AKAAHMIA OEIMON KAI [TIOAITIZMON
ACADEMY OF INSTITUTIONS AND CULTURES

Y100 tov Emomuov-Enetuovikn Embempnon

Stoa of Sciences-Scientific Review

To Bulavtivd Qpordylo ko Huepordyto

The Byzantine Portable Sundial-Calendar

ISSN: 2241 9993
Copyright: Axadnuia Osoudv kot IToticumv-Academy of Institutions and Cultures

e [lavayidmg [Hornacmopov, EBvikd kar Kanodiotprokd [avemompo Adnvaov
Panagiotis Papaspirou, PhD candidate of the Section of Astrophysics, Astronomy and Mechanics
of the Department of Physics of the National and Kapodistrian University of Athens.
e-mail: p.papaspirou@academy.edu.gr

e Awovicog Kpuapng, Moabnuotwkos, Koataokevaotig Asgtitovpyikdv  Aviyypdowv  Apyaiog
EMmvikng, EAAnvo-Popaikne, Bulavtivig kot Apafikng-Iohapuxng Texvoroyiag.
Dionysios Kriaris, Mathematician, Manufacturer of Functional Instruments of Ancient Greek,
Greco-Roman, Byzantine and Arabic-Islamic Technology.

e-mail: d.kriaris@academy.edu.gr

Mepitnyn

To Bulovtivo popntd nitoxd Qpordylo — Huepoddyto, to omoio mepiéyel pnyavicpuo pe ypavallo, avikel ota
OTOVOALATEPOL IGTOPIKA EVPTUATO, KOl EYEL TNV SUVOUN VO EVTLVTOGLALEL TOCO TOV €PACITE)VT], OGO KOl TOV
EMOYYEAUATIO 1GTOPIKO KO PIAOGOPO TNG EMGTAUNG, TNG TEXVOAOYiag Kot TnG mANpopopikns. H cmovdaotnta
TOV OPYAVOL OQEILETOL OTNV EULPAVION TOV EVOOUOTMOUEVOD GE OVTO CLOTPOVOUIKOD UNYOVICLOV pe Ypoavalla, M
dEVTEPT 1GTOPIKA KATOYEYPUUUEVT] ELPAVIOT EVOC TETOLO0V AGTPOVOUIKOD DITOAOYIGTIKOD UNYOVIGUOD, O 0TT0i0g
akolovbei og gueavion, petd tov Tepipnuo Mnyovicpd tov Avtikudnpov, apketods aidves apyotepa. ‘Evog
TOPOUOL0G UNYaviouoc pe ypavalio omavtdtol otov Apafikd Actpordfo - Huepordylo, oxedov €61 audveg
uetd amd 1o Buloviivo eopntd niakd QpoAidylo — Huepordylo, kot otov ['odAiko Notbwd Actpordfo, o
omoiog émetor évav awdvo tov Apafikod Actpordpov-Hueporoyiov. Av kai 0 TOTOC TOL GOPNTOH MALOKOD
®POAOYIOV TNV eUmPdcOior OYN TOL OPYAVOL Eival TLTKOG Y10 TNV ETOYN TOVL, OGO KO Y10, Ui EVPELD IGTOPIKT
mePiodo, 1 omoia mepthapPaverl v Yotepn Apyaiotnto kot v [pdwwn Bulavtiviy emoyn, o aotpovopukog
unxavicuog pe otdraln ypovallov pog mapéyel T060 o 10Topikn VO, 0660 Kol Evay 16TOPIKO GUVOESHO,
OAAG Kot piol 10TOPIKN YEVEQAOYIOL TETOOV TOUTOL LNYOVICH®V, Ol omoiot mpoopiloviol Yo Vo EMTEAOVV
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0oTPOVOLLKOVS VIToAoYiopovs. H yeveaoyio avtr| €xet Tig pilec g omnv EAMAnvietkn mepiodo, cuveyilel otnv
Bulavtivi mepiodo kot Swdidetar otov Apafikd kot Ichapkd mOMTIGHO, VD EIGAYETOL UETEMELTO KOL GTOV
Evponaikdé Mecaiovikd moMtiond. H teyvoloywkn ikavomnto, OAAG kol 1 vooTpomic, TOGO TMV
KATOOKELAGTAOV (POAOYOTOLDV), OGO KOl TV YPNOTAOV POPNTAOV GLGKELMOV TETOOL Pabuod TOAVTAOKOTNTAG
Ba UTopovGE VO GUVEIGOEPEL GTNV CLTOYVMOGIA TNG SIKNG LLOG AVOTTUYLEVNG TEXVOALOYIKNG ETOYNG, LiAG ETOYNS
paydaiog petdfacns mpog pio véa teXvoroyIKn emavdotact, 1 omoia cuykpiveton povo pe v Blopnyoavikn

Enavéortoon.

Summary

The Byzantine portable sundial with calendrical gearing belongs to the most important historical findings,
influencing both the interested layman and the professional historian and philosopher of science, of technology
and of informatics. The reason of its importance is the appearance of the gear mechanism embodied within the
instrument, the second-oldest historical appearance of such an astronomical computing device following
several centuries later the famous Antikythera Mechanism. A gearing of the same purpose is found on the
Arabic Astrolabe-Calendar, almost six centuries after the Byzantine Sundial-Calendar, and on the French
Gothic Astrolabe, which, as an artifact, is dated one century after the Arabic Astrolabe-Calendar. Although the
type of the portable sundial on the front face of the instrument is common for its era, and for a broad historical
period including Late Antiquity and the Early Byzantine period, the included gear mechanism provides a
historical clue, a historical link, and a technological lineage of such gear mechanisms indented for astronomical
purposes, which starts from the Hellenistic era, continues to the Byzantine era. and transports to the Arabic and
Islamic civilization. From there it is imported to the Medieval European civilization. The technological ability
and mentality of both the manufacturers (horologists) and the users of such complicated portable instruments
may contribute to the self knowledge of our modern advanced technological era, an epoch of a rapid transition

towards a new technological revolution, comparable only to the Industrial Revolution.

A&Earg-Khero1a: Bulavtivo Qpordyro-Huepordyro, Kabeto kurdikd niiokd @pordylo Yyoug, AGTpOVOUIKOS
pnyoviopog pe ypovalio, YTOAOYIGUOG OOTPOVOUIK®Y KOKA®MV, ZEANVo-nAlokd muepoidylo, Mmnyovioudg

eupaviong tov Hilov kot tng Zednvng, Texvoloyikn yevealoyio AGTPOVOUK®OV UNYOVICUAV LE YPavaiio

Keywords: Byzantine Sundial-Calendar, Vertical disc altitude sundial, Astronomical gear mechanism,
Computation of astronomical cycles, Lunisolar calendar, Sun-Moon display, Technological lineage of

astronomical gear mechanisms
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1. Description of the Byzantine Sundial-Calendar

Humanity cannot afford to lose out of its inheritance any part of the best work which has been done for it in the
past. All that is most beautiful and most instructive in Greek achievement is our permanent possession; one
which can be enjoyed without detriment to those other studies which modern life demands; one which no lapse

of time can make obsolete, and which no multiplication of modern interests can make superfluous.
Richard Claverhouse Jebb

Civilisation loses its treasures by an unconscious process. It has lost them before it has appreciated that they
were in the way of being lost; and when | say 'its treasures' | mean the special discoveries and crafts of

mankind.
Hilaire Belloc [Ron, 2007]

The reconstruction of the Byzantine Sundial-Calendar from the original fragmentary instrument in 4 pieces,
acquired by the Science Museum, London, was performed by M. T. Wright [Field & Wright, 1985a].

The front face of the Byzantine Sundial-Calendar comprises a common and widely distributed type of a
portable (travelling) sundial, inscribed with a degree scale for setting to the user’s latitude, at the outer rim of
the disc, and a month scale for setting the Sun’s declination for the time of year, given by two inner concentric
circular sectors listing the abbreviations of the names of the months of the Julian calendar, used by the
Byzantines. The upper inner circular sector lists the names of the months, from January to June, and the lower
from July to December.

The front face of the instrument also incorporates a reference table listing the names of 16 cities and provinces
around the Early Byzantine Empire alongside their corresponding latitudes. These circular semi-sectors contain
the abbreviation of the town or province, accompanied with its latitude given in whole numbers of degrees and
in Greek numerals. A smaller circular scale, offset from the center, displays the days of the week, which are
symbolized by the heads of the Greco-Roman god ruling the day (Sun for Sunday, Moon for Monday Mars for
Tuesday, Mercury for Wednesday, Jupiter for Thursday, Venus for Friday, and Saturn for Saturday).

The user of the instrument moves a stem in the day scale in order to move the calendar forward each day,
engaging the pointing devices on the back face of the instrument for displaying correctly and with considerable
accuracy the day of the month, the phase of the Moon (the waxing and waning of the Moon), as well as the
position of the Sun and the Moon in the Zodiac, along the 12 constellations, by calculating the value of the
tropical year and of the synodic month, correspondingly. The Byzantine Sundial-Calendar comprises two

independent parts, or functions, a sundial for use at various latitudes, and a geared calendar device.
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Figure 1: Byzantine Sundial-Calendar, engraved side of front plate [by Field & Wright, 1985a, p.92].

4

ISSN: 2241 9993 www.academy.edu.gr E-mail: civitas@academy.edu.qr

stoaofsciences@academy.edu.gr




AKAAHMIA OEIMON KAI ITOAITIEMOQN
ACADEMY OF INSTITUTIONS AND CULTURES

Fig. 2: Byzantine sundial-calendar, front face, (reconstruction and photo courtesy by Dionyssios Kriaris).

ISSN: 2241 9993 www.academy.edu.gr E-mail: civitas@academy.edu.gr

stoaofsciences@academy.edu.gr




AKAAHMIA OEIMON KAI ITOAITIEMOQN
ACADEMY OF INSTITUTIONS AND CULTURES

Fig 3: Byzantine Sundial-calendar, detail of front face, showing the upper scale of the months from January

(1A) to June (IC), (reconstruction and photo courtesy by Dionyssios Kriaris).

Fig 4: Byzantine Sundial-calendar, detail of front face, showing the outer scale given in degrees of latitude,
with upper scale for 5°, and inner scale for 1°, given in greek numerals. The pointer of the arm of the
instrument is set to the degree of the corresponding latitude of the user (reconstruction and photo courtesy by

Dionyssios Kriaris).

ISSN: 2241 9993 www.academy.edu.gr E-mail: civitas@academy.edu.gr

stoaofsciences@academy.edu.gr




AKAAHMIA OEIMON KAI ITOAITIEMOQN
ACADEMY OF INSTITUTIONS AND CULTURES

Figure 5: Byzantine Sundial-calendar, conjectural reconstruction of back face of the instrument. The Sun is
indicated by the symbol of the circle, the Moon by the symbol of the half-crescent, the Zodiac in both cases is
divided in the twelve houses with their abbreviations given in Greek letters, and the phase of the Moon is
indicated visually on the lower part of the face. The number of the corresponding day of the month is given
within the small box, in Greek numerals [by Field & Wright, 1985a, p.130].
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Fig 6: Byzantine sundial-calendar, back face (reconstruction and photo courtesy by Dionyssios Kriaris)
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Fig 7: Byzantine sundial-calendar, detail of back face showing the Solar display (reconstruction and photo

courtesy by Dionyssios Kriaris)

Fig 8: Byzantine sundial-calendar, detail of back face showing the Lunar display (reconstruction and photo
courtesy by Dionyssios Kriaris)
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Fig 9: Byzantine Sundial Calendar, photograph of original fragment of the front face of the instrument. ©
Science Museum / Science and Society. [Alison, B., 2013, April 17].

Fig 10: Byzantine Sundial Calendar., photograph of the original fragment (detail of the gearing). © Science
Museum / Science and Society. [Alison, B., 2013, April 17].
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2. The Solar-Lunar Gear Mechanism of the Byzantine Sundial-calendar

The calendar Sun and Moon display of the Byzantine Sundial-Calendar has many common features with the
corresponding ones found in the Antikythera mechanism [Freeth et al., 2006], as well as in the Arabic
Astrolabe-Calendar and the French Gothic Astrolabe. An analogous gear mechanism is analytically presented
in the work of Al-Biruni titled as “Book on the Full Comprehensiveness of the Possible Methods for
Constructing the Astrolabe” [Hill, 1985].

This general type of astronomical computing devices, together with the examples of the various orreries, by
using the same gear planning philosophy and by serving the same astronomical function, belong to the same
genus of computing astronomical devices [Lin &Jan, 2016]. They also belong to the same mathematical,
astronomical, technical and metallurgical tradition of the Ancient Greco-Roman civilization. This tradition
starts already from the Classical and Hellenistic epoch, continues its transmission to the Arabic and Islamic
civilization, and flowers up-raptly in the European Middle ages. There, the technology, the know-how and the
mathematics of such complicated geared instruments and astronomical clocks plays a crucial role for the
Scientific Revolution, the Industrial Revolution and the Age of Sailing [de Solla Price, 1974] by imposing the
strict demand of measuring time with great accuracy, and by organizing the role and the function of the state
according to the results given by various types of clock devices.

Measuring the motion of the Moon around the Earth relative to the distant stars leads us to the sidereal period,
the time required for the Moon to return to the same position against the background of stars, while measuring
the motion of the Moon around the Earth relative to the Sun leads us to the synodic period, that is the time
between successive recurrences of the same phase of the Moon. The sidereal month, that is the orbital period of
the Moon around the Earth, and the synodic month, are of unequal duration due to the unequal time of
revolution of the Earth around the Sun. and of the Moon around the Earth. Since the synodic month depends
upon the cycle of phases of the Moon, it is simple to observe and measure. The tropical year is defined as as the
interval between two successive passages of the Sun through the vernal equinox, which is the period in which
the annual cycle of the seasons recurs. The synodic month lasts of about 29.53059 days, the sidereal month of
about 27.3229 days, while the tropical year of about 365.24219 days. Since 12 synodic months are short of the
tropical year by 10.87 days, long cycles are needed in order to reconcile the lunar and the solar calendars, with
the most successful attempt given by Meton of Athens, who worked Euctemon. Taking the synodic month as
29.5 days, and the tropical year as 365.25 days, Meton constructed his cycle based on the assumption that 19
years correspond closely to 235 synodic months, therefore devising a cycle of full 30-day and of hollow 29
months. The Metonic cycle gives a definite rule for the intercalation of moths into a lunar calendar to keep in

step with the seasons, and also an improved long-term value for the tropical year [Maran & Ubell, p.92]. These
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kinematic astronomical characteristics describing the length of the durations of the astronomical cycles of the
Sun and the Moon with respect to the Earth play a crucial role for the design of the lunisolar calendars.

They also built the mathematical core for all of the previously mentioned Sun- Moon displays, found in the
Antikythera Mechanism [Anastasiou, 2014], the Byzantine Sundial-Calendar, and the Arabic Astrolabe-
Calendar. In the case of the Byzantine Sundial-Calendar, and all the other similar astronomical computing
devices, the kinematic characteristics of the mechanism generate specific rate of transformations [Lin & Jan,
2016].

The Solar-Lunar gear mechanism uses some basic principles of gear trains. In a simple gear train the axes of
rotation of each gear is fixed, and each shaft has only one gear. The addition of each intermediate gear reverses
the direction of rotation of the final gear, while in a sequence of gears trained together the ratio, or the final
rotation period, depends only on the number of teeth of the first to the last gear [Timings, 2006].
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Fig 11: Schematic diagram of a simple gear train. The relative speed of the gears by the fraction between the
number of teeth on the driven gear by the number of teeth on the driver [by Timings, 2006].

If any of the intermediate shafts carry more than one gear, then we encounter a compound gear. The number of
teeth on the intermediate years will influence the speed ratio of the final gear, which serves the role of the
desired output of the device. The use of a compound gear train can multiply the successive ratios of successive
paired gears, while the final output value is a successive multiplication of fractions of whole numbers [Timings,
2006].
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Fig 12: Schematic diagram of a compound spur gear train. The intermediate gears on a compound gear train

influence the overall relative speeds of the driver and driven gears, while both intermediate gears revolve
around the same shaft and rotate at the same speed [by Timings, 2006].

The gear device of the instrument expresses the length of the tropical year, the length of the synodic month, as
well as the phases of the Moon. The user of the instrument can move a stem in the day scale in order to move
the calendar forward each day. This is accomplished by the help of an arbor with a seven-lobed ratchet, and
pinions of 7 and 10 [Field & Wright, 1985a].

The Moon gear of the Byzantine Sundial-Calendar for displaying the day of the month has 59 teeth. On the
outer margin of the gear Greek numerals from 1 to 29, and then from1 to 30, run. The Moon gear is moved on
one tooth each day by the user, making a full rotation in 59 days. This corresponds to two successive synodic
months of 29 and 30 day duration respectively. [Field & Wright, 1985b; Wright, 2006].

The Moon in the Zodiac dial displays the Moon traveling around the Zodiac in about 27.3 days by the
combined action of a gear mesh of one pair of gears with 10 teeth and 39 teeth correspondingly, driven by the
gear with 7 teeth on the input shaft of the instrument. With numbers, this becomes: 39/10 x 7 = 27.3 days.

The Sun in the Zodiac dial displays the Sun on its path around the Zodiac, in its apparent motion in longitude,
in 366.42 days. This is achieved by the use of a compound gear train consisting of the Moon gear, with 59
teeth, a gear with 19 teeth arranged on the same shaft with the Moon gear, which drives a gear with 59 teeth.
This gear carries a gear with 24 teeth, driving a gear with 48 teeth, the output gear. With numbers, it becomes:
48/24 x 59/19 x 59/7 x 7= 366.42 days.

Both the Moon and the Sun are shown in their apparent motion in longitude.
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The Moon-phase display consists of the Moon gear rotating behind an aperture, while the design on the gear is
so contrived that as it turns the visible portion gives an approximate representation of the waxing and waning of

the Moon. This is the first Moon phase display previously recorded [Wright, 2006].

Input
'

27.3 days 59 days 366.42 days

Moon in Zodiac Age of Moon and Day of Month Sun in Zodiac

Fig 13: The calendrical gearing of the Byzantine Sundial-Calendar, and its schematic diagram (in modern form)
[by Oikonomou, Nikolandonakis &Nitsiou, 2000].

Fig. 14: Byzantine sundial-calendar, front face of transparent model showing the gear device of the instrument
(reconstruction and photo courtesy by Dionyssios Kriaris).
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Fig. 15: Byzantine sundial-calendar, back face of transparent model showing the gear device of the instrument
(reconstruction and photo courtesy by Dionyssios Kriaris).
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Fig 16: The Moon-phase disc of the Byzantine Sundial-Calendar, Science Museum, London, inv. no. 1983-

1393. The Greek numerals of the days can be seen on the outer rim of the gear [by Wright, 2006].
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Fig. 17: Byzantine Sundial-Calendar, model of the gear mechanism, in 2:1 scale model size (reconstruction and

photo courtesy by Dionyssios Kriaris).
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Fig. 18: Byzantine sundial-calendar, perpendicular view of the instrument showing the implementation of the

calendrical device, (reconstruction and photo courtesy by Dionyssios Kriaris).
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3. The Sundial of the front face of the Byzantine Sundial-calendar

The sundial, by definition, measures solar time by attributing a unit of time to the rotational angle of the Sun to
its daily trajectory on the celestial sphere, and this angle is interpreted as time from the lococentric view of the
user. The sundials indicate the temporal, or unequal hours, where the day is divided into 12 equal parts,
regardless the variation of the duration of the day during the seasons and the months of the calendar. The main
components of a sundial are the dial plate and the gnomon (style or shadow-caster), where the shadow of the
Sun falls upon the dial table. The sundial plate also incorporates an engraved grid of lines and curves indicating
the temporal hours for each day of the month and of the year. The end of the casted shadow of the gmomon
meets the lines or curves of the corresponding temporal hours, in order for the user to estimate the time
[Savoie, 2009].

The temporal hour lengths depend on the angular distance of the Sun on its daily path between its position at
the considered time and its position at noon, when the Sun crosses the local meridian [Szokolay, 2007].

The type of the sundial appearing on the front piece of the Byzantine Sundial-Calendar is attested by a several
examples, such as the Roman sundial or the Memphis sundial. This type of portable sundials were widely
distributed within the Late Antique and Early Byzantine period. The Byzantine Sundial-Calendar can be
classified as a vertical disc dial, and functions as an altitude dial, since the shadow casted by the gnomon on the
back of the turnable vane depends on the altitude of the Sun that is of the height of the Sun above the horizon.
Its design probably corresponds to the type described by Vitruvius as “pros pan clima”, that is for every
latitude, since it can be used for a wide range of different latitudes [Wright, 2000].

This type of portable sundials evolves a vane A, a plane piece embodying gnomon and scale. This stands
normal to a disc B, fitted by its pin which passes through the central hole in the disc. The component C is used
for the suspension of the instrument, in order for this to hang in a vertical plane [Wright, 2000].
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Fig 19: The two forms of the type of the portable sundial appearing on the front face of the Byzantine Sundial-
Calendar. The Byzantine Sundial-Calendar belongs to type presented on the left of the figure [by Wright,
2000].

Two separate adjustments are made by the user: The vane is adjusted against the disc, using the double sector-
scale laid out on the disc, which is marked out in calendar months, according to the declination of the Sun. The
disc is also adjusted against the component C for latitude, by the use of the quadrant scale found on the outer
rim of the dial plate. The angle of elevation of the vane equals to the corresponding of the Sun's at noon, for the
specific day and place of the observer. The sundial is suspended and turned until the shadow of the gnomon is
cast along the scale of the vain for determining the temporal hour. of the day

In the case of the Byzantine Sundial-Calendar the user determines or estimates its latitude, sets the pointer of
the arm of the instrument on the correct value of the latitude by reading the outer scale on the front face of the
instrument, and then sets the vane on the correct month by the help of the two annuli giving the names of the
months of the year. Then, he holds the instrument in a vertical plane, and turns it until the shadow of the
gnomon falls on the temporal hour scale, determining the local hour.

The scale on the vane is divided into 6 parts subtending equal temporal hours at the tip of the gnomon. The
vane has its upper end, the gnomon, towards South when the disc faces to the East. After noon,the instrument is
rotated around a vertical axis, in order for the gnomon to cast its shadow on the scale of the vane [Wright,
2000].
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Fig 20: The gmomon assembly (vane and gnomon) of the type of the portable sundial met on the front face of
the Byzantine Sundial-Calendar [by Ling, 2015].

The first temporal hour, the first hour of the day after sunrise, corresponds to the angle of 15° between the
sunray falling at the tip of the gnomon and casting its shadow on the vane, while the angle of 90° corresponds
to the sixth temporal hour, the hour when the Sun is at noon. The letter O designates upper edge of the gnomon

[King, 2015]. We give two examples of such type of portable sundials “pros pan clima”.
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Fig 21: The Byzantine Sundial-Calendar in horizontal view showing the turnable vane, and the dial plate

(reconstruction and photo courtesy by Dionyssios Kriaris).

Fig 22: The Roman portable Sundial in vertical view in vertical view showing the shape of the vane with
gnomon and other similar characteristics of the dial plate to the Byzantine Sundial-Calendar (reconstruction
and photo courtesy by Dionyssios Kriaris).
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Fig 23: The Memphis portable Sundial in vertical view showing the shape of the vane with gnomon and other
similar characteristics of the dial to the Byzantine Sundial-Calendar (reconstruction and photo courtesy by

Dionyssios Kriaris).
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4. Descendants of the Byzantine Sundial-Calendar

Al-Biruni's version of the astronomical gear device follows a similar gear design and philosophy, proving the
long-termed lineage of such astronomical computing devices, as well as the wide influence of the Greco-
Roman tradition in science and technology on the Arabic-Islamic civilization. Al-Biruni is considered to belong
among the most important polymaths of all ages, a multifaceted talent, who wrote extensively on astronomy,
mathematical geography, mathematics, astrological aspects and transits, astronomical instruments, chronology,
comets, religion, history and linguistics, as well as medicine, geology, minerals and gems, and engineering
[Hill, 1985; Sarton, 1927]. Among his works, the one entitled as “Book on the Full Comprehensiveness of the
Possible Methods for Constructing the Astrolabe” contains detailed instructions for constructing the astrolabe,
chapters on conic sections, on the construction of a sophisticated type of compass, as well as the gear calendar,
which he calls “The Box of the Moon” [Hill, 1985].

Al-Biruni gives detailed instructions for the construction and for the functioning of the gear assembly, which
are almost identical to these encountered in the Byzantine Sundial-Calendar. In his construction the output for
displaying the Moon dial gives a synodic month of 28 days, a tropical year of 365.24 days, while the Moon
wheel displays two successive synodical months of 29 and 30 days for each month, correspondingly. The face
of this cylindrical device contains an alidade, which can be moved forward one step at a day, thus changing the
positions of the Sun and of the Moon on the Zodiac, as well as the phases of the Moon. The instrument of Al-
Biruni did not contain a rachet, as in the case of the Byzantine Sundial-Calendar. It is also possible for having
the device in reverse, since by turning the pointer of the Sun at a particular angle on the Zodiac, the phase of

the Moon at a particular day could have been found [Hill, 1985].
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Fig 24: The calendrical device described in Al-Biruni's “Book on the Full Comprehensiveness of the Possible

Methods for Constructing the Astrolabe”, here displaying the structure of the gear mechanism [Hill, 1985].
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366-42. | Days

Moon in Zodiac Age of Moon Sun in Zodiac

Fig 25: The calendrical gearing described by Al-Biruni, and its schematic diagram (in modern form) [by Field
& Wright, 1985b].
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Fig 26: The calendrical gear mechanism described by Al-Biruni implemented in the case of the Byzantine
Sundial-Calendar by the use of the same gear ratios [by Field & Wright, 1985b].

The Arabic Astrolabe-Calendar, signed by Muhammad b. Abi Bakr and dated in 1221/1222 AD, embodies
another example of such a particular astronomical computing device [Field & Wright, 1985]. This early
instrument is the oldest gear machine existing in complete shape, and can be regarded as the materialization of
Al-Biruni’s “Box of Moon”. The close resemblance to the design of Al-Biruni is evident, but the gearing has
been simplified in order to avoid wheels with odd number of teeth, since gears with even number of teeth can

are marked out more easily.

The back face of the instrument contains the lunar phase volvelle. When the user turns the central pivot,

probably by using the rete as a handle, the calendrical circles and the lunar phases begin to move [Price, 1959].
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Fig 27: The Arabic Asatrolabe-Calendar of Muhammad b. Abi-Bakr of Isfahan, front and back face of the
instrument [by de Solla Price, 1959].

Fig 28: Calendrical gearing in the Astrolabe-Calendar of Muhammad b. Abi-Bakr of Isfahan [and its schematic
diagram (in modern form) [by Field & Wight, 1985b].
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Fig. 29: Calendrical gearing in the Astrolabe-Calendar of Muhammad b. Abi-Bakr of Isfahan [by Field &
Wight, 1985b].
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Conclusions

The Byzantine Portable Sundial and Calendar, dated to around the late 5™ or 6™ century CE, is the second-
oldest astronomical gear mechanism known to survive, after the famous Antikythera Mechanism. The technical
significance, the historical importance and the beauty of the Byzantine Portable Sundial and Calendar is
obvious to the layman. The instrument embodies both the art and the science of time measurement, where
simplicity can be considered as the ultimate sophistication, and could be also considered by its user as an
astronomical mechanical toy, as well, beyond its practical use. The design of such time-keeping devices meets
the criteria of ergonomic design, are of considerable horological value, artistic value, while also possessing a
symbolic significance for their users, playing a major role in the material culture of those historical eras. In our
epoch, and after the so far accumulated evidence and multidisciplinary research in the field of the history of
technology, the appearance of the Antikythera Mechanism, and of the Byzantine Sundial and Calendar, as well
as of the Arabic Astrolabe-Calendar, seems to belong in a natural way within a tradition of technological
innovations, combined and cross-fertilized with a tradition which can be casted as the natural precursor of the
sciences of Cybernetics, Automata Theory, and Informatics. The historical and cultural value of the
Antikythera Mechanism, or of the Byzantine Sundial -Calendar seems to be of comparable importance with the
other achievements of the Greek civilization, and add to our contemporary self-knowledge. In our epoch, we
stand as global citizens living within a novel technological era, where information and its generation,
transmission and manipulation, both as a commercial product and as a social and individual value plays a

decisive role in our everyday experience.
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