ve fv Emonfavres, T roatryy ExInabueda
xataoxevly fdayée twe meodixdafévres dvayxaic (el Ti)
TEQOAECUEVOY:
7190¢ ©@ dod&vrs oypely Emmédov doérmroov Féow edoeiv,
Gove Ty xove macwy SEmy Eoxopfvny Emi wd eloquévoy
oquetoy flioxyy dxvive Emi-Eregov dverdacdas oyueioy.
¥orw 10 A o9y, § dodsion xevd Twa Féav dxvic ]
B, xal Sfov ¥orw vy BA i vu ¥domrgov mooomimrovoey
dninedoy xai cvyquulvoy T, A oquely Avaxkéodar i To
dodéy I’ oqueiov.
Sneledydw yog mo vod A Eniowvo I
4 9sie, verpfoNe) § tnd {BAT ywvie
L £ diya vij A edI¢iq, xai diik 10D A vocicw
eninedov Eoonrgov 0 EAZ 7odg dpdire i
(A4) edIeiey Ofhov Eorar adrdIev Ex Taw

™
n
N

moodedeypévwr, @¢ § BA dxvic mooomin-

L -~ [ —_—
1—2 /- tais Hheaxals dxtlaw. 11 o7 x@v. dvayxaiov) dvavzaions xol
compp. 19 A] corr. ex I'm. 2. 22 I'] mut. in 4 m. 2. 24 $n6] des.
fol. 1¥. 26 EAZ] m.1, EBZ m. 2. 27 dotad] &i.
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rovea i w0 (EAZ ¥oonmrgov &vaxlaa&q’o‘wm i vo I'" Sneg
¥ber mosfjon.
xal mwéoar &gee al xavd Ty aduvdy Iéav meoamlinrevdes
Gxtives amd vod frlov ni vd Eoomvgoy magdAdylos odaws i
5 AB avexlaodfooviar xerd ﬂagdllﬁlovg dxvives T 4, ég
detxvvadar, Fre, xad’ oldy move pégog 4 Féorv orf vo I
ayueioy T HAeaxj axvive, dus: vob rercédov 2dbrrrgov § @vd-
xhaorg & advd vevijoeras. xai Emeldy § @y mveloy EEaeg
xad Esgov ob ylvetew vedmov 3 v mheloves dxvivag &g vov
10 Eva xal Tov «dTdy TémMOY CUVdyEcdac xal Tis xerd x0Quyny
Seouys aFgolopbvns elxbrwg zal Exxavow yiveadar, xad’ oy
TQéTToy %tk TTVEOS T Tuve o drdgyovros Ta QS ploy xal
magaxelueve Tod Gfgos aupuETEov Tiwdg Gmolater Fegubryros;
offtwe, & vofjoopey xal vodvavvioy mddag Exeivag vag Seoud-
15 oyreec Emi wov wédoy cvvdyeader Témov, Ty Tol elonuévov
wvgds &movedésovar dbvapy: dboy oty ¥avw xal meds ©@ T
ayueio dpeordre To0 A odx Flarroy § to eloquérov didorpue
ngocayaysiy xal Erfpas Ouagdgovs Qxtivas amd Emimédwy
dpoiwy xab ooy dobmrowy, Gore Tig Vaxhidceg by Ev Exel-
20 yoy Gmdoag ovvayousves mosiicas iy e’ Gove ¥orow
et mhebyoy avdody xzard Tiv eloquévygy Féow Foomrow
xacexdvroy xet &nt vd I mepstévewy aypsioy mwoudjore ©o g0-
xeluevoy,
7. va 08 py dvoyeoalvopey nheiogy todro Emwwdrrovres
25 gbploxopey yig, Gg odx FAarrvoy %8 Avaxhddewy xenler o
dpeitov EEagPivar’ xatacxevicwpey olitwg’
¥orw éninedov EEaywvixoy oonroov v0 ABIAEZ xoi vodte
nagaxciueva Erege Suoie Edomege Efayovind xal ovvyupéve
©@ mgotépyw. xard Tog slgnuéves AB, BI, r A, AE, FZ, ZA

1 I'] incertum et correctum. 4 &sontgov| ras. 9 litt. 8 adzd] adr.
12 nvpds. 16 dnotehéowoe. 20 Sate foved Smep xal. 23 seq. fig. 28 &-

ayovexd) m. 1, tergaywried m.'2. 29 ZA] om.
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edJeineg amd frrovog dhiyy Orapbrgov, Ouvvd, eve 08 mveiocYou
nregl Tde Eloquévag eddeinc 4 Aermidwv ovvamTdy 7Q00x01Ae-
Couévay aivoig 7 T@v Aeyopévov yiyhvuiov. € toivvy év T
attd Imuwédn Tol ufdov xaTMTQOU Toujdomey &lvew ol TR
wégeE Loomroe, § avdxhadis Oyhovére dpolwe Ti wday cvvdécer S
vevijoerau. & 08 psvovtoc vol péoov dowvel dxwwitov dud Tevog
Enuvolag edyeo@c mooaredepbvns Enavra té wégE &t v péaoy
dmwvedoopey, Offdov, G¢ zal ab e’

A adr@dy verlouevas &xtives Eni TOV

wégov témoy vob 25 aoyfc éaémrgov 10

Z ;I moegoyivovies. ©h alré 0 mworolvreg
xot Ereoc. TEQE Tepire G Evrec T@Y €doy-
£ /A uévay Foomrom zei Ovvépeve vebew
nt w0 plooy zal Tog Gm adrdY dx-
Tivag &l T0 adtd ovwaydyouey, &ore cvveyoufveg amdoes 15
xare Tov eloquévoy Tedmov Ty oy v 1§ dodévre véng
woLijoce.

0. x&dhooy 88 § edry ¥Fayug yevicerar, € térgacw i xoi
névee admrgors dodely T Toadre muele @ve Enre Fyre Tov
Qoudpdy xal Apear@or obuuergoy GAAAwy didorype xar’ 20
Gyeloyiey vob wic EdPews Caoripates, Hore vog darivag
The A adidy veuvotoas GAMdhac mhéoy OVveacdar mossiv
wy eloquévyy xmboworw’ & &t yig téme vév Eodmrgwv
Svrey zav’ dfvrdrag yoviac of dvaxddosig ¢lAfhuc Téuvovary,
Gote ayedov mavre tov megh wov &Eove wémov Seouoiyduevov 25
Jialrvgodadar) xad i meds w0 doddv =xal piévov oyueiov
riveadas Ty Exmbgwory. ddvarar 08 dut Tijs tdv aftrdy &mi-
édwy dodnrowy xovocxevic xed Thy T@Y molspwioy &pov-
godadar ¥Yw, Gg. wi zadolpdv, Fmov) Badilevory, & Emég-
ovree @Y Totelrey xaréargwy Emivédwy Eyov{riec (rig xorn- 30

1 kiyg) Giyns. 6 Sws &v &l. T mgosribeudvy. 11 magaybvwvrar.
17 seq. fig. 19 dodmrgocs] incertum. 29 ef} . 30 éydu{ziwr.
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GxEVC) aqyvopsvay te &v Toig drepdve néosoy 1Y gonidwy
zal E0déy nlog meguayousvay), &ore mweds wods moleulove,
xede elgyres, vag fliaxdg Gvexddoes vlgém)eadar xai {duck
Todte) e{d)yeodc Odvacdeas, b¢ eloyras, adrdv xaraywvitecda.

&, i pdv ody oijs @Y elgquéviy Eomrvgwy Yror mrvgiwy
xaraoxevic | T %"_Edlptg meog 6 dedey didorque Fbvairo
yiveadas xal ta EAa va fndévea)’ xab yig of peuvyuvor
7egi Ty Do Aoyufdove Tl Peordrov reracrevecIvrowv
{xxadoa) od 0 Evog Euvyubvevaay mvolov dAde did mheidvay,
xel olpae pd) eves wobmov (Eregov wic Gmd vodrov Tob dia-
avijpatog Exxatvocws’ Emedy 08 xal @y ovvidev mvolwy
Suvpubvevoay of mwalatol, ¢ el Tieg TéY uBoléwy morcicS o
xeTCRyQPhs, OgyevixdTEQoy uévov obdeuiny Anddeiky  yew-
perouxiy  glc vodvo Exdéuevor, (GAhe) gfoavees siver Tég
ToLabTOg  RVIRGS TOUES, 0D WéEVTOL y& Tr0l0G xéi"na‘:g'ywo-'
pévae, 0w megaosuede fueic xat Tiveg xdtadas tdv vorodrwy
EufBoléav xataypagis xal Tolrag odx dvemodeixtovs dAié:
0t 1@y pewpergredy Epddwy ‘TioTovubyeg.

tovw yog 4§ Oudusrgos Tod mwvgiov, [medc] § Boviduede
roevaorevéonr, § AB, ©o 08 oqueiov, &p’ § BovidueSe TRy

" @vdzdaow yevéodar, Emi Tig meds dpdéc o AB xal Oiye

25

repvodons atefy ofjs T'EA ©6 A ayusiov vol E 1wgdg of deyo-
rouie voovuévov wijc AB, xai Eneledydw § BdA, xei ik vol
B sapdiighog f?/’xf}co oij AET §) BZ ioy odoe vff B4 xei duix
tod Z magdhdqlos ©ff BA § ZI' [ﬁ] téuvovee iy AEI xavd
10 I’ oqusiov, xal verpfiodw § I'd 0iya xavd ©o @ oqueiov” xei
¥ovas ) OF Bédog vob uBoléwg vof megl deduergoy Ty AB,‘
wg &&ifc Eoraw Ofdov. xei dmeode § BE ebdein el éoadi-

wore wpipate o, droxelcdw 02 ¢ &l Tis magoboys rave-

3 tpéneodad incertum. 5 ¢&Jom. 6 scr. ddvact’ dv. 10 Todrov] zdmov
17 tavras] tas. 19 meds} deleo. 22] wiic) 1iv. 24 magdAdnios) 8. BZ] EZ.
25 mepdAdnlog] 8. 4j (alt] deleo. Fig. non exstat.
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reayis &ls vole, &ic ve vy EK xal vhy KA xai vy AB, xai
Our 7y A, K mapdliglor vaic BZ, ET' JxySocay af AM,
KN, xai rverpiode § dmo ZBA yovie diye v EB eddelq

ar { z
i ”
V4 N

y ra -

A

z0¥ £ aypeiov xavéc 10 péoov voovusvov v@v BZ, AM mapal-
Moy, xai IxBefrjoFwcay af cloquévar mapddiglor mwacas &
&g &t vd 4 péoy xeve va II, P ogueie.

Ayw, 8vv § B éxvic xave megéllqhov odoe ©@ &fove
Géowy, vovréore ©if EA, mgoontmrovoe &mi vo du Tis EB
Zoomtegoy zave: v6 B ogueiov nt 16 A dvexlacdfoetar Juc
v Olge hv Drd ZBA xat meds Yowg avexdieder ywviee, 10
xadic mwpodédeixras.

bpotwg 02 xai iy P{A) @xtive movjoouey dvaxdecdive
i 10 A offvws” Eneletydw yoo § EA edIeie, Spoiwg 02 zab
b EM, EZ. xai Offhov, ¢ § EA oy Eoci vif EZ die vy
deyoroptay wijc mwedc 1§ B yovies. @l 4§ EZ o] EM ioy 15
dovi 0ux T Gmd péoov Tob E gloecdar adrig dmi ve Z, M
oquete” xet § EM &ge Ioy dovi off EdA. verpdode oy §
yovie  dnd MEA Oixe off ETY wvod ¥ xard upfoov voov-

A
1 AB} i8. 7 IIB] IIK. 8 EB] EE. 12 PA]corr. ex P4? 15 B) BI.
16 £] Z. 17 &a] om. 18 Y] A.
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pévov tdv MA, NK mogallijlov, veuvodoy 08 vy MA mag-
&AAqhoy zore vo T. 640‘: ¢ b O JeyPjosvae xai § MT
og o TA zai § T of) ... ... I

Sequitur fragmentum Bobiense.

5 (¢res yao oov dovi w6 dmd vav AT, AH v§ ano vijc)| EH,
zerganhaciwy 08 § I'A tijs AB, to &po vevgdxg dmd v@v
BAH, tovréore o tevpdxig Do .
@y BAA, ooy doct ©6 amd Tijg
HE, vovtéore ©@ Ttergdxic ano

10 zijc AZ" loov &pu xai to Do @Y z
BAA ¢ amo vijic AZ {3p3)

oo § mpdc) T Z ywvie. xei

dovwy Loy § AZ o ZE toy oo
xat § AB ©ij BE.
15 dederypsvor 08 vobrov Eorw

x6vov Topl) walw magaBord, fe r
dudpergos udy § AB, mwag’ iv 68
dbvaveas § AL, zai tifs Al véragroy ovm § AB, 2ol amH
Toxdvrag oqpelov ta@y &ni Tijc Touis o AB magdddyhoc xIe
20 § EZ, zoi dmeledydw 4 EB.
decxvéov, &rv f ZE meds foqy

yoviay &vexézlactoar 1weds T Toud.

H G

#yrdo yoo 2epanmvopbvy 4§ AEH.

duee 0) v moodewyPdyv Toy Zoviv 4
25 4B v BE" Bore xzai ab 1mEds TONG
A4, E onueiorg yovies iowe zab of
orcd @y AEA, HEO Ioat. depfové
odwoay yovias dudgogor” Aowal doa

1 ‘l:eyvodas. 3 des. fol. 2¥. 8 zaw] . 12 Z] E? Fig. minus adcurate
descripta, Z om. 15 decdsyuévov, sed corr. 19 zav) 7. 22 ;zo‘x;.
23 épantouln 5 (del) 24 dj] de. 25 «f] supra ser. 26 «f] om. 27 z@v] 7.

28 ywvine didpogos] uix sana.
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at dnd vy BEA, QOFEZ ywvie: Yoc. Suoiwg 02 deckopev, &y
xel wioor ob vif AB magddlylor dyéueves wedg loag yovieg
avaxdecdfeovras mweds ©o B oquetov.

xal T pdyv meds uBoleis tijs dgYorwviov xévov Touis

xavaoxevalpeve mugie (xatd) Tov mpovmwodederyusvoy T9briov’ 5

dadiug &v dmvoro mods T dedopsve " te 08 mwegi vac. Tod
xxhov regupepeiag mwlw Dmodeixréoy wghixy Te Tegepegele
zal 7ol vy Eayw (mwodf{oe)rar. of uév ody madaot 0{i€)laBoy
)y oy mosicdar mwegh vd xévigoy Tod xardmrgov, vodro
d2 YPeddog AmolAdveog pdhe debrirwe) ... . . .. 70e0¢ TodC 20T- 10
orw?(m)oz‘)g Edecke(y), xai megr Tive 08 vémov # Sxmbowaig Eoras,
dueveadpyxey & © mwegh Tob muvgiov. Sy 02 Tod7wov dmodsix-
viovow od S . .............. 0z, 8 xal dvoboyewe. xed Ouce
pexgotéowy ouviceqowy. o iy dldé | wés pdv S’ adrod
xopilousvas &modslEesc ’n'aga“wev, &¢ 0 advol TeoUPEgouey, 15
xFoda megaIduey, ody o5 dvviwagaridérves Exetvaic Taig
anoletEeow” vobro yop d¢ Ahpdde xbavosd yehedor{e) elc
ooy Setv” @AL' G advol dedvvyuévos mgoguodéaSas Tolg
xenovopatoday &y pwadijpaow eloquévoss.

Sureicdw zéxlov.ytegtqzégem i ABL, & § § AT ¥orw 20
A TeTQaydvov  mhevpd, xfvrgoy 08 wob
xbxdov ©o A, xai § AEB ¥ySw zdIetoc _
i vy AT, xai iy § Bd v§ O, xai

A OKe__\p amo vvydvios oquelov off 4B wagpdlddyloc
¥rdw 4 ZH. 25
Myw, #ro § ZH avaxdecdijesvar
P b\ V/ 7 4 7mgog lagy ywviey perald tov E, 6.
P énsletydwony yoo «f 4H, HO, HE,

1zav] 7. 320 tw. 6 dedouévy] dedscypsvw. T megupegeias] ).
15 anodeibes. 17 todto] vo. xvavoeo yehdov &g, 19 gu.  slpnuévors] su-

N X ¢
spectum. 20 paragraphus mg. 23 di teuvy mg. 27 tav] . 28 yap af]
COIT. ex toc.
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e §f OB O vod zévrgov dovi, peilov. § OH ijs OB.
fog 02 §f OB ©ij O4" dréxswor ydg’ pelfwy doa doriv, §§ HO
vijc A0. pelloy dpa doviv § o 1oy OJH yovie, vovréory
§ om0 AHZ' & yig magaddflows ab qaldd’ Tig dmo JHO.

5 quel 02 petlov doviv § TE tijc EH" andregoy pév yag 4 ET
viig O vod xéwrgov, ¥ypeov 08¢ § EH' Yoy 08 § I'E zjj Ed,
é¢ OclEopey, peilwy Goa doviv § Ed vijs.EH  peiloy foa xal
yovie § Owo téyv EHA i oo EAH, rovréate s O TdY
JHZ. éoowy 08 &eiydqy § dno vov OHA v dno J#HZ®

10 § doa dmd vdv AHZ vijg pdv 7o v OHA Eove peilwy, i
02 omd tev EHA doowv. § &pe o] Omd vév AHZ ioy
ovniorapsvy perald @y E, O oguelwy medetrar. %’qrm 7 0o
oy KHA foy v dmd w@v 4HZ. Eove 08 xal 4 Omd wdv
AH(B) Yoy off omd AHI" §,pév yio 4H duec vob zévrgov

15 odor (Srbrecras, al) 08 vob¥ fuexvediov ywviar oo éAhjlais’
Aowrry) dige § Do wijs HZ eddelog xab wijs HI' megupegeiog
yovie Ton &oti v ond vijc HK eddelag xal vjs HB mege
pegelag. .

buolwg 02 xai ab Aowal of BdA moagddhqlos dybueves

20 @vaxdaadijoovree 719ds loqv yoviay petafd tidv E, O° xab
xSy’ Gy doa viy ABL megupégeuey mwagdhdyglor dydueves
©ij B4 avaxrhaadfeovear mweds logy yeviay pera§d tov E, 6.

2oy 0 peviotloys vijs BA 6 ABT tpijua mweguevexdéy elg
v adrd &lmolravacradi, ¥ovas opawgux) Emipdvese, meds iy
25 {af) mods (vag) Toeg yovieg xhdueves mwagdddglot ©if BA

14
1 énei] & €. gnd). 3 aw) o). 4 yegl I, d76 (alt)] om. 5 éned &'

y2g] 1): 6 &yyewov corr. ex snetor, 7 usilor (pr.)] ﬁ supra ser. 8 &y (pr.)] T
zijs (alt)] corr. ex zod. THY (alt.)) #{-). 9 w@v] 7. 10 zaw (pr.)] Z (h. e’
zije). tav (alt.)] 5. 11 av (pr.)] 5. tfj] supra ser. tav (alt.)] z{).
Fig. om. 13 zov (pr.)] o tdv (sec)] corr. ex myv. &otd) *. -t&:w] 7. 16 HZ
cddelas) 1—7_419—“} HI’];. nspupepeias) om. 20 o] . 21 epeuce. 23 dn] de.
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pevadd t@v E, O vy edpnrwoy modcovier. xevecxevaddiy-
vog {00y} zarimrgov mods vov ABI 2uBodéx xoi Tredévroc
olivws, dare vy BA vsvew dmb vd xévrgov vod fhiov, ab dme
vol fhiov gegbusvar axvives mogdddqlor pdv ©i] Bd Eyex -
govres, mQooTtinTovees 02 T Emipavels.

[..... esgyacouévolc) . . . émei olv
dovwy, g 6 El xiwv ods wov A(I)
xiove, 6 amod vijc PI' x68og TEO0C
wov ano i NI zdfov, &¢ 08 6
2 and tic Pr xtfoc 7TE0S TOY ArTd

vijc NI =6Bov, 4 PI mpog Y ..,

xiwy 105 TOY Al xiove, . .. .. QOGS
..... 76QOC . . Tov adrov ¢ doFEvre .. ......... {vdv ad)row
¢ Jodévre. dg 08 of PH, AI xioveg 7gde alddqlovs . .. .. xoel

of NA.....

avumenovdire dmdoye, xard vy Savogiay delxvuvras xai
megd doywifdes xai mwagd Amollovip xadegds, Gove odx
Qvayzaiov fuéc mdlw Sexvivas, hapBdvew 08 & Erofuov
xofouor. ©6 uévror ye mogaxodovdely dvayxaiov odx EEiov
TogamEuas’ TGV yop vowobrov [hryeic olrsic el mavveldic,
s ¥pyy, T4 dixaiog & xhyFévee Movedy vi§y mooaixovae.

TOBTOY Py yag maveds ovegeod ayfuatos aloowévov b 70013
Te weréwgoy  edyeocotéox  yiverar Gik TG pyxevexflc dhxd,
éméray &x Tod xévroov vod Bdgovs §hoy 550:9;1337 pi ywou€vov
r¢o volrov Jvayeels Toig Elxovaw § dvaywyl dxolovder. mav

9 &g — 11 x¥Sov] mg. 16 hic seq. fig. 21 évayxeiov] suspectum.

v . v
22 7' y totovr'. (yrnocwv. 24 paragraphus mg. mpwr. yéol I, Bdgos
Diels. zave. aynu'. mgds] 6 fdgos mgds Wattenbach, 25 edyegéoregow
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Index

Acute-angled cone, 27

Agathias: on family of Anthemius,
1; describes reflector, 3

Alexander of Tralles, doctor, 1

Alexandria, and Anthemius, 3

Alhazen: and Anthemius, 11; on
spherical reflector, 23; and Vitello,
40, 42

Al Singari, 10

Ancantherius, 35

Angle of Incidence, 8

Angles in a semicircle, 22

Anthemius: birth, 1; and St. Sophia,
1, 2; artificial earthquake, 2; dis-
pute with Zeno, 2; blinding re-
flector, 3; and Isidore of Miletus,
3; death, 3; on describing an el~
lipse, 9; on constructing an ellipse
by tangents, 10; and Diocles, 10;
and Alhazen, 11; on Archimedes,
12, 15; relation to Pappus, 19;
probable author of the Fragmen-
tum Bobiense, 29; estimate of
work, 30; read by Tzetzes, 36;
read by Vitello, 41. See also Archi-
medes, Directrix, Dupuy, Euto-
cius, Heiberg, Isidore, Tzetzes

Apollonius of Perga: and Eutocius,
3; on the focal distances of a
point on an ellipse, 9; On the
Burning Mirror, 10, 21; ignores
focus of the parabola, 19; On
the Researchers into Mirrors, 21;
and date of Fragmentum Bobiense,
23; on reciprocal dimensions of
cones and cylinders, 25; on draw-
ing an hyperbola, 27; on the Cat~
optrici, 29; and Vitello, 40

Aquinas, Thomas, 39

Arc of Circle, 21

Archimedes: followed by Diocles,

10; burning of the Roman fleet,
12; respect of Anthemius for, 12;
used a number of small mirrors
to cause burning, 15; on reciprocal
dimensions of cones and cylinders,
25; On the Sphere and Cylinder
11, 4, 27; Quadrature of the Para-
bola, 32; studied superficially by
Tzetzes, 37

Aristaeus, 19

Axis, Apollonian term, 28

Babylon, 1

Bacon, R., 39

Baeumker, C., 39

Balances, 25

Bile, 40

Ball and Socket Joint, 13

Baynes, N. H., 2

Beam, 25

Belger, C.: on authorship of Frag-
mentum Bobiense, 26; on date of
Fragmentum Bobiense, 31; men-
tioned, 8

Bibliotheca Critica [Amsterdaml], 4

Bitumen, 1

Bonaventura, 39

Bowshot, 12, 13, 15

Brunet, F, 1

Buffon, 16

Bury, J. B.: on George Monachus,
16; mentioned, 2

Cantor, M.: on focus of parabola,
24; on Vitello, 39; mentioned, 31

Catoptrici, 29

Cauldrons, 2

Centre of Gravity, 25

~ Cissoid, 10

Column, 24

Coolidge, J. L., on focus of para-
bola, 24

Curvilinear angles, 28
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Dain, A.,, 35

Daras, 1

Darmstaedter, E., 2

Descartes: his mechanical descrip-
tion of ovals, 9; on burning mir-
rors, 16

Diels, H., 25, 32

Diameter of Parabola, 28

Dijksterhuis, E. J., 37

Diocles, on burning mirrors, 10f., 27,
32

Dioscorus, doctor, 1

Directrix, used by Anthemius, 19

Downey, G., 2

Dupuy, L.: helped by de la Porte
du Theil, 4; first edition of An-
themius, 4; on manuseripts of An-
themius, 34, 35; on Vitello, 41;
mentioned, 3, 8, 16

Earthquake: described by Paul the
Silentiary, 2; artificial, 2

Ellipse, focal distances, 9

Equilibrium, 25

Equinoctal ray, 6, 7

Euclid: so-called Book XV of the
Elements, 3; Elements X1, 15,
24; on curvilinear angles, 28; and
Vitello, 40

Eutocius: and Anthemius, 3:; oa
Diocles, 10, 27

Finé, Oronce, 16

Foci of Ellipse, 9, 10

Focus of Parabola, 10, 11, 21, 23, 33

Fragmentum Bobiense: terminology
27; translation and notes, 20ff.;
authorship and date, 27ff.

Galen, 37

George Monachus, 16

George of Pisidia, 34

Ghévara, Fr. de, S. J, 42

Gibbon, E, 2, 16, 38

Gongava, 43

Graux, C., 32

Havry, J., 1

Heath, T. L.: 3, 5, 11; on focus—
directrix property, 19; on date of
Fragmentum Bobiense, 27; on

language of Fragmentum Bobiense,
32, 33; mentioned, 18

Heiberg, J. L.: text of Anthemius,
5;0on the text of Fragmentum Bo-
biense, 24, 32; on authorship of
Fragmentum Bobiense, 26; on
MSS of Anthemius, 35; men-
tioned, 3, 11

Hero of Alexandria: on conducting
steam, 2; on range of artillery,
16; named by Tazetzes, 37

Hexagonal mirror, 13, 37, 41

Hexameter, 31

Hooke, R., 43

Horizon, 6

Hultsch, F.: 3, 19; oa MSS of
Pappus, 35

Huygens, C., 43

Isidore of Miletus: colleague of An-
themius, 1; on Euclid’s Elements,
3

Isidore of Seville, 31

Justinian, 1, 30

Kepler: on focal distances of ellipse,
9: blind focus, 24 )

Kiessling, T., 3

Kircher, A., 15

Lambecius, 34, 35

Latham, M. L., 9

Latus rectum, 42

Lejeune, A., 40

Livy, 16, 38

Lucian, 37

Mai, A, 31

Marcellus, 15, 36

Mechanical handling, 29

Mélot, 36

Menaechmus, Eutocius on, 27

Menelaus, and Vitello, 40

Metrodorus, 1

Milan, 31

Mirror: oven shaped, 8; early mir-
rors described by Alhazen, 11; to
blind enemy, 14; paraboloid, 32,
43, See also Hexagonal

Mixtilinear angles, 21

Moerbeke, Williamn of, 39, 41
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Molten lead, 1

Muses, 25

Neugebauer, 0., on focus of para
bola, 24

Newton, Sir 1., 16, 43

Niebuhr, B. G, 1, 2

Nika Riot, 1

Nilén, S., 37

Noise, machine to make, 3

Nonnus, Dionystaca, 2

Obtuse-angled cone, 27, 28

Olympius, lawyer, 1

Oronto Fineo, see Finé, Oronce

Pappus: focus and directrix property
in, 19; on focus of parabola, 24;

Paris MSS, 34; MS Vat. Gr. 218, 35;
and Vitello, 40

Paraboloid Mirrors: 32; described by
Vitello, 43; paraboloid of revolu-
tion 11, 18

Parallel rays, 17, 18, 22

Parameter of parabola, 20

Paul the Silentiary, 1, 2

Peyron, A, 31

Philo, named by Tzetzes, 37

Pinder, M., 16

Pipes, leather, 2

Pneumatics, 37

Poland, 39

Polybius, 16, 38

Poseidon, 3

Proclus, and fleet of Vitalian, 16

Proclus, and Vitello, 40

Procopius, 1

Prou, V., 16

Ptolemy: Optics, 23; and Vitello, 40

Reflector: to blind, 3; circular, 21;
spherical, 23

Risner, F., 40

Schmidt, W., 3

Schneider, J. G., 4

Semiramis, 1

Smith, D. E,; 9

Solstices, 7

St Sophia: rebuilding, 1; design and
construction by Anthemius, 1, 29

Stephanus, doctor, 1

String, to draw ellipse, 8

Syracuse, 15, 16, 37

Surface of incidence or impact, 8, 17

Swallow, 33

Swan, 33

Taylor, C., 9

Theodosius, and Vitello, 40

Theon, 40

Thuringia, 39

Tralles, city of Lydia (or Caria), 1

Tzetzes, and Anthemius, 3, 36

Vatican, MS Gr. 218, 4, 35

Venice, MS of Anthemius, 35

Ver Eecke, P.: 3, 5, 7, 8, 16, 24; on
authorship of Fragmentum Bo-
biense

Vertical angle, 7, 10

Vienna, MS at, 34

Vitalian, 16

Vitello: 3; and Ptolemy’s Optics, 23;
Perspectiva, 39; on Euclid and
Apollonius, 39; name, 39; De Ele-
mentatis Conclusionibus, 40; and
Alhazen, 40; on burning mirrors,
40, 41

Wachsmuth, C., 31

Well-sinking, 37

Westermann, A., 4, 35

Wiedemann, E., 3, 11, 43

William of Moerbeke, 39, 41

Witelo, see Vitello

Zeno, orator, 2

Zeus, 3
Zeuthen, H. G., 23, 33
Zonaras, 16
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GREEK WORDS

Bapovikd, 37

Beprapdos BpiyaXMepos, 34
BeBNiov igTopikis, 36
ywrlae ddgopor, 21

uéNBSos, 1
malacol, 28
wrevparicd, 37
wolvuixaros, 2

dlakov, 3 wupior, 10
éuBolets, 8 ohpuerpoy, 7
Eomrpov, 3 Té\ua, 1
fahacaodiuerpas, 37 rerpamd, 36
xarowrpixol, 33 Udpird, 37

kérrpw kal Saorduare, 7 vwoko\awbpevor, 3
Kopvpy, T xeledoves, 31
xikpoe, 31 xwreia, 8

wyxaveypigos, 37
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