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THE BYZANTINE EARLY WARNING SYSTEM

Several of the Byzantine chronicles and Constantine VII Porphy-
rogenitus give it as a ground for censure against the Emperor
Michael III (842-867 A.D.) that he ordered the dismantling of the
beacon system which gave warning in the capital of hostile Arab
movements on the eastern frontier in Cilicia. The story, which is
probably only a éyos against him, goes that Michael was busy with
one of his horse-races (in which he won) when the beacon nearest to
the city indicated that an Arab invasion had taken place. So as not to
upset the crowd for the next day he commanded that the beacons
should not operate thenceforth.

The amount of detail given by the sources varies, but the fullest
circumstantial account of the system is given by the chronicle of
Pseudo-Symeon (referred to hence as “Pseudo-Symeon™ for con-
venience). The text of the passage in question is as follows (!).

6 puddoogos Aéwv ¢ Osooalovinne yevouevos mpoedpoc, @ Pactiel
BOcopilw oupfovdeioas, g wpoddyia énoingey dvo & ioou xdpvovta * xai
7O jtév £v Eml T ppoupits Tt xata Kilixiav i) Tapsw ninowdlov drélero,
0 68 Etepov év T madaties épuldtteTo, dmep elyov yeypauuéve ic

(1) (PsEUDO-SyMEON = ) SyMEON MAGISTER ET LoGOTHETA (ed. I. Bekker. CSHB.
Bonn. 1838), pp. 681-2= PG, 109, col. 743 B-D.

On the Byzantine beacon system generally see :
W. M. Ramsay. The Historical Geography of Asia Minor (London, 1890).
pp. 187, 351-3 and addition. p. 20 :

J. B. Bury. 4 History of the Eastern Roman Empire (London, 1912), pp. 246-
81

P. LEMERLE. Le Premier Humanisme Byzantin (Paris, 1971), pp. 154-5 ;

A. Toynee., Constantine Porphyrogenitus and His World (London, 1973).
pp. 290-300

P. Dvornik. Origins of Intelligence Services (New Brunswick, 1974), pp. 142-3.
with a map, pp. 144-5.

These works are referred to hereafter by the surname of the author only. There
is also a brief account in L. BREHIER, Les Institutions de I'Empire byzantin® (Paris,
1970). pp. 268-70 and notes pp. 526-7 (=ed. of 1949, pp. 331-3).
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exdoTny wooy ta év Zupia yevopeva, olov Thv mpdiTny Gpay & Exdpop) Téy
Zapaxnuew yéyove, mv f° € modenos, v v el dumpnoude, v & &
dAho T, xai el T lotmeg Cuoiwc. & TGV yeypauuévey obv Stidera
unobéoecy €l T xiv owvéfin dv Zupia, &v 17 dpg v 1 1) inobeaic yéyovey,
aVaTTWY AR TG éxeioe pavdg, émel xai of puAGooovTee xol dTeviis xai
dxpuficic flémovtes to Terumwuéva év avtoic foav, uetedidoto e 6
pavos Gro ToU @povpiov Tod Aeyouévou AolAov toic xatd Tov Apyaiay
Bowvov xai albls Toig xata Tiv apov xai tois xatd 6 Alytlov, elra Toig
xate Tov Mapavra ndadew fovvov, de’ ob ¢ Kiplog, elta 6 Maxihoe, do’
09 6 Tob dyiou Abfevriou flouvis Toig év T madatie xaTa TV Hhiaxoy TOD
Dapov dactapiows apuptopévows &v fpayel énole pavepdy. (nmevouévis ody
10 facidel Mugand, dg elpnrar, 6 pavie ovuavey Exdpouny Tiv
Zapaxniv. aitis mpog To w1y Tods Oeatds Tod (nmodpdpou yadapwrépoug
7] adpov yevéolow, mpogétaley unxéte TotovTous pavols Evepyeiv.
“Leo the Philosopher. who became bishop of Thessalonica (2),
acting as adviser to the emperor Theophilus. made two sorts of
timepieces which worked at the same rate. The one he set up in the
fortress in Cilicia near to Tarsus and the other was kept in the Palace.
They had marked on them against each hour what was going on in
Syria. For instance if an Arab raid had taken place. that was against
hour 1: if it was war. against hour 2 : if there was general arson.
against hour 3 : if something else. against hour 4 ; and likewise
against the remaining hours. So if any of the twelve occurrences
which had been marked by pre-arrangement should happen in Syria.
at the hour where the occurrence came they lit one of the beacons
there. As watchers were looking out intently and carefully for what
was indicated by them, the beacon was immediately passed on from
the fortress called Loulon to the men on the hill of Argaias and
straightway to those on Samos and on Aigilos, then further to those
on the hill of Mamas. Thence Kyrizos : then Mokilos, thence the hill
of §. Auxentios quickly gave the news to the palace stewards
appointed for the purpose up on the balcony of the Pharos.
So the emperor Michael was staging a horse race, as was said.
when the beacon indicated an Arab raid to him. But he, in case the

spectators should be less orderly the next day, commanded that such
beacons should no longer operate™.

Leo the Philosopher is none other than the professor also known
as ‘the Mathematician’, the outstanding scientific scholar and elder
contemporary of Photius. He has often been attributed with the

(2) 840-3 A.D. cf. LemerLE. p. 150.
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invention of the fantastic devices, such as the hydraulic throne, the
-mechanical tree with its birds and the roaring lions and griffins
which provided such an impressive seiting for the Emperor at the
Magnaura Palace (°), though he presumably knew how to follow the
instructions in the treaties of Hero of Alexandria on hydraulics and
mechanics. We are, however. concerned here with l.eo’s beacon
system more than Leo himself.

The other accounts of the stations in the system, in Theophanes
Continuatus. Constantine Porphyrogenitus (De Ceremontis), Scylit-
zes, George Cedrenus and Zonaras (%), are briefer : all have close
verbal parallels, a reflection. no doubt, of the common ground of the
Byzantine chronicles for much of their material. No other source
besides Pseudo-Symeon mentions either Leo as the inventor or the
wipoidyea, and in each there are small variants in the names of the
beacon points. We shall look later at the sources and differences
amongst them went it comes to the report of what Michael I} did
with the beacons and at what time of day the message came to him.

Constantine Porphyrogenitus ). before describing the beacon
system says the following :

(3) On Leo see LeMerie. chapitre V1, pp. 148-176. On the automata at the
Muagnaura {(which Lemerle doubts should necessarily be atiributed to Leo). see
ibid.. p, 154, n. 27,

43 TuropHanes CosTinuatys led. 1. Bekker. CSHB, Bonn, 1438, pp. 197-
8=/G.109. col. 211 C-D) has Apyaioy for Agyeiay  “Irauov for Sapov.

Consranting PoreryroGENTTUS, De Ceremoniis (ed. 1. 1. Reiske. CSEH. Bonn.
1829 1. pp. 492-3 A ppendix ad Librum Frinnem) = PGCYE2 ol 932C-9338) has
Apyéas for Hpyeloy : "Oluuros Tor Mépavra | Movwirog éndvor v Hudow for
Memidoe.

loannss Seviarzar, Swaopsis Historiarum. ed. T, Thurn (Beriin, New York.
1973). pp. 107-8 has Apyadw for loaua for Zguov. and is copied by Caprenus fed.
1. Bekker. CSHB. Bonn. 1839, I1. pp. 174-5 (= #G. 121, col. 10560 A-C), with
Apyaitw for Apyaiay ; "laguey for Lagpov  Adyeadv for Alyidov, Kioxes for Kipeloc
Méxiddog for Miido.

Zonaras, ed. L. Dindorf (Teubner. Leipzig). IV (187 1. p. [6. (= ed. M. Pinder
({CSHB. Boank 11T (1897), pp. 404-406 = Pe;, 135. 28B-29A) has Apyaiws for
Apyedens © “lowgov for Sduov cKilezov Tor Koplog. He does not mention the Pharos
and says (hat the signal came 10 the emperor from Mt. §. Auxentios. which may
mean the same thing as the other sources bul might reflect a later state of the
system after Michael stopped at least the Pharos beacon working.

{5} Constanting PorpuvroceniTus. De Cer, ICSHB). p. 492 (=pPG. 1132,
coll. 932C-933A1 {The addressee is his son. Romanus 5.
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érel odv T mpd Y sor mpoexreleisay Saotliy rufeidiow Exleory,
reTpl 0T mavie melbievog, dvyuesg xuling, roosTixov Spa aor xul to
7p6 v Tafadiuy ywoueva Suwdlelv Te xai fxuolely, Srws 18 paviw
Tevedy xal daprdbey Tav & Swoxdic mpiv dvnupdvon ¢ Booideig év jua
ting v Thv Sytisiy el watendvlovey fgodov. diL & Tiw mpoxeyévioy
o0e xeQuAaioy Tabta Tpavertepov Snhwlhoeras.

“Now since. obeying your father in all things. you have diligently
read the account of the imperial military expeditions before Qur time
which We set down for you. it is appropriate that We should explain
for your instruction what happens before the expeditions : that is,
how the emperor used to learn of an enemy invasion as it happened
ina single hour by means of beacons and {flares which had been lit in
succession. This wili be shown more clearly from the sections of this
book which you have belore you™.

The important point here is that the message arrived at Constan-
tinople in one hour — év wd @pe. After the details of the beacons,
Constantine goes on to add (*) some details of how the message was
dealt with once it reached Constantinopie :

(ovéov, 6Te, vaw gaviv Todtum mdvtew dddviay, euls of yuprouddptor
e £ atdfhen xal suppeuevTaou xakivow T Rastld gloya, xul
i fasihend oayidoia shrpemioavtes edflic xivouy, xal HUTAEYOVTO g Thv
00 facidéus drdvenown &0 Hbdaw. 6 &8 Buoties Erpyeto uévor Tow
[lviciv, va 8¢ Baothund oelhipua xai of dpyovees xod of lowel of dmo Thg
abLewg Eeoydpsvor Tl Enpdg, mpvehdufavov tov Busilén ele Midag, xal
§re 70 Taw Lapwaery pesedrov el Tiel mpdc Td Tic "Puniaviag
oueTapEve, v ¢ Bacthevs bk el dmdvinow uoTod.

"You should know that. when all the beacons had been lit. the
chartidariof of the siier stables and the saplrameniarioi immediately
shoed the imperial horses, set ready the imperial pack-horses and gol
them moving straightway. then went down to meet Lhe Emperor at
Pylai (). The Emperor went owt as far as Pylai. and the imperial
cavalry and its commanders and the rest in the city set off from the
mainland and waited for the emperor al Pylai. When someone
spofted the encampment of the Arabs against the established
boundaries of the Roman Empire. the emperor was immediately
there to encounter it )

(6) fbid.. pp. 4923 (= PG, 112, col. 933B-C: of. ibid.. p. 474 {(=pg, 112,
col. 909C;3.
(7) Pylag on the south shore of the Propontis. see RamMsay. p. 187
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To this we might add that Theophanes Continuatus says that the
reporting of the message was the duty of the ramwiog, an officer of
the Imperial Patace (¥), .

Theophanes Continuatus says that Michael ordered the beacons
near the City not to be lit henceforth {uyxér: toug TAnaalovtag pavolc
gvepyelv mpocétadev), Skylitzes (cf. Cedrenus) likewise reports that he
only curtailed the lighting of the beacons nearesi the capital
(npooérade unxét' dvepyeiv Toug Ti faoiiidi yetoveivtag wauxtove [vel
{Cedrenus) mupoosc]). This is perhaps the truth of the matler, a less
rash action on his part than the pejorative accounts of the Chronicles
actually sugpest. Zonaras also speaks of a ban tav 77 faoiibe
yerrovorTwy rupaiy (%),

There are two aspects to the beacon system : (i) the beacons
themselves : {ii) the method of operation of the system. The former
has been investigated already. but the latter seems not to have been
given much thought. First. however, we should consider the details
of the siting of the beacon fires.

(i) Tue BEacoNns

The early warning system consisted of a row of nine beacons
beginning at a point in the Taurus mountains which commanded a
view of the roads and passes north of Tarsus and ending at Con-
stantinople right next to the Palace on the Pharos. Watchers were
engaged at each beacon but the first to observe constantly the
previous beacon in the chain : at the easternmost beacon the Arabs
themselves were watched. At each ends of the chain, Loulon in the
east and Constantinople in the west, a wpoddyov, or limepiece, of
some sort was kepl : the two dwodéyia worked together in some way
and were equipped with marks which indicated certain messages
against each hour.

The details of the beacon chain and tihe sitings of each beacon
were worked out by Ramsay at the end of the last century. He
placed Loulon on a thousand-foot peak above a plain four thousand
feet above sea level in a position commanding the pass and roads

(8} Thzornaxnes Contvuatus (CSHB), p. 198, 11, 2-3,
(9) Cf. Bury. p. 285 esp. n. 3.
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between the Cilician Gates and Tyana, north of Faustinopolis and
said that its ruins lay to the north-east of the later. Turkish. ruin of
Ulukigla at Porsuk. Faustinopolis has been identified more recently
further north as the now abandoned village of Bagmakgi. From the
now known configuration of the roads from Podandos to Tyana,
one via Faustinopolis. one via Tynna, Louion would better have lain
between Faustinopolis and Aguae Calidae, where both roads are
commanded and an Arab inroad up the Tynna route would not
have been missed. This is the view taken by Hild. He points out that
Ramsay’s location will not work since it is not possible to gain the
necessary view {0 the next beacon, which, with Ramsay. he takes as
Hasan Dag1 {but cf. infrw). Hild locates Loulon south of Fausti-
nopotis (Bagmakg1), about 4 miles north of Cakit-Tal. 8 miles north-
cast of Porsuk between Canaker and Gedelli on an isolated peak
6.300 feet higher, which rises above the other ridges of the Taurus
in this region and provides an excellent view over the road through
the Cilician Gates and north-west to Hasan Dag1. the second beacon.
Ruins of 2 Byzantine town have been {ound here. Ramsay goes on
to say that it must have been captured in or some time afler
782 A.D. and held until at least 811. However, {from the campaigns
of Hirtn-al-Rashid in 806 as recounted by Theophanes it Is
probable that Loulon was not a major post at that date, since he does
not mention it with other captured places as he certainly would have
done had it then enjoyed its later importance ; its construction
therefore may only date to after 806. In Arabic the place is known
as Lu'lu'a ("pearl™ or (As)sakaiiba {'%).

{10} On the beacon system. see Ramsay, pp. 187, 351-3 and addition. p. 20.
Loulon is modified by Ramsay in the Geographical Journal. X XI1(1903), pp. 403-
5. with a photograph. p. 404, and & map, opposite . 484. Cf. A. A. Vasiiey,
Byzanice ef les Arabes. | (Brussels, 1935% p. 116 and n. 1; E. Honiomaxk. Die
Ostgrenze des Byzantinischen Reiches { = foregoing. voi. 1T {Brussels. 1935). p. 45
and nn. 4, 5,

On the identification of Faustinopolis see M. H. Banrance. Derbe and
Faustinopolis. i Anatolicn Studies. XIV (1964). at pp. 140-2 ; on the roads 1o
Tyana. cf. jbid,. pp. 142-5, with a map. p. 143. Hilds views on the site of Loulon
are in F. Hun, Das Byzantinisches Strassensystent in Kappadokien (= Tabula
lmperii Byzantini. ed. H. Huscer. 2) {Vienna, 1977 pPp. 53-54, with a sketeh
map. p. 55, and photograph. Abb. 22. He says {p. 54) that the name Loulon is not.
as Ramsay said (p. 3531, derived from the ancient Halsta. but from Mount Lolas.
On the frontier generally, see J. F. Hatnow, and H. Kenneny. The Avab-Byvzanting
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At all events it was back in Byzantine hands and lost by them to
Al-Mamuin in 832 (') We next hear of it in A.H. 245 (8th April,
859-27th March, 860). when the contemporary Tabari, whose
account s the fullest. says that the irhabitants prevented their
governor from entering the city for thirty days. The Emperor,
Michael HT (the same bogey-man who stopped the beacons working
in our Byzantine chronicles), sent them a patrician and a thousand
dinars to surrender Loulon to him. They allowed the patrician {a
“logothete™) to enter the town but, on receiving their pay. then
surrendered him to Balkagir (between 27th February and 27th
March. 860}. The envoy was then taken away and imprisoned. Asa
ransom the emperor offered a thousand musuiman prisoners. Then,
in A.H. 246 (28th March, 860-16th March. 861) an Arab envoy
arrived at Constantinople. Before long, Tabari says from the account
of this envoy, a deputation arrived at the capital from Loulon. They
said that they wished to adopt Christianity and come over to the
Emperor’s side. Meantime the Arab envoy was ignored for four
months, but when the emperor heard that Loulon had ejected his
patrician envoy and surrendered to the Arabs he entered into
negotiations between the men of Loujon and this Arab envoy. This
resulted in the exchange of prisoners already mentioned, though the
numbers involved were higher than stipulated there. This occurred

Fromtier in the Eighth and Nintfr Centuries : Military Organisavion and Society in
the Bordertands. Zbornik radova Bizantolokog Instituta, X1X {1980), pp. 79-116.

On the 806 campaign of Hardn al-Rashid, see Tueopnanes, p. 482 (ed. de Boor)
and M. Canarn. La Prise d'Heraclée et les Relations entre Harin ar-Rashid o1
UEmperenr Nicdphore 1. in Byrantion, XXXII (1962). pp. 345-379 (=M,
Canawn. Bvzaice et les Musnlmans du Proche Orienr (Variorum Reprints.
London, 1973}, XVIIL.

On the Arabic name of Loulon see Ranmsay. p. 353, HONIGMANN. op. ¢it., p. 45,

Constantine Porphyrogenitus says elsewhere of Lowlon that it was i HexGE
Rennaaxio De Them., in Constanninus PorpHYROGENITUS, ed. |, Bekker. [1]
[CSHB. Bonn. 18401 p. 19=PG. 113 col. 76 B1-5). Anna Comnena mentions it
Ulexias. XH1. 12 : ed. A. Reifferscheid, [Teubner. Leipzig, 1884L J1. p. 2781 1.
Anne Comning, Alexiade, X115 12, ed, B. Leib. L II1, Paris, 1945, p. 133, 1. 22.

In the ensuing paragraphs I have taken my orthography and heights for the
peaks. ete. from Turkey, Official Standard Names Approved by the United States
Board on Geographic Names ... Gazeteer No. 45 {Washington. D.C., 1960},

{1'}) This date is argued by Bury. p. 474 1 of. Vasizy, op. cir.. 1{1933), pp. 117-
118 : Ramsay. p. 354,
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either between 27th April and 25th May. 860 or between 24th July
and 22nd August of the same year.

Vasiliev has understood this passage to mean that Loulon was in
Byzantine hands again in 860 and that the governor whom the
inhabitants prevented from entering the place was the Byzantine
governor. However Tabarl does not say that Loulon had a
Byzantine governor, indeed he implies that there was an Arab
governor {(who would have been sent from Tarsus). Further the fact
that the deputation from Loulon (which had a strong Slavonic
population planted by the Arabs) spoke of a desire to adopt
Christianity implies that the inhabitants were Muslims, and hence
almost certainly Arab subjects at the time. The Emperor, in sending
a patrician envoy. a high-ranking logothete, and a promise of
money, was evidently aiming to profit from the rising at Loulon
against its Argb masters. but his efforts misfired in the end.

It looks as though Tabarls account may have misleadingly
combined two sources. The story makes best sense if we see the
sequence as follows ;

(i) The Arab envoy arrives at Constantinople.

(i} The inhabitants of Loulon refuse to admit their Arab
governor because they have nol been paid. They send a
deputation to Constantinopie offering the fortress town (o the
Emperor and (o accept Christianity.

{iii) The Emperor, keeping the Arab envoy waiting the while,
sends a iogotheie with an offer of money if the inhabitants
wilt deliver the place to him.

{iv) The men of Loulon get paid by the Arabs, accept their Arab
governor and hand over the logothete to the Arabs.

{v) The Emperor then begins negotiations with the Arab envoy
at Court and arranges for Muslim prisoners to be exchanged
for his logothete.

{vi) This was done and Loulon remains in Arab hands.

We should thus see this as a placated revolt against not the
Byzantines but the Arabs, and should understand that Louion was
still in Arab hands in 859/860 (**}. Of course, it may have been

{12} Tabari translated in Vasuigv. op. cit., [ {1935), pp. 319-22: comment :
ibid., pp. 237-240. Other sources summarised : p. 237, n. 3.
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under Byzantine control earlier or later than this date ~ vet the
evident presence of a Muslim population would suggest a settled
state of affairs which had existed for some time.

If the first post of the beacon chain was not in Byzantine hands
after 832 and perhaps not at all during the reign of Michael III (843-
67). the beacons would not. it would seem. have been working, so
he could not have stopped them. However, we shall see that it is
possible that the system was in use even if Loulon was not in
Byzantine hands. The reason for his stopping the system is most
unlikely to have been the frivolous one given in our Greek sources
by chroniclers working under the succeeding Macedonian dynasty
aiming to blacken his name and his, or his uncle Petronas” military
achievements. A possible explanation for the cessation of the
beacons is to be found in the great victory of Petronas over the
Arabs at Poson in 863 : perhaps there was no longer felt to be need
for the rapid intelligence of Arab movements or for the speedy
intervention of the army of the capital which that implied. Under
those circumstances Michael may well merely have ordered the
beacons near the capital (which is what several of the sources other
than Pseudo-Symeon specify) — i.e. not the ones near the frontier —
1o be put out of use, or he may have taken the system off “red alert™
and put it into cold storage. The defence of the frontier could be
entrusted to the Anatolian army. There is separate evidence of local
warning systems on the frontier zone (3}, Loulon was recaptured by
Basil { in 876/77, when the Slavic population revolted against the
Arab governor of Tarsus, again because they had not received

(13) CF. Mcepronus Puocas, De Velitaiione Bellica, ? (ed, C. B. Hase. CSHE,
Bonn, 1828). at p. 188,11, 4-12. Here the author is dealing with the xagavoliyilta,
Here at 1. 7-10 the comma in 1. 9 should be read instead before i, thus : émee,
e xivarg Tty Efoon véwyran, xal of fepldvopes vt alofwvrar, S tév
xepvofiiydon xud 6 otpaTnyos oy dthevow i Sy apoywwony) ... The Buykdropes
and éxomnldropes then see to Lhe evacualion of persons and livestock., E. A.
SorPHOCLES, Lexicon, s.v. xeuvofieyXdrwe (of. — ylia) takes the xopeve — element to
be cognate with Nalian camine (of, Med. Latin caminis, e.g. A, BLase, Lexicon
Latinfiatis Medii Aevi (Turnhout, 1975}, s.v. 1T [sacc. xivl and R. E. LarHam,
Revised Medieval Latin Word Liss (London, 1965). sv. 2 [saec. Xiii-]). Yet
Sophocles must be wrong here. misled by the Bonn edition's Latin transiation.
Surely xeguve - refers to the Greek xeevog, an oven. firnace, kiln (LSS%) — hence
xopvofiiyAlen are Mire-watchers” and refer 1o beacon stations and lookouts.
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money due to them, this time because it had been expropriated by
the Tarsans. themselves in revolt. The story is in Tbn Al-Atir, who
comments that the loss of Loulon to the Byrantiines was the
desolation of Tarsus because it was like a fishbone in the enemy’s
gullet and the Romans could make no sally by land or sea without
being seen from this fortress and being immediately heralded o the
Arabs. Though Loulon can hardly have been a lookout post 1o sea,
we do here have evidence thal the Arabs somehow made use of the
beacon system in reverse (¥). According to Ramsay Loulon was still
under Byzantine control ¢, 900 and remained so until the Turkish
conquest in the later eleventh century (%),

As for the second beacon, he identified tov Apyaiug fowvov as
Has(s)an Dagi. at a height of 10.673 feet above the plain of Lykaonia
to the north-west of Loulon. However, it might have been expected
that the reference would be to the well-known Mouni Argaeus,
Erciyas Dagi a volcano standing 12.848 feet above sea level by
Caesarea Mazaca (Kayseri). This is north-north-east of Loulon and
Ramsay evidently excluded it as beacon 2 because it is in the wrong
direction for a message traveliing to Constantinople. Yet direction
does not matter so much as ease and speed of sighting for this
purpose. It could be thatl the excellent visibility {if it indeed is s0)
both from and of Mount Argaeus wouid mean that the interval
distance from beacon 2 to beacens 1 (Loulon) and 3{(Dsamos} would

(04) Vasiev, op. cir. 1L i (1968), pp. 79-81 « Constanting PORPHYROGEMITUS,
Vit Basilii (= Tueornanes Contivuarus, Vi p. 277 (ed. 1. Bekker. CSHE. Bonn.
1838)= (7. 109, col. 2948 B-C: Scyvurrzes, ed. Thurn (ef. supra. n. 4). p. 141, Ton
al-Atir apud Vaswaev, op. cir., 1100 (1950), pp. 135-136: cf. A, Mz, D_!e
Renaissance des Istdms (Heidetberg, 1922), pp. 470-1 (= translation of Salahuddin
Khuda Bukhsh and 1. 8. Margoliouth {London. 19371, pp. 502-3). CI. also below,

. 270,

P {15) The beacon system summoned Basil I from Bulgaria to Aleppo iz_w 995
according to Dvorssk, p. 143. 1 have not been able to ind the source for this use
of it: cf. J. H. ForsyrH. The Byzantine-Arat Chronicle (938.1034) of Yahyd B.
Sa'id Al-Amaki (unpublished Ph. D. dissertation, University of Michigan, 1977),
p. 492, where the author says that the best account of Basil's campaign at Algppo
is i al-Shimshati, who gives the period that il took Basil to cross Anatolia as
seventeen days. This was in mid-winter: cf. G. ScHLUMBERGER., L épapee
byzanting a la fin du dixieme siecle : 2° partie : Basife {I (Paris, 1900}, pp. 86-87.
and H. GréGowke in The Canibridge Medieval History, 1Y, Part 1 (Cambridge.
1966}, p. 182.
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be great and hence speed the message on its way. Strabo (12.2.7,
C538) says that those who ascend Mount Argaeus claim that in clear
weather both seas, both the Pontus and the Bay of Issus. can be seen
from it. He himself had not tried it out. as it seems. but if what he
says is {rue and the Bay of Issus, some 120 miles south, could be
seen. then Loulon, about 80 miles away and raised up 6.300 feet on
the plain on which it stands, might well have been. Only an

experiment on site will tell. Erciyas Dagr aiso commands excellent

views of the Anti-Taurus mountains to the east and north-east and
from this point any raid from the direction of Armenia could readily
be detected. It is tempting to wonder, when Loulon was captured,
were Ercivas Dag: the Apyaioe fowvéc. beacon 2. whether signals
would have been sent on the chain starting from here until Michael

ITI stopped the system (*%). No source says specifically that the signat .

for the &xdooury began at Loulon. though ali imply it.

The third beacon, (Ilsamos, was, according to Ramsay, a peak in
the desert west of the north end of Lake Tatta (from where even
Erciyas Dag: would be visible down the valley of the Halys). He put
Ayidov, beacon 4, in the hills south of the River Tembris near
Dorylaion. The other beacons, if we start at Constantinople, are
as follows. Beacon 9 is. of course, at Constantinople : beacon 8. the
hill of S, Auxentios, was ten miles from Chaicedon. Ramsay
suggested {*) that “it is more difficult (o flash the news accross the
broken country between Dorylaion and Constantinople, and hence
more beacons are needed in the latter half of the way". He identified
Mokilos with Samanlt Dagi (Daglar1) and Kyzikos with Katurl
(Kurban) Dag:. Otympos he thought was “some point on the south-
castern skirts of Kesig (Ulu) Dagi rather than the main summit” (*3),
For a message to be sent on a beacon chain. the distance between
beacons is not so important provided that one beacon is clearly
visible from the next. The greater the distance the betier, as the news
will travel faster since fewer beacons will be used and hence there
will be fewer delays in the relay. By the beacon route deduced by

{16} This was the view of Bury, (p. 285, 1. 2) though he was thinking of the
Apyuias fawvds as Hasan Dag.

(17} Ramsay. p. 353.

(18} Ramsav. p. 187, F. 56.
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Ramsay it is aboul 450 miles from Loulon to Constantinople (but
more if Mount Argaias was Erciyas Dags) (**), Beacons 1 to 5 were
on average about 65 miles apart ; each of beacons 5 to 9 only
separated from its neighbour by around thirty miles.

(i) METHOD OF OPERATION

What seems not to have been properly considered about the
beacon chain was the evident innovation of its inventor, Leo. and
the significance of the two wpoloyee.

Beacons had, of course, been known since remote antiquity (%),
Who does not instantly think of the watchman in Aeschylus’ play
who waited xuvdg 8ixnv on the roof of the palace at Mycenae waiting
for the beacon to signat the end of the siege of Troy and the viorog of
Agamemnon () ? The Assyrians used beacons at fixed distances of
two hours' journey. and, since lighting a beacon of itself can carry
no detailed niessage. a fast courier was despatched with the news at
the same time. As his arrival was expected at each beacon post his
journey was assisted. Herodotus (X, 3) talks of the Persian beacon
system set up from the coast of Asia Minor across the Aegean b_y
way of the islands to Aftica during their invasion of Greece in
480 B.C. Mardonius used this means to get the news 1o Xerxes at
Sardis on his way 1o Susa that he had occupied Athens for a second
time. {Aristotle] in the De Muido (6 : 3982 ad fin.) says that the
Persian beacon system extended from the Persian {rontier (o Susa
and Ecbatana and that the king received the same day the news of
all that was happening in Asia.

The use of {ire signals by the Greeks became common by the time
of the Peloponnesian War (32). The Macedonians and later the
Seleucids imitated the Persians. That the Romans also used fire
signals seems to be shown on the columns of Trajan and Marcus

(19} The road distance was said to be 43} miles : see Tovnaer, p. 108,

(20) These antecedents are listed in Dvornix, pp. 19-20 (Assyrians) . 31-33
(Persians and Greeks) : 42-43 (Macedon) : 44 {Seleucus) ; 67 {Scipio). 87 (Caesar) :
117 (Romans).

(21) Apscuyius. Agamemnon. 1k 1-39, 281-316. The play dates from 458 B.C.

(22) For references see Ameioy, Holwopxnmizg, ed. L. W. Hunter & S. A.
Handford (Oxford, $927). p. 121 : Arneas Tacricus, ed., trans. The lilinois Greek
Club (L.C.L.. 1923). pp. 46-7.n. 1.
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Aurclius, whose soidiers are apparently signalling with flaming
lorches from frontier fowers to warn of barbarian approach, but this
Was on a smaller scale than the Persian beacons. Later the Arabs
made some. but only restricted use of fire signals ; though there was
evidently a chain of beacons using flame by night and smoke by day
in conjunction with couriers or carrier pigeons which ran from
Syria via Damascus and Gaza to Cairo in the eleventh century. The
Arab geographer. Al-Mugaddasi (floruit ¢. 985 AD.) says the
following of Palestine in his day :

“Along the sea-coast of the capital (Ar-Ramiah) are watch stations
{Ribat). from which the summons to arms is given. The war-ships
and the palleys of the Greeks come into these ports. bringing aboard
of them the captives taken from the Muslims ; these they offer for
ransom ... At the stations, whenever a Greek vessel appears, they
give the alarm by lightling a beacon on the tower of the station if it be
night, or. i it be day. by making a great smoke. From every watch
station on the coast up 1o the capital (Ar-Ramlah) are built, at
intervals. high towers, in each of which is stationed a company of
men. As soon as they perceive the beacon on the tower of the coast
station. the men of the next tower above it kindle their own, and then
on. one after another : so that hardly is an hour elapsed before the
lrumpets are sounding in the capital. and drums are beating from the
cily tower, calling the people down to that watch-station by the sea ;
- And the watch stations of this District where this ransoming of
captives takes place are : Ghazzah, Maimas. "Asqalan, Mahaz- (the
Port of) Azdid. Yubna, Yafah and Arsaf.

However, the most distant of these points, Gaza. is only separated
from Ramleh by about forty miles as the crow. if not the beacon
signal. flies, so that the transmission of the message in “hardly ... an
hour™ is not very impressive when compared with the performance
of the Byzantine chain across Anatolia which could allegedly cover
over ten times the distance in about the same time. There is also
evidence of other beacon systems in medieval Greece. though it
seems that the longest chain was that from Thermopyiae to Thebes
{about 62.5 miles) from the late Byzantine period : the Venetians,
after 1204, had short arrays of towers, etc. to give warning of
seaborne attacks on Euboea (%)

{23} (Arabs): cf. Dvornix. pp. 219, 233 and map, p. 232 (Al-Mugaddash) :
slightly abbrevisted and modified from Ahsani-t-Tagdasim 7 Ma rifati--Agdlim
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The advantage of a beacon system is obviously that news can be
communicated much more quickly by this means than it can be by a
horseman, even a fast one. However, the news has to be pre-
arranged. e.g. "Victory” or “Defeat™ in battle for the transmitting
side {**). Herein lies the big disadvantage of fire signals, which the
Assyrians aimed to combat by the use of simultaneous couriers,
namely how to send variable messages. I1 is all very well to send a
courier when the beacons are on a good fast road, but with variable
messages the very sending of the courier obviates the point of tk_lc
beacon signals. as the ultimate recipient of the news, though he will
see or learn of the fire signal quickly. will only be kept on the edge
of his throne while he waits for the arrival of the horseman. There is
little gained over fast riders unless only one message is ever to be
sent. Beacons alone are not sufficient for variable messages and
must be used with some other pre-arranged signal code. .

Leo’s special contribution to beacon technotogy was the provision
of not only a code of differing messages but one which could be
transmitted at a distance of around 450 miles or even more, in
theory. He was not the first to think of using a timing device to
modify fire signals ; this had already occurred to the ancients. The
earliest evidence which we have of such a modification is that of
Aeneas Tacticus. The passage in which the method is described is
alluded to in his Poliorcetica (*%), as being in his now lost Hapa-
srevoorixn Fifllog. T¢ is uncertain if this system was ever put to use.
The details are reported by Polybius, though he feit that the
improvement fooyy pév v mposfiface, toi ye unv Séovteg axutv
nGuRoAY TG xaTh Ty Emivoway drsdeiplh (*4),

kirown as Al-Mugaddasi traistated from ithe Arabic and edited by G. S. A. Ranking
and R. F. Azoo, Bibliotheca Indica. Asiatic Seciety of Bengal. N.§. No. 899
(Calcutta, 1897). p. 291 (on Ar-Ramlah. see jbid., p. 270) ; (Greece) : of. J. Koprn
and F. Hiun. Hellas und Thessaiia { = Tabula Imperii Byzantini. ed. H. Hunoer, 1)
(Vienna, 976). pp. 112-3. though few details are given.

(24) The Greeks used to raise lorches and keep them still for “Friend™. but hold
them up and wave them about for “Foe™ : cf. Hunter & Hanororp. loc. cir.
{above. n. 22).

(25) Poliorcetica. 1.4.

(26) Polysius, Mistoriae. X. 44, 1.
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Aeneas suggested as follows

“Let those who wish to communicate any maller of pressing
importance o each other by fire-signais prepare two earthenware
vessels of exactly equal size both as w diameter and depth. Let the
depth be three cubits, the diameter one. Then prepare corks of a litile
shorter diameter than that of the mouths of the vessels : and in the
middle of these corks fix rods divided into equal portions of three
fingers” breadth. and let each of these portions be marked with a
clearly distinguishable line : and in each let there be wrillen one of
the most obvious and universal of those events which occur in war ;
for instance in the first ‘cavalry have entered the country’, in the
second ‘hoplites’. in the third light-armed’. in the next ‘infantry and
cavalry’. in another ‘ships’, in another ‘corn’. and s¢ on, until all the
portions have had written on them the measures on the part of the
enemy which may reasonably be foreseen and are most likely to
occur in the present emergency. Then carefully pierce both the
vessels in such a way that the taps shall be exactly equal and carry off
the same amount of water. Fil] the vessels with water and lay the
corks with their rods upon its surface and set both taps running
together. This being done. it is evident that, if there is perfect equality
in every respect between them. both corks will sink exactly in
proportion as the water runs away. and both rods will disappear 1o
the same extent into the vessels. When they have been tesied and the
rate of the discharge of the water has been found 10 be exactly equal
in both, then the vessels should be taken respectively to the two
places from which the two parties intend to wartch for {fire-signals. As
soonlr as any one of these eventualities which are inscribed upon the
rods takes place. Aeneas bids raise a lighted torch, and wait untif the
signal is answered by a torch from the others @ then, when both
torches have been simultaneously visible, lower them. and then
immediately set the taps running. When the cork and rod on the
signalling side has sunk low encugh 1o bring the ring containing the
words which give the desired information on a level with the rim of
the vessel. a torch is to be rajsed again. Those on the receiving side
are then at once 1o stop the tap, and to see which of the messages
written on the rod is on a level with (he rim of their vessel. This will
be the same as that on the signalling side. assuming everything to be
done at the same speed on both sides™ {27),

(27) Translation of the lilinois Greek Club in Asnias Tacricus (L.C.L.. 1923),
pp. 201, 203, 205. For commentary see Hunter & Hanprorn. op. cir. (above
n.22) pp. 1214123 (with ilustrations). CF, Dvornik, pp. 42-3.
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A lot depends on how guick the men are in raising the second
torch, how rapid their co-ordination of sight and voice as the
lockout shouts “stop™ to the man in charge of the water device and
how rapidly the water flows and the rod sinks. If the signal is to
travel more than the distance over which a raised torch can be seen
(not as far as a beacon can be seen in any case) one or more
intermediate stations between transmitter and recejver would be
reguired — not, however, that Aeneas, as reported by Polybius.
mentions this problem. If the signal is relayed there will be a time
lag in the transmission which, unless allowed for {and it would be
hard to ascertain how much delay to interpolate), would confuse the
message being sent. The holes in the vessels must be very small or
confusion about the messages will in any case soon arise when the
receiver is uncertain when the transmitter's sinking rod was
stopped. Aeneas’ method has a restriction in that only specified
messages ¢an be sent. There is also considerable difficulty if one
wishes to send a message after the space for it on the rod has sunk
into the jar. How does the transmitter tell the receiver to start the iar
afresh so as (o get back 10 a message which has passed ? There could
be a specific position in the rods to say just that, but it would mean a
long time delay while two messages were sent 10 cope with one. One
could have the series of messages on the rod repeated, but Aeneas
does not telf us to do that.

Polybius. after describing Aeneas’ method, goes on {o say that the
“most recent method™ was invenied by Cleoxenus and Democlitus
and had been perfected by Polybius himself : it involves something
analogous to modern semaphore {**). The letters of the words of the
message are sent by means of a code related to the letters themselves.
The Greek alphabet is divided into five series of five letters. By the
use of torches indicating the number of the letter being transmitted
in its section of the alphabet a complex message can in theory be
sent, albeit very laboriousty.

The Carthaginians used a method very like that suggested by
Aeneas. Polyaenus (mid-second century A.D.) related the following
in his Strategemara (%) .

(28) Pouymeus, Historiee. X, 45. 6 16 X. 47, 4. Sce the commentary by F. W.
WALBANK, A Historical Commentary on Polvbius, TT Oxford. 1967), pp. 259-61
cl. Dvornik. p. 43.

(29) Porvassus, Straregenare. V1, 16. 2 {ed. E. Woelfflin. J. Melber ; Teubner,
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“"When the Carthaginians were laying waste Sicily. in order that
what they needed might be carried over from Libya quickly, they
made two clepsydrze equal in size and drew equal circles in each
with the same labelling. The labelling was ‘need of (a) ‘warships'. (b}
‘cargo boals’, somewhere else “need of gold’ and in another place siill
‘need of siege equipment’, then need of grain’, then ‘need of beasts'
and ‘need of (a) ‘arms’. (b} ‘infantry”, (¢} ‘cavalry'. Thus they labelled
every circle. They kept one clepsydra in Sicily and sent the other to
Carthage with the order that if they [the Carthaginians at home] saw
a beacon fire in Sicily they should look out for when the second
beacon was shown and note at which circle this happened”, [.¢. they
should set the clepsydra zoing at the momen: they saw the first
beacon and note where the water had fallen to when the second
appeared]. “They should read the label on the circle and send what
was indicated by the inscription as soon as possible. In this way the
Carthaginians had a supply if whal was needed for the war in the
quickest way possible™.

By clepsydra here we are certainly meant to understand a jar
with a hole in the base which was filled with water and allowed to
empty when the hole was unstopped : such devices had been
employed for regulating forensic and dramatic activities in fifth-
century Athens (*9),

The fire and water telegraph of Aeneas Tacticus and the Cartha-
ginians, and the semaphores of Polybius are really only useful or
practical for one beacon o a recelving station or vice versa. Leo had
the problem of how to send variable messages over a long distance
using a relay of seven intermediate stations. Clearly the use of two
instruments marked with the messages and a time lapse between
messages is derived in theory from Aeneas and perhaps, though less
probably. in practice from the Carthaginians or elsewhere. It could
be that Leo read about the latter in Polyaenus and that gave him.
from the clepsydra or water-clock. the idea of using wipedéyia. Leo
overcome some of the problems of the method of Aeneas and of the

Stuttgart. 1970, p. 293} Cf, Dvorxik., pp. 36-7. on whose translation the present
one is based.

(30) See c.p.. 5. Young. An Athenian Clepsydra. in Hesperia, VI (1939),
pp. 274-284 : H. A. Tomeson & R, E. WYCHERLEY, The Agora of Athens (= The
Athenian Agora. XIV ; Princeton. 1972}, pp. 52, 55,202,

THE BYZANTINE EARLY WARNING SYSTEM 275

Carthaginians as foilows. The previous methods required that the
water-devices had to be started by pre-arranged signal : this was
impracticable where full-size beacons had 1o be used over suci.a a
distance. He therefore had this water devices either running
continuously or set in motion at a pre-agreed time daily (we shall
discuss this later) and so tied them 1o the passage of the hours, one
hour to a message. Though he could not arrange to send a command
to receive a message at some time after its mark on the wpodtyre had
passed. he did. however, ensure that the signal mark in guestion
would automatically return in the natural course of the day.

The Greek word dipsdéyiov covers any device used for measuring
lime : it could mean a sun-dial ~ though it was a general word for
any timepiece {*'}. There is little doubt in Leo's beacon telegraph that
it refers to water-clocks, especially in view of the antecedents and
the words Pseudo-Simeon uses — ¢£ {oov xduvovra — that the devices
worked (i.e. had movement in them) at an equal rate. Leo thus had
two identical, presumably tested. water-clocks made. One was sent
to Loulon and one kept at the capital. They were not meant
primarily to shew the time but a specific signal against each hour.
Thus the commander at Loulon would order this beacon to be lit
when the clock indicated a certain hour and hence at the sign for a
specified. pre-agreed message in order to send that message. From
the time at which the Loulon beacon was lit the emperor's men at
the Pharos would know the message sent by comparison with their
clock.

[t was in this that Leo's cunning lay. At first sight it would seem
that the clocks are little help in decoding the message sent. The
Loulon commander may have his beacon alight exactly when his
clock shewed the hour for the message, but the watchers at the hill
of Argaias had to spot the beacon and get their beacon aliighi
smartly. and similarly the men at the next beacon had to act quickly
to pass the fire on. With nine beacons and eight sets of watchers
there are ample chances for delay. The watchers may become
inattentive ; the beacon may be wet, it may not catch fire auickly.
However, if we assume that the system was working at maximum

(31) C. B. Hask. G. Dwnpore. Thesaurns Graecae Linguae, VI {Paris. n.d.).
coll. 2071-2.
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efficiency then we might perhaps allow a minimum of five minutes
at a station from the sighting of the previous beacon to the moment
of burning of the transmitting beacon at the receiving station such
that it can be sighted from the next post in the chain. (For ease of
reference we shail call this period the refay interval).

The message could thus be passed on in forty minutes. Con-
stantine Porphyrogenitus does, in fact, say that the message arrived
& 1@ ipg — though there js more o these three words than might at
first be thought. as we shall see.

If the diaitdpeos at the Pharos looked at this clock and made
allowance that the message may have been sent two-thirds of an
hour previously. then, of course. he could decode the news
accordingly. Even here, however, there is a problem with reading
the time signal code, to which we shall return later. Yet suppose that
the lookouts were not so efficient ~ perhaps the weather or visibility
was bad — and the relay interval at the posts was ten minutes. The
Pharos commander would then receive the message one hour and
twently minutes after transmission. He could misread it. Congsider
how very misleading it would be if most relay intervals were ten
minutes but at even four beacons the interval was fifteen minutes.
The message would arrive one hour and forty minutes afier
transmission frem Loulon. He could then well ask whether he had
received a fast or slow transmission and could confuse the actual
message with the one programmed for before or after whal the
commander of Loulon had intended. It seems that such problems
did not arise or the system would not have worked well and the
distinction of messages would have been useless. Constantine
Porphyrogenitus clearly states that the message was (ransmitted and
received dv g g,

In fact the total transmitting time may have been quite short.
In order to gain some estimate of this we may validly draw
comparisons with other arrangements in other lands, some many
years later and one in modern times, on which more detailed
information is available than what is provided by our sources {or the
Loulon-Constantinople chain. Not much later than the ninth-
century Byzantine Anatolian system is one which has been
discovered in south Russia from the Kievan period. It has been
estimated that a distance of fifty-six miles. having one intermedizte
beacon, which, of course. halves the gap to be bridged. from Kanev
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te Kiev along the Diniepr, could have been covered by a message in
ten to fifteen minufes (**). This time would be taken up chiefly at the
intermediate station for the relay interval. We might. however, say
that a liberal estimate for the amount of time iaken under normal
conditions for the relay interval on this reckoning is about 7-3
minutes. The Russian chain used towers and was. of course, along a
river valley. Further two beacons spanned the fifty-six mile gap.
which means that the fires could be smalier and the sighting perhaps
made easier than it was on the first half of the Anatolian chain (to
Olympos/Mamas) where the average space between beacons was
twice this figure and the longest distance from post to post was
probably around three times that on the Kanev-Kiev link. Against
this and in favour of the Byzantine chain is the fact that the Dniepr
beacons were low down, making it difficult to cover longer
distances because of the curvature of the earth, while the Byzantine
fires were ciearly on high mountain sides enabling much better
vistbility over a distance, at least in theory and in good weather, but
requiring that in order to be sighted the fire in itself probably needed
to be bigger than the Russian ones, or else (o have reached a greater
intensity after a longer time.

If we look forward in time and westwards there is considerable
information about beacons used in medieval England. These
beacons formed a coastal defence system, dating in its basics {rom ai
least Saxon times, which, though details vary at different periods, in
its most sophisticated form involved the use of three fires at coastal
lookoeut points. two fires on hills just intand and one fire on hills
further inland. If enemy ships were sighted one fire was lit and the
message not passed on but local action taken ; if two were lit
invasion was imminent and the message was relayed o the seaboard
counties ; if three fires were it the enemy had landed and the whole
country was raised. The form of these beacons, as a result of an
ordinance of Edward IIl. had come to be. in most cases. a rough

{32} See B. A. Rynaxov, Vladimirovy kreposti na Stugne. in K ratkie soobscenija
Instintirg Arkheologii. 100 (1963), pp. 126-129 (with map. p. 127). This article is
followed up with more forts by V. 1. Dovienok. Srorozevie goroda g Juge
Kievskof Rusi. in Siaviane § Rus', Shornik k 60-tetijn B. A. Rybakova {Moscow.
19638), ‘pp. 37-45. esp. p. 40 (map. p. 38): estimate of the relay interval at
Rybakov. arr. cir., p. 129.
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hewn f(ree trunk set vertically with a single-bar ladder and
surmounted by a cauldron containing pitch or {ar and flax.
Sometimes towers with pots of pitch attached to them fulfilled this
function. sometimes church towers were used, notably in the
flatlands of central England. There is considerable information
aboul the manning and financing of these beacons, but little or
nothing seems to have been recorded about timings from which the
relay interval under whatever weather conditions could be deduced.
There is a vague remark of the ambassador of Charles V to his
sovereign in 1545 that in two hours an army of 25,000 to 30,000
men could be mustered by the use of the beacons. This information
does not help very much and the ambassador can hardly have
meant that the men were mustered anywhere but at muster points.
certainly not all at one place under transport conditions of the
period. The most famous and intensive use of these beacons was
against the Armada in 1588, Clearly the Elizabethan beacons had as
one of their chief functions the effect of a deterrent, because the
enemy knew that he could not take the English by surprise.
Evidently no such factor bothered the Arabs because they invaded
the Byzantine territory so regularly that it must almost have been
possible to set Leo's dipoddyia by them, so predictable were they. The
English system was suspended during the winter months when the
coasts were (oo stormy for the frail shipping of the period to land in
coves or inlets, when even if the enemy had managed to land
undetected by beacon watchers he would have had immense
difficulties in transporting his men anywhere on the appalling mud-
choked roads of the country at that date (%),

(33) On the English beacons in the Middle Ages see H. J. Hewirr, The
Organisation of War under Edward 111 {Manchester, 1966}, pp. 4-5. 9. On the
beacons used to warn of the Armada, see L. Bovaron, The Elizabethan Militia,
13358-1638 (London and Toronto, 1967}, pp. 132-9 and Plates 10 and 1] at
p. 134 are interesting details of problems in Reeping the waichers alert. Full details
for two maritime counties at this period and before and afler ocour in two articies
by H. T. Waire - () The Beacoir Swstem in Hampsiire, in Heampshire Field Club
and Archacological Society. X (1926-30). pp. 252-78 (Plate opp. p. 252 shews
beacons: p. 258 malerials used : pp. 259-67 operational method : p. 261
ambassador’s veport : p. 277 constriction) : (i} The Beacon System in Kent, in
Archueslogia Cantiana. XLV] {1934), pp. 77-96 (pp. 83-4 operational methods :
p. 92 materials and construction : plates I and 111 shew heacons),
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The English beacons were revived at the time of the Jacobit‘e
rising in 1745 and again against threatened invasion by Napole_on s
forces. The final chapter of Sir Walter Scott's The Antiquary {with a
long note by the author) recalls the effects of a false alarm which
actually took place in the Scottish Borders in 1804 {34,

However, the best information on running a beacon system
undoubtedly comes from very modern times. On June 6th. 1977,
the old beacon system was revived in England, with relays out {o
Wales. the Western Isles and Shetlands, to commemorate the Silver
Jubilee of Her Majesty Queen Elizabeth [1. The triangulation data of
the Ordnance Survey was used by the Royal Institution of Chartered
Surveyors to work out a pattern of beacons to cover the whole
United Kingdom. The average spacing of beacons was around thirty
miles and some of the old beacon sites were used. An optimum
construction for the fires was worked out by experiment in the
Great Park at Windsor and the recommanded patlern was a cone
made of stackwood surrounded by brushwood (though in practice
some beacons conlained a lot of refuse and old motor tyres, etc.). of
base diameter thirty feet and height thirty feet contajnmg
approximately thirty tons of materials. Some beacons were built
farger, but this size proved adequate for sighting over the distance
required in clear weather. Each beacon was equipped with rocket
flares to be launched simultaneously with the ignition of the fire.

The Queen lit the first beacon at Windsor at six minutes past ten
o'clock at night, and at eleven o'clock, less than one hour later, the
most distant beacon in Shetland, a distance of over six hundred
miles as the crow flies and much more by beacon route, was ignited
on a sighting of the previous fire on Fair Isle. between it and
Orkney. There is considerable detailed information available on not
only the time taken for the apparent relay interval at various points
in the chain butl also of the prevailing weather conditions and

(34) Revival of the beacons : WHITE, op. it.. in the last note, (i), p. 91. A sef:ret
document on the arrangements against the Armada was prepared for the Cabinet
{only 25 copies printed) in 1798, when the whole system canie oui_ormot.hballs :
<John Bruck >, Report on the grrangemenits whiclt were made, Jor the infernal
defence of these kingdoms, when Spain, by its Armada, projecied the invasion and
congitest of England ; and application of the wise proceedings of our ancesiors, to
the present crisis of public safetv. < London, 1798 > .
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height above sea level of the beacon posts. However. not all this
information can be used without certain allowances being made. In
full knowledge of the British weather the organisers knew that
adverse conditions could ruin the whoie scheme and so arranged it
that each beacon should be lit ar a pre-arranged {ime three minutes
afler its predecessor, irrespective of whether the earlier one had been
sighted or not. We must add to this the psychological factor that the
watchers were in fuil expectation of a fire on the herizon at a
specific time, uniike the Byzantine watchers, who would oniy be
able to expect the signal at certain given times an hour apart, if it
ever came. and would only know these times for sure if the men at
intermediate posts were supplied with a timepiece working at the
same pace as that at Loulon, (o which there would be further
complications as we shall see, and which we are not told was the
case. Nevertheless in the Jubilee chain there is clear reporting in a
number of cases that the fire at the previous beacon was spotied at
or event just before the beacon was lit at ils appeinted time ; in at
least five cases it was wajted until a light was seen before the fire
was started. In two of these cases distances of twenty-four and
twenty-five miles were covered in  within the three minutes
required. In two others distances of twenty-five and thirty-three
miles were covered in one and iwo minutes respectively with
suspiciously quick timing. In the fifth case. for a distance of about
thirty-eight miles across water in the Western [sles, where it was
still fight at that time of the year and latitude, which would make
sighting more difficult, twelve minutes was the interval. In all these
cases the weather was not ideal : well-broken cloud with scattered
showers prevailed, especially over high ground - a permanent
hazard for beacon sites in these climes. Unfortunately, however. as a
result of mist, fog, sleet, rain and snow. especially in the rorth and
in Scotland, many of the beacons could not be lit from sightings and
many were ignited either on sighting the flares from the previous
station or just because the time due for lighting had been reached.
The Windsor beacon itself went off late, after those which were in
theery to be lit from its signal had already been fired. The weather
hazards would probably not have been as great for the Byzantine
watchers in Anatolia and experience would undoubted]y have made
for better efficiency in positioning the fires. The use of flares may
not have been unparalleled : it is known from the illustrations in the
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Madrid Scylitzes that the Byzantines used to siphon Greek fire in the
manner of a flame gun. at least at sea ; they could well havg sent a
jet of flame upwards when the fire was lit. though not as high as a
thousand feet (%),

There is no known evidence for such use, but if the Byzantines
had used Greek fire or naphtha on ready-prepared bonfires a rapid
conflagration could well have ensued at a beacon station in a very
short time (*%). The bonfire materials would, of course, have needed
1o be kept dry. but this is not an impossible feat. In bad conditions of
snow and driving rain one Jubilee beacon (at Skiddaw in the Lake
District} took twenty minutes to get started. but this ought to be an
exceptional climatic requirement. Of more consequence, as trial in
1977 shewed, is the problem of raising large quantities of
combustibles up mountainsides. The Byzantines did nol have
heticopiers to assist in this task and wood was perhaps not so readily
available in central Anatolia as it is in Britain. Yet the beacons must
have been of the bonfire type : the elevated pitch-filled cauldron of
the medieval English pattern could hardly have worked for the
Byzantines ~ the English beacons at the time of the Armada were
only around twelve miles apart on average, such was their limited
flame size. It would certainly not have been beyond the Byzantines

(35) On the Jubilee Beacons see R. Sveut., Sifver Jubilee Beacons {The Royai
Institution of Chartered Surveyors, London. 1977}, T have alse had some further
confirmation of the details of timing the beacons in correspondence with Mr.
Steel. who organised (he system. The booklet contains full details of the beacon
construction and sitings with a table of timings, a report of events a{ each station
and a map with weather conditions. The beacons cited here are Ditchling {{rom
Dunciont. 24 miles {3 mins} : Sumburgh (from Fair Isle) 25 miles (3 mins}; Cold
Ashby (from Charwelton) 23 miles {1 min} : Aiport Heights (from Beacon Hill) 33
miles {2 mins}: Rhum (from Tiree) 40 miles (12 mins). The surveyors arranged
another, similar, but simpler set of beacons for the Royal Wedding on 29th July,
1981, Madrid Scylitzes illustration : see S. C. Estovafan, Skvllirzes Mairitensis.
Tome I {Barcelona & Madrid.1965), p. 249, no. 77, . 34vb and p. 65. On Greek
fire see now . Hatpos and M. ByReE. 4 Possible Solution io the Problem of Greek
Fire. in Byzantinische Zeitschrift. 70 {1977), pp. 91-9, esp. p. 97. n. 19 on non-
naval battle usages.

{36) There is evidence that the Russians. at least, used naphtha in this way : cf,
finds in Novogrudok apud M. V. Matevskasa. Amfory Novogridia XH-XHI v.v.
in Gezisy dokladoy k konferenisii po arkheologii Betorussii {Minsk. 195%). pp. 185-
191, at p. $90. (This was seen abroad and verified for me by Dr. J. Shepard},
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o have filled their fires with containers of naphtha which would
have burst into flame on the ignition of the beacon much as the
Windsor Jubilee beacon had diese] oil inside. Old motor tyres were a
different matter.

From these analogies we might make a not unreasonable estimate
that over the distances which the Byzantines were aiming to cover,
given the fact that 10 be sighted the fire will need to be going more
fiercely if the distance to the next beacon is larger than that taken as
the average for the Jubilee beacons, a relay interval of seven to eight
minutes on average is what was to be expected on the Anatolian
chain. If this generous figure, which could have been as low as five
minutes. is taken as the relay interval for each beacon the whole
transmitling time from Loulon to Constantinople would have been
approximately one hour. much as Constantine Porphyrogenitus had
said.

The message did not. however, actually take an hour to be

received, if considered from the Constantinople end. Leo must have

realised this and saw that as a consequence his system would work,
He wouid have known that Loulon is around four hundred and fifty
miles south-east of Constantinople. If we accept either Ramsay's or
Hild's views (*") on the site of Loulon, it stil falls at about latitude
37.5° N and longitude 34.5° E of Greenwich. Constantinople is at
latitude 4[° N and longitude 29° E. The difference in longitude
corresponds to twenty-two minutes of time (%) . j¢. if the lime is
noon at Loulon. it is only 11.38 at Constantinople. Consequently if
the commander at Loulon lights up at hour 1. the wpoddyiov at
Constantjnopie will have twenty-two minutes to go before it is hour
I there. The message should have reached the beacon on the hill of
Aigilos (post 4) and be about to be received by that on Mount
Olympos (post 5) by the time the wpokoyiov at the Pharos shews hour
1. Tt will in that case be over half-way to the capital while the
difference in local time between the ends of the chain is made up.
There are, however, more beacons in the final section of the series
than in the earlier part. So the Pharos commander might actually
receive the message about half an hour after his epeddyiov indicated

(37} Rawmsav, pp. 351-4 ; and addition, p. 449 ; cf, also above. n. 10,

(38) One whole day is one revolution of the earth. Therefore 360° = 24 hours .
1° = 4 minutes.
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the hour number and message code at which the Loulon beacon
actually lit.
Wa‘f’et here }\;ve must come back to the clocks themseiv_c-:s. What does
¢ foov xeypvovta really mean 7 Presumably that their movements
operated at the same speed. Does it have to mean that they shewed
the same hour together ? If Leo realised, as he must have' done, that
the difference in longitude between Loulon and Constantinople was
enough to separate them in time as well, then he could hawre h‘ad the
Constantinopie clock set o Loulon time, and made it fast of
Constantinopolitan local time. However, given‘that the begcons
might have been delayed this would not necessarity help a lot if ‘the
message 100k more than the time gap. It would actually_be sufﬁcxgnt
for the Suxtrdpiog at Constantinople to see during whrc:h howr the
message arrived : he would then be able to tell w‘hen it had .been
sent. The time gap gave a safety margin for inefficiency even if the
message took as much as eighty minutes to send. We may
reasonably assume that ¢ ivov xduvovte means that the clocks werg
regulated to run ai the same speed. I{ is also impor{a:l}t to rlemembel
that a water-clock had to be set against the correct time given by a
tocal sun-dial. It is only since the middle of the nineteenth ceptury
that standard time has existed and has been transporied by railway
and wireless time signal o enable mechanical clocks to be slet
correctly. There is. however, nothing to stop. and perhaps a lloi in
favour of the Constantinople clock's being set to what was believed
to be Loulon time. ‘ o
Though Leo must have known about the difference in time
between the ends of the beacon chain there is another factor to
consider. The ancients and, of course, the Byzantines, were unable
10 measure longitude and hence time diference with ease, and seex'n
to have made no concerted altempt to do so. Ptoien.ny's Geographia
gives latitudes and longitudes against localities as if the}r were a.lll
scientifically worked out. However he first began with certain
figures for some known places and worked out the rest from a
knowledge. often hopelessly imprecise, of the imgar distance of
places from each other. This is why maps based on h.IS figures are so
distorted. He was particularly bad on longitude, whxphghe 1:eck0ned
from a place west of Gibraltar, the ‘Fortunate Islands’ (*%). If Leo had

(39} On this whole question see E. H. Bunpury. 4 Misiory of Ancient
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consulted Plolemy’s figures () he would have found that Tarsus
{the nearest place to Faustinopolis, which Piolemy did not list) is at
the Ptolemaic latitude 36° 50° and longitude (from the "Fortunate
Islandsy 67040, Byzantium appears as latitude 43°05° and
longitude 56° 00, The difference in longitude between Constanti-
nople and Tarsus is thus 11° 40 or forty-seven minutes of time. If
Leo had used this figure he would have had an exaggerated view of
the compensatory etement jn the eastward displacement of Loulon,
However, if the Constantinople clock had been set behind the time
of the Loulon one by three-quarters of an hour ~ more than twice
the true figure — the degree of compensation for the transmission
time of the signal wouid have been greatly enhanced.

The only effective way that anyone had of measuring longitude
until the eighleenth-century perfection of the chronometer was by
observing the same lunar eclipse simultaneously at two places and
noting the difference in time. One hour of time corresponds (o one
twenty-fourth of the day at the equinoxes. Ancient geographers
were not prompt to apply this method to their map making, though
Hero of Alexandria in his Dioptra describes, in apparenily
hypothetical terms, the method with relation to an eclipse, evidently
that of March 13th, 62 A.D. We only know of any figures being
derived from one fupar eclipse, that of September 20th, 330 B.C.,
which was observed simuitaneously and only by chance in Arbela
{before the famous battle there) at the fifth hour and Carthage at the
second hour (). Though there were plenty of lunar eclipses in the

Geography (London, 1879). 11 chapter XXVIIL esp. pp. 546-71 and 0. Neuge-
BAUER. A History of Ancient Mathematical Astroiomy {New York., 1975}, Part 11.
V.B.8.8, pp. 934-40. esp. pp. 938-40. (CT. Part 1. 1.E.6.3RB, pp. 337-8).

{40} Cravpn Proremag, Geographia, ed. C. Miiler. 1, (Parjs, 1883). 0. 475 . 1,
(Paris, 1900), p. 900,

(41) Hero, Dioptra. 35 (ed. H. Schéne, Teubner. Leipzig, 1900, pp. 302-7.cf. J.
G. Lanperrs, Engineering in the Aucient World {Londeon. 1978), pp. 200-1 ; A. G.
Drachstans in C. Sivger pr Al A History of Technology (Oxlord, 1957), 111,
pp. 609-12. In the eclipse of 330 B.C. i is fortunate that the two places of
observation were on more or less the same latitude and the eclipse occurrad very
near 1o the autumnal equinox : however the times cited are practically useless
without more detail than the hour in which they occurred. CF, Buspury lop. ¢ir..
supra. 0. 391 1op. 633 and n. 4 . Neugesauer {op. cir.. supra. n. 39), Part 11, .,
938 : on the eclipse method for longitudes generally, /bid.. pp. 667-8,
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ninth century (*3) for Leo to have used (o determine_ the dififf%r_ence in
time and longitude between Loulon and Consiantmoplt?. itis rmo‘si
unlikely that he did so. We should noll' forget the alm‘ost adula‘tgnjgz
respect which mediaeval writers paid to Ptolemy’s ﬂgm;;::;l b
Equally we have already suggested (p. 260_) that Leo may wg‘ a;} e
been influenced by Hero's mechanical wrilings when he de.vlsed.t e
automata in the Magnaura Palace ; he may have put Hero s eclipse
method for finding longitude into practice. Ifurlhe;'_Leo did ha.ve
knowledge of eclipses in general, as a treatise qttl'lbuted .tt‘)(‘}};m
{though evidently only edited and amphﬁec_l by him) sugge_sls -
There are, however, additional complications to the hours on the
clocks. A lot depends on whether the signals were sent by ’day pr t?y
night. The only indications of when the mgssages wgte e}pgclec'l in
this sense is in the descriptions of why Michael {11 is said ‘{0 _ha\fe
stopped the system working. The fullest account of this is in
Theophanes Continuatus.
woté youv tod Mopanh xara Tov eonuévov Tod ,uc'epru'po; Mc'z,ua'urog v‘a-év‘
inmdgaclal pédlovros nul 76 oovlinua ik t'mroc?poma'zg 5\?5:')..%1-0\;‘, énel
X Tip Eowépav O x tov Dapov pavog St oo ramiou fﬁn&qu Ty T
Elviv Exdpomiiv, £ls TocebTov DAy dyiva xai qooﬁ?v o-ﬁamleL’tg 7555"5 ::rou
1) mapowlivay TV Yveoyeiay auToU Topd r'va (?fa::wv”m;/ m_caajr)]‘gvsv_sxe‘{
ayyelog, els doov dlios Tig TiABey ztvé‘weufw dap Tl uyi 'fac'aou-,ﬂm\
RANGLGSGL ToUTaug pEdAoy dytwmliens, abriag xetsog e()‘.sarpa’bgm 3 /r._{t,
oux fioyuveto. Glev e pite Tig TOV GUTOS GyivGy GROAUTAVOLT (ii)T
Gho 1t Tiw exciflev dviapor wposninTow xcxlapwrsp-ough mouon Tols
fearae, pmxéne rovg mingalovras pavels fvepyelv ApoviTaey, didd avy)
Boleie xai AN0n 7a tataira naparaiupbiver waxed.

As we have seen above (p. 259), Pseudo-Symeon says :

(mrevopbviy oy Tl Paciiel Mogand, o elpnrac, 6 povog sog,'.z'ave
Exbpopniy Tav Zapaxnvin. autds mpdg 6 pn vove Oeardg Tod irmodeduou

i is 463,
(42} CI. V. Grumel., La Chronologie (Paris. 1957). p o . )
(43) CT. Bunsury {op. cit.. supra.. n. 39), 11, pp. 5583, 560 ; NeuGesaver {ayr. cit..

supra. n. 39 Part 11, p. 934, . ' ) ’ ) )
W!(:%(‘;) nepl NAsee Exdeideg tiie dv ) flucthin Tecytiviu Tou SopLTaTOY {\eovii,l.
ed. F. C. Hewtigin, Hermes. VIII (1874} pp. 173-176 : but see Levmzsris. p.
and n. 88 . cf. Bury. p. 442, n. 1.
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xesuptotipous 1] avplov yeviolur, mposévafer pnwéte Towdtoug pavog
Evepyely.

He begins the account of the whole affair as foliows :

T 8¢ Xemrepfioics yopi Tilg te " dnvepsioes yeniin Keworaveivos
0 fuatdeve éx Muand xai Evdoxiog Tiig Tyynplune o mepuivtog Ton
Mugadia - xai imrenod yevopdvoy dv 16 dyit Mepavte inreuey 6 Pasidens
Béverog, Kewotavrives 38 6 2 Apusview 6 ot Gwud ratpudoy xol
Fevesiov Gpouyyapiov i fivhas devnds, mpdovag 8@ Avaliiovie ol
govotes 0 Kpaooog © vz 88 ¢ Bastdevs. xal w6 oupfoives dveeilev: xai
TeoTo yap T avtod ol fasidéws roi Mot waxiae dotiv, s Goov Tip
Ty Prgdioy lopv nAdTrweey.

Scylitzes (copied by Cedrenus) says :

oy moté vob Miyoma xard rév Tod udstupeg Maépovrog vady swioyiioa
néidoviog tov éx toi ipov dvaebivar Tupsdy. Gy oures feaodueveg e
Toseltey dvéneoe gofov, Ste vob p) rapoplivar Tiv wtol duoyeiav dnd

v Bearioy Sud Ty dradowoy dyyediow, elg Goov dhdog Tig Tl xevSuvedoa.

UREp s, vliteg dneivag Beotpldpevos ovx Noydvere. fua 64 Hi T Toov
TEOSTRTOVTWY dveaply Sndovpevov podaxorésous mouen Tots Oeutdg,
noooétace pynét’ dvepyely Tove T} Buodide yeirovoivrog POURTOUS.

Constantine Porphyrogenitus :

lotéoy, G 6 mpoppnlévres wovol Siexpditouy JExpe oy pEper Mugani
Basidés 100 éx Oeopliov. Svtoc 88 aizol moTe &v w0 To0 dyiou Mdpavrog
Tponéval wul pElAovios modisas inwododutov, &v G wel dui Buot)éui
nioxos Eyvepileto © (xaé yap & talz ixmniactoy dvti adyou [mwn-
Aave - ) auvEfiy Tosg ovuifers diae wavovs, xei eixe TobTo Stadayioduevoe,
dre el wwradnioc yévrar ¥ fodog v Lapunnei, Avanfisovrar of
modirar, ol ou iy EEEMBmewy fr 76 inmodpdinoy mpls TG TV i
inmhaoiay Sedoaola. b xai éx tite Surdfuto ) dnvtaw Tovs pavedg (%)

The most circumstantially detailed account of the beacon system.
by Pseudo-Symeon, says that Michael was in the process of staging
a horse-race, {mmevouéve — unless this is merely a case of the loose
use of the participle so often found in this type of Greek. The others

(45) Further, less detailed references in Grycas. Ann.. iv (ed. 1. Bekker. CSHA.
Bonn. £836). pp. 542-3. (=PG. 158, col, $43C-D). Pseuda-Symeon reports an-
other occasion when news came of the Thrakesion Theme's being ravaged as
Michael was zbout to run a chariot race, nuch 1o the latter's annoyance : p. 660
({CSHB)= PG, 109, col. 721B-C.
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all say that he was péddovrog ~ “about 0", or “intending 10", “was
going to". Theophanes Continuatus says that he had given the signal
— atvBpua — for the horse-race. However Theophanes Continuatus
also says that the beacon came xavd v éemépav — “in the evening”
and Pseudo-Symeon says that Michael was concerned that it would
put the spectators off racing “on the morrow™ ~ 7] avptov, though he
does not say at what time of day the message came.

Now the meaning of all this is easily explained from reference to
the same work of Constantine Porphyrogenitus as describes the
beacon system. The horse-races were an important part of life in the
capital, the only place where they look place on any scaie by the
ninth ceniury, and occurred quite frequently, the most important
event being held on May | 1th, the anniversary of the inauguration
of New Rome in 330. The formalities are described in a passage.
much of which is now obscure to us because of the aliusive
nomenclature, in the De Ceremoniis. It appears there from the ritual
to be observed on the occasion of a race day that a “meeting"™ lasted
only one day,with four races in the morning {(mpw?) and four in the
afternoon (3eiln). However, the ceremonies normally began the day
before with the raising of the §Alagey or pennon (this must be what
Theophanes Continuatus means by the owvfnua), which was
followed by the rounds of the stables of the Factions and the
choosing by lot of the starting order. The f9depey might, from
reasons of inclement weather. be up several days before the actual
day of the races: if it was brought down the meeting was
understood to have been cancelled — hardly a desirable move for the
supporters. The various ceremonies of the preparation day, as we
might cali it, lasted into the period of the day described as §zidn. The
court assembled for the races the next day before dawn. After
lengthy acclamations the morning races began. with acclamations
between each race. Then the Emperor went for a private luncheon
{apeor@) followed by a brief rest period (uexpov avamavoas). Then he
returned to the Cathisma and the afternoon races were preceded by
and punctuated by the acclamations as before. After the races
everyone went home (*6),

(46) Ceremonial described : ConstanTing VII PORPHYROGENETE. Le fivre des
Cérémonies. ed. A. Voo, [[ (Paris, 1939) 7869 - 82 {73 =PG. 112, coll. 577C-
664C =1, pp. 303-369, ed. J. ). Reiske (CSHA, Bonn. 1829). In Vopt's text the
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From this description it is clear that on the occasion when the
notorious beacon message came in Michael's reign it must have
arrived on the preparation day towards or after the end of the
ceremonies when Michael and everyone else was expecting a go0d
day’s entertainment to come. Pseudo-Symeon says that the horse
race took place (inmevoey 6 fastieis féveroc) and that he won {ues 82 6
fizoideic), but then says xai 7o ovpfoiver dvreifey . “And what came”
either “next 7" or “out of this 7. He then describes the beacon
system as quoted on pp. 258-259 above. Depending on how we take
évzediev, this could mean that the races had taken place and a second
day's fun was expeclted when the message came. vel since the
pattern of race meetings seems to be generally clarified by
Constantine's accounts, Pseudo-Symeon s probably saying “He
raced and won and a resull of that meeting was the stopping of the
beacons™. This is certainly congruous with what Theophanes
Continuatus has to say. Of course Michael might have been so keen
on the races that his lasted two days instead of one. Writers other
than Pseudo-Symeon may not have known of this departure from
the norm. At any rate the indication of Theophanes Continuatus
that the message arrived xatg iy fomépay would suggest something
later than Constantine's temporal indication of deidn for the
ceremonies on preparation day and on race day for the p.m. races.
Aceidn is not an easy period to define i the exampies for its classical
usage in LS are not very conclusive even for the Heltenistic period.
Such words have a way of shifting their times according to changing
social customs, like the names for meal times (cf. Homer's doorov
and above, dpord). Yet the surest way of determining what time is
meant ought to be from information contemporary with the
writings under discussion ; we can do better than this since the De
Ceremoniis itself provides information. As this is not a work of
atticising pretensions we might expect that its indications are correct
for the period of composition.

Asitn on race day is obviously meant to be after the siesta but
before sunset ; i.e. mid- to late afternoon. Despite the early start, the

points referred 1o in the paragraph above this foolnole are : -~ Bidaow : pp. 118,
1421 court assemblies before dawn (dwiyeov) : p. 112 apiord : p. S, 119,
PoVETOL 4 siesta: po 115,129 ¢ “went home™ - P L7010 210 See also Vopt's
Commentaire, i (Paris, 1940). pp. 114-117.
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morning races could not have got under way all that soon given all
the ceremonial preceding them, so that the gap between the end of
the forenocon and the beginning of the afternoon races could nat
have been tediously long. At one point (*) Constantine is describing
the ceremonial for a florév. Here specific mention is made of the time
of day on the preparation day when the Factions went to their
demes. It was éomépag cpav 8 % ¢ @ fe. “hours 9 or 10 in the
evening”. In the ancient and medieval system of temporary hours
{on which see the next paragraph bul one) this would, at
Constantinople, have been in modern terms, in mid-summgr
3.45 p.m. or 5.00 p.m., at the equinoxes 3 p.m. or 4 p.n., and in
mid-winter 2.15 p.m. or 3.00 p.m. The designation fozépae must be
seen in relation to sunset, which, in Constantinopie, comes at 7.31,
6.00 and 4.29 p.m. on the respective dates mentioned. We would
not call times this early in the day “evening”, but for Constantine
Porphyrogenitus 8siin must have ended around this time, ?hough
deidn and éomépa may well have overlapped in the usage of different
speakers, as do our “afternoon” and “evening”.

The fact that Theophanes Continuatus says that the message came
xota v éonépav suggests that deidny was by then over and with it the
ceremonies preparatory for the races the next day. We should,
however. notice that the message veceived “in the evening”
indicated an Arab raid (if the sources in their wnanimily report it
correctly and not merely as a vague and general term). This was, of
course, the message for hour § according to Pseudo-Symeon. which
would suggest other than a morning code, which is what Pseudo-
Symecon implies. The message which came to Michael came
certainly in the late aflernoon, if not later. The scant facts might
indicate that the beacon messages were expected by night. A beacon
flame is. of course, more easily visible in the darkness of night than
when it can be confused with other light by day. However, smoke
signals. though not mentioned by any source, could have begn used
by day. but would have been less visible on the horizon at distance.
especially if heat haze or cloud had obscured them {*).

(47) De Cer.. 81 (72). ed. Vogt. 11, p. 160, 1. 6. ) .
{48) This is the opinion of Lemsrie. p. 155 and n. 2_9 and of Toynpek, p. 299.
though he does not give his reasons for thinking so. CL supra. p. 270.
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By the indication of hour 1. hour 2 and hour 3. Pseudo-Symeon
probably meant the first, second. third temporary or seasonal hour.
He does not mean one o'clock, two o'clock, etc. as on our modern
reckoning, which is what some recent writers on this subject seem
to have envisaged (**}. In the same way by év g sise Constantine
Porphyrogenitus meant “in the space of one {temporary] hour™, The
ancients and. as far as we can tell. the Byzantines, certainly still in
the ninth century. used for ordinary purposes the temporary or
seasonal hour system whereby the period of daylight was divided
into twelve equal portions, each an “hour”, on every day of the
year. Sunrise was hour <0> and sunset hour 17, Likewise the
hours of darkness were divided into 12 sight hours from sunset to
sunrise, or into four waiches. These hours varied in length
according to the time of year. By hour 1 Pseudo-Symeon means the
first hour after sunrise (if by day) or the first after sunset (if by night).
Our modern hour system is really the temporary hour system for
two days in the year only : the equinoxes (March 21st, September
23rd), when the periods from sunrise to sunset and from sunset {0
sunrise each equal half the period from one noon to the next. Each
period, sunrise to sunset and sunset to sunrise, 1s divided into twelve
to form an hour. The day hours and the night hours are hence equal
and the two series of twelve form together the twenty-four
equinoctial hours.

The provision of water-clocks does not help decide any better
whether day or night temporary hours are meant, Night measure-
ment may seem more probable with water-clocks. as at night the
sun coutd not be used to find the time by means of a sun-dial. Yet by
day it does not always shine and a water-clock would be needed as
an adjunct to a sun-djal for an operation like this one with the
beacons where the right time is essential. It is no good if the signal
comes and no-one can interpret it.

If the signals were sent at the first, second. etc. temporary hours,
the exact time of the signal relative to our equinoctial hour system
with its twenty-four equal hours would vary with the time of year.
In midsummer at the latitude of Loulon a day-time temporary hour
i 1" 13™ of equinoctial time long white a night hour has only 47

{49) Bury. pp. 247-8 : Dvorvik, pp. 142-3.
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minutes. By midwinter the positions are reversed : a night hour js 19
13™ long and a day one 47™, In Constantinople the corresponding
figures are 1 5™ and 45™. The negligible difference is the result of
the higher latitude (by three and a half degrees) of Constantinople.
Any mechanical ciock has to be made to measure these differing
hour lengths. The ancients could do this with water-clocks and there
iI$ no reason to suppose that the knowledge was lost (o the
Byzantines. It was, however, quite complicated (but would not be
impossible) to have a water clock shewing both day and night hours
continuously. since the length of hour has to change on the
temporary system at sunset and sunrise (*°). Pseudo-Symeon speaks
of only twelve possible messages, 5o evidently we are dealing only
with day or night (or maybe both as two series). We should also
note that it was an “hour” of length not less than 45 minutes and not
more than 75 minutes which Constantine Porphyrogenitus meant
by & @ wpa for the total transmission time of the messages.
Thus the logistics of running the two weeddyia are not as simple as
they might seem at first sight. If the two clocks were made to shew
variable day hours they would both have to be set in motion at
sunrise each day — a point in time not always easy to determine with
accuracy from observation in poor weather. If they were to shew
night hours the same thing would have to be done at sunset, with
the same problems. It is a simple matier to set a water-clock rom
the shadow on a sun-dial, which is as unerringly accurate as its
maker has constructed the dial. but if one requires the time with
precision and the sun cannot be used because it is not vet or o
longer in the sky, or cloud obscures il, the task is no simple one.

{50) For a discussion of such water-clocks, see H. Digrs. Aniike Technik (Tth
Ed.. 1920 ; repr. Osnabrick. 1965), pp. 204-232 {cl. Virruvius. De Architectiera,
IX. 8. 2-15 and comment. of J. Sousiran (Paris, 1969} pp. 270-308). But we
should not forget the sipoidyiov of 8. Sophia in Constantinople. This had. it seems.
some kind of tower with twenty-four doors which had the hours of the day and
of the night. As one hour was ended a door closed and the door for the next hour
opened and remained open during the whole of that hour. See A. Voot
Constanting VII PorpuyROGENTTUS. Le fivre des cérémonies, commentaire (Paris,
1935). 1. pp. 57-8 {= D¢ Cer. {ed. Vogt}). I, p. 10, 1. 23 = p. 14, L 12 {CSHB, ed.
Reiske. I= PG, 112, col. 154A5). Cf. also the night clock of Gaza which also had
doors — Digis, op. eir.. pp. 219-227.
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However, if the wooddvie shewed not the customary termporary
hours, but our equinoctial hours, a system sometimes used by
Hellenistic astronomers in antiquity (*'), the job is easy. The two
clocks are set 1o run on a simple twenty-four hour system (2 x 12)
and checked at the same time daily against a sun-dial whenever
possible, at both ends of the beacon chain. Of course this does mean
that the messages are sent at varying times relative to sunrise or
sunset according to the season of year.

Another way of synchronising wpoddyie which marked tempo-
rary hours would be for the Loulon commander to have a “fire-
practice fime”. or particular time each day when he lit his beacon
and the signal was relayed to the capital. The clock would then be
set at the Pharos. This does not, however, seem to be how the
systern worked, since Michael 111 would not have been so worried at
the crowd's reaction to the beacons if a trial run occurred daily.
Equally it would have made for a great deal of daily bonfire building
in Anatolia. Pseudo-Symeon's account does. however, record the
state of alert in that he speaks of a number of beacons in readiness at
Loulon {cf. supra, p. 259).

We might now look again at the time of day when Michael 111
received the message for “Arab raid”. If we assume that the sources
have reported this accurately and not merely given fxdpops as a
loose rendering of an alarm message, then according to Theophanes
Continuatus this. the message for hour 1, came xata v Eonéoay. [t is
hard to interpret this phrase exactly. Does it mean before or after
total darkness had fallen ? I suspect the former. It would help if we
knew the time of year at which the event took place. Pseudo-
Symeon (cf. supra. pp. 285-286) cerfainly narrates the horse-race
directly after he announces the birth of Michael's (illegitimate) son
Constantine as though these evenls were connected,and they both
appear to take place in September. However, this was when the
indiction year began, and Pseudo-Symeon’s chronology is so
unreliable (cf. infra. pp. 294-295) that, though these time data may
be correct, we cannot place any trust in them. The other sources for
the story do not specify a time of yvear. However, in tooking for a

(51} Sce S Gavws, Greek aind Roman Sindials (New Haven & London, 1976).
p. 10,
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rough date. there are some puidelines available. First, if the
equinoctial hour reckoning was in use for the beacon clocks and
they were using the night system, the éxdoous signal {(hour | after
6 p.m., halfway between mid-day and midnight) wouid. if we
assume that it left Loulon promptly at 7 p.m.. arrive at the Pharos at
about § p.m.. after having taken just about one equinoctiai hour in
{ransit, at a relay interval of 7-8 minutes. making 56-64 minutes in
ail. The time of arrival, xatd o foréeay, must be before night itself
and so would be no later than around dusk.

The Arabs are known %%) to have made their raids across the
eastern frontier regularly at three sel times of the year: spring.
summer and winter. The spring raid always ran from mid-May to
mid-June, when sunset at Constantinople falls between about
7.10 p.m. and 7.31 p.m. ; the summer raids came from mid-July 1o
mid-September, when the sun sets between about 7.20 p.m. and
about 6 p.m. : the winter raids. which were much less common,
were at the end of February and in the first half of March. when
sunset is between about 5.21 p.m. and about 6 p.m. (*}). The period
of dusk may be taken as the time between sunset and when the
horizon is no longer visible by reflected sunlight (**). At Constanti-
nople the end of evening twilight comes at 8.25 p.m. in mid-May. it
is at its latest at 8.51 p.m. on June 21st, and falls at 8.37 p.m. in mid-
July and 7.04 p.m. at the autumn equinox, September 23rd. Al the
end of February it is about 6.26 p.m. and by the spring equinox.
March 21st. is again at 7.04 p.m.

Clearly the events described cannot have occurred during a
winter raid, as it would be well and truly dark by 8 p.m. The most
likely time would be during a spring or early summer raid. from
mid-May to late July. It is then, at the most usuzl time for the raids.
that this &xdpoun probably took place.

(52) CL A, A. Vasiiev, Byzance er les Arabes. | (Brussels. 1935) p. 97 .
Toynpes. p. 380.

{53} In the figures for sunset and twilight, and above 282-290 for “hours 9 or
107 @ =41° N "mid-May™, §= + 199 : “mid-June”, “June 2ist”". § = + 23027 .
“mid-July”. 8= + 21930 “mid-September”. “Sept. 23rd”. "mid-March”, §= 09 ;
“end of February”. 8 = —~11° CI. the methodology in the Explantatory Supplement
fo the Astronomical Ephemeris, ete. Ord impr., London. 19740, pp. 25-26.

(54) This is the period called "nautical twitight™ from sunset until the sun is 120
below the horizon : of. ibid.. pp. 399-400.
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The system of Leo has a distinet advanlage over previous systems
in that twelve different messages can be sent — the impori of only
three is given by Pseudo-Symeon. It must, however, have had
disadvantages for the commander of Loulon. He had to wait at least
half the day (if twelve messages could go by day and twelve by
night) or a whole day (f messages went only by day or only by
night) before he couid send word to the emperor. 1l the enemy
attacks after hour | almost a whole day may have 1o pass before he
can call for appropriate help. Obviously, with good intelligence
sources if an Arab leader had his wits about him he could invade at
such a time that the Byzantine commander at Loulon could not get
his message transmitted. If Loulon were captured (no easy matter)
afier hour ] but before the next hour 1 no accurate message could
get through to Constantinople. However. it is just possible that
Pseudo-Symeon may mean us to understand that there were only
four messages :

(1) invasion (éxdpous)

{2} war (modsuoc) ;

(3) general arson (umpnopic) ;

(4) other event unspecified (1o 7).

and that these messages were spread over the resi of the hours
likewise. Thus “invason™ comes at hours 1, 5.9 wartat 2,6, 10,
“arson” at 3, 7. 11, and the other message at 4, 8, 12, This would
have avoided a circumstance whereby the Loulon commander was
desperate to send to the capital for aid, yet could not get the message
off for very many hours.

We ought finaily, however. (o return to the sources. Clearly ajl
are o some extent interrelated, but the account in Pseudo-Symeon,
the most detailed for the most part of the description of the beacon
system. has had to form the foundation for much of the preceding
argument. Fascinating as this account is, we must beware of the fact
that this chronicle is, as a whole, based on other, mainty known
sources : for the period in question Theophanes Continuatus is the
main one {**). The chronology of Pseudo-Symeon is known to be

(55} Cf. H. Huncsr. Die Hochsprachiiche Profune Literatur der Byzantiner
{(Munich, 1978). [, p. 355 G. MoravsciK. Byzantinonircica®. | (Berlin, 1958),
pp. 300-501, ¢f. 1. 503.
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erratic — “His chronotogy is wrong nine times out of ten, and if he ig
right the tenth time, he is so by mere accident”. in the words of
Romilly Jenkins {**) — though no exact dates are involved here.
Given the nature of Pseudo-Symeon’s work. some caution must be
reserved for details of the beacons. notably the inventor’s name.
Leo, the wpoldywa, and the hour code, which do not appear in other
sources. Nevertheless, Pseudo-Symeon may here be giving the
correct information without confusion or fabrication. Yet some
scrutiny into the chronology of Pseudo-Symeon's account is
inevitable. Loulon, afier recapture from the Arabs at some un-
known date. was again lost by the Byzantines in 832 (7). Leo the
Mathematician is said by Pseudo-Symeon to have devised the
beacon telegraph for the emperor Theophilus, who ascended the
throne in October 829 (and died in 842). So Leo must have put his
idea into effect between 829 and 832 ()}, It is quite possible that
Pseudo-Symeon or his source is here conflating {wo pieces of
evidence. one which gave the details of the beacon system and its
inventor, and another which contained the oyvos against the
emperor Michaet III. The fact that Pseudo-Symeon's dales are often
wrong does not imply that his information on the details of the
beacon system is also erroneous.

We might presume that if the beacon system had been any good it
would have been put back into action by Basil I after the recapture
of Loulon in 876/7. There is no clear evidence of what happened
after 876/7. and the tone of the chronicles, all written in the tenth.
eleventh and twelfth centuries (though the documents used would
have been older). is such as to make the beacon telegraph seem a
thing of the past. Certainly Constantine Porphyrogenitus, writing
the De Cerenoniis at various times before he died in 959 (59, speaks
of it as something not employed in his day, as a thing maintained of
otd (cf. supra. p. 261). If it had been an efficient system. we may ask.
why was it not in use during the reign of an emperor like himself’ so

(56) In Dumbarton Oaks Papers. XIX (1965), p. 91. n. 3

(57) CI. supra. n. 1.

(58} Leo was still alive in 869 {ef. Lemerin. p. 159} : it s just possible that he
made the telegraph for Michael but that the Macedonian chronicles suppressed
the latter's name.

{59} Cf. TovnseE. p. 577.
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Keen on antique practices ? Perhaps the answer is that it was too
f:amplex to work effectively or unambiguously : perhaps the
Instructions were lost or there were no men trained to run it after
Michael's decree. Probably it was no longer necessary 1o have an
early warning system. Equaily, as the experience of the English later
shewed, such a system must have been costly to maintain.

And so. though it appears simple at first sight, the Byzantine
Early Warning System still conceals many of its secrets, particularly
about what time sysitem the clocks used and the programmed
frequency of messages. 1t does. however, seem well within the
capacities of Leo to have utilised the simple potential of longitudinal
time lag to compensate for relay intervais. If the caliph Mamuin had
been abie to persuade the Emperor Theophilus (o loan him Leo for a

while as he had wanted, perhaps he would have learnt more from
him than just geometry (*9).

Peterhouse, Cambridge. Philip PatTENDEN.

My thanks are due to the following persons for reading drafts
of this article and offering valuable advice : Dr. J. . Howard.

Johnston, Professor C. Mango. Dr. J. Shepard and Mr. N. (.
Wiison,

POSTSCRIPT

Since the above article was written. the volume of the Tabula Tmperii
Byzantini by Hild and Restie dealing with Cappadocia has appeared
Tabula huperii Byzantini heraus. H. Hunger. Band 2, /\’appadol\'ieﬁ
von F. Hild and M. Restle [Vienna, 19811). The following references may
now be added 1o the above article : Loulon. (described) pp. 2234 {cf.
p. 115 — it was {irst mentioned as a bishopric in 879, (Slavsat) p. 71, (Al-
Mamun in 832). p. 78 {Surrender to the Byz.. 877) p. 82 : Erciyas Dag
{Apyalog, e1c.) p. 149, s.v. 1 : Hasan Dag (Apyaios. etc.). pp. 135-7 (s.v.
al-Agrab [Strago. 357 = XI1, 2. 6. Hpyoc] — taken as beacon 2 by Hild) and
P 149, s.v. Apyaiog 2 : Faustinopolis pp. 258-9. On p. 80 he follows the

(60) Lemerik. pp. 1512 Bunry, pp. 436-8.
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theory that the inhabitanis of Loulon expelled a Byzanrine governor under
Michaei II1.

At p. 80, n. 188 and p. 224. n. 38 he mentions a monograph of which
notice seems not to appear elsewhere, 1 had not seen. and 8o was not
considered in the article above :

V. Ascuorr, Uber den byvzantinischen Fevertelegraphen und Leon den
Mathemaiiker (Deutsches Museum : Abhandlungen und Berichte, 48
(1980)/1.

The piece is in five parts and a conclusion. and covers twenty-eight
pages of print with thirteen tables or diagrams. The first section introduces
the system from secondary sources. the second lists (in translation) what
the primary sources say. There are a number of small slips here. Section
three tackies the questions of (a) the positions of the beacon stations. and
(b) how the system may have worked. The locations are illustrated by two
diagrams of the roule and another of the profiles of the peaks. He
comments on the sitings of the Apyaivs fovvdg and "Olupmog, noling
{p. 12) that the height of Erciyas Dagi and Ulu Dagi (cf. supra., pp. 267-
268) are covered in snow and ice all of the year and in all but a few
months in the summer respectively thus making permanent provision of a
watch and the task of bonfire-building an unlikely proposition. He
discusses (pp. 13-12) other localities without partisan views except for a
wrong idea (p. 12) which he thinks he has derived from Bréhier (ef. op.
cit., supra, n. b.oat p. 269 [=p. 332 of 1949]). Bréhier in fact says “La
ligne. obliguant au nord-ouest, passait ensuite par le colline d'Isamos. par
celle d'Algilos. par la siation militaire de Dorpide ...". This leads Ascholl
to believe that Bréhier was positing an intermediate beacon post. not
mentioned by any of the sources, at Dorylaeum. This is not the necessary
impiication of this phrase and certainly nowhere in the reference to
Bréhier's writings used by Aschoff (his n. 7 = as above) does Bréhier put
forward this idea. The extra station appeals to Aschofl partly because it
lies on the main road from Pylae and Nicaea t¢ Tarsus via the Cilician
gates. convenient for the encampment at Dorylacum.

More significantly it leads Aschoff (pp. 14-17 and Bilder. 6. 7) 0
consider a point deali with above, but not in the same theoretical way. He
provides information on the loss of brilliance of a light source over
distance according (o aumospheri¢ viability. In the normally extremely
good visibility of the Anatolian highlands he finds that an optimum size
pyramidal bonfire is ¢. § m high {cf. the Jubilee fires twice this size, supra,
pp. 275-280) and that it is in theory possible to sight a wooed fire of that
size, depending on how much light it is emitting. under the Anatolian
conditions over a distance of about 150 km (nearly 94 miles). [This is
roughly the maximum distance between beacon points anyway and is that
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between Aigilos and Olympos/Mamas without an intervening relay a
Dorylacum.] Significantly. he finds that the less good visibility over the
fand near the Sea of Marmara resulis in shortening of the range (o about
35-55 km (= about 22-35 miles). which is. in fact. roughly the spacing of
the stations on the section lrom Olympos/Mamas (o the capital, He
envisages only that the signals could have been sent by night. While on
p. 14 he had expressly exciuded the use of mirrors or lenses to direct (e
light as not possible in the ninth century. on p. 17 he admits for the sake
of completeness reference o the use of mirrors directing suniight by day
and cites the use of a mirror 1 m? 1o do just this in 1883 over the 215 km
{135 miles) from Réunion 1o Mauritius. He feels (p. 17. n. 4) that il this
had been done in the ninth century, we should have been told. He is
surely right that mirror-making was not up to nineteenth-century
standards by the ninth century, but does not seem 10 be aware that in
antiquity the Pharos lighthouse at Alexandria, for example. was equipped
with a reflecting mirror {*). There is no reason to think that the Byzantines
could not have done the same, either using the sun as a light source or as a
back-up to the beacon fires. Then again. the sources do not menlon
anything like this. Ascholf (p. 16) makes a valid point (el supra. p. 281)
that the size of the wood lires needed would have made construction guite
a burden and he has fitle faith in their ability to be raised to flame quickly.
Though on p. 14 he says that he use of bellows would increase the
luminous density by lwenty per cent and the addition of plant oils would
avgment it by a further factor of 2.5, he does nol seem to envisage the
effects of Greek fire/naphtha,

Section four deals with Leo and his clocks and aims to reconstruct, at
least in theory, the two possible telegraph clocks. His ideas are illustrated
in his figures 9 and 10 . they are. as the author admits {p. 18, n.35.), highly
speculative. He mentions the temporary hours (cf. supra. p. 290) and the
difference of longitude in minutes (cf. supra. p. 284), He takes (p. 20) the
fransmission time “in one howr™ fef supra, p. 290) rather literally as 65
minutes at the equinox and 55 in mid-summer, but how he gets these
figures is not clear. He disputes (ibi/.} that a bonfire can be in full fame in
siX minutes — vet the experience of the Jubilee beacon makers cited above
(pp. 279-280) shews that this is possible. He does. however. note (ibid ) the

) Cf. R. G. Goopcunp. in Saer ef al.. op. cit. {supra, n.41), 11 {1557).
PP 321-2 1 P. M. Fraser, Prolemaic Alexandria {Oxford, 1972). 1. pp. 17.20 and
notes thereunto in Ii. pp. 44-.54, esp. p. 47, n. 102. The Arab sources for the
mirror are set out in A. J. Burier. The Arab Conquest of Egypt (2nd ed. by P, M.
Fraser. Oxford. 1978). pp. 389-98 and notes by Fraser. pp. xxiv-v.
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continuous need for atmospheric clarity and the psychological problems
of a continuous walch. He is led (o conclude {p. 21) that the woeldya
could have been used with the beacons as described in the sources.

He moves on {pp. 21 1.} to repeat about Leo what the secondary
sources say and feels that Lemerle {cf. supra. n. 3} should doubt not only
the automata as Lec's invention but also the beacon system as recorded.
He thinks that the whole business reported by the Byzantine chronicles is
an elaboration on the device of Aeneas (ef. supra, pp. 271-272) and does
not believe that the distance from Sicily to Carthage could be cove\red as
described by Polyaenus (supra. pp. 273-274). He does not allow lqz' the
fact that though it is 140 miles lrom Carthage itself 10 {he nearest point o{
Sicily, near Lilybaeum. from the Sicitian coast 1o the pron_aoplary eas| (?1
Carthage (Cap Bon), it is only about ninety-five miles. within Aschoff's
transmitting distance (cf. supra).

Section five of his work is devoted 1o the demand for a beacon system
like that attributed to Leo. He admits (p. 24) that the historical malerial
exceeds his competence as a scientist. Nevertheless, a potted history of lh_e
Byzantine Empire follows, He thinks (pp. 26-7) that it is dpublful that it
paid the Byzantines to kesp such a system manned in the almost
inaccessible mourtains of Asia Minor. He suggests (p. 27) that the system
actually prew out of a local relay network with sub-stations and doubts
the value of a multiple-message arrangement. He does not believe in the
existence of the chain and clocks as cur sources describe it and regards the
beacon telegraph of Lec as a lfegend.

Philip PaTTENDEN.



