Gears and rotating ratios

If a 100-teeth gear meshes with a 50-teeth gear, the second will rotate
with half the period, twice as fast: when the larger gear has revolved
once, the smaller has revolved twice in the opposite direction. With the
appropriate combination of gears, ratios can be multiplied and divided
in order to calculate the astronomical periods.

The number of gear teeth of the Mechanism is the result of calculations
deriving from the Metonic and Saros periods, as well of the theory for the
apparent variable motion of the Moon.

These two gears from the Mechanism are named b2 (with 64 teeth) and

cl (with 38 teeth). So their ratio is -64/38 (the minus sign means the rotation
of the first one, the“input’; is opposite to the rotation of the second one, the
“output”).The number 38 contains the prime number 19, that is the number
of years in the Metonic Cycle.

fpavalia kat mepiodol MEPLOTPOPNC

Av éva ypavadl pe 100 d6vTia cupmAEKeTal e Eva AAO

mou €xel 50 dovtia kat Tou petadidel Tnv Kivnon Tov, 1oTe To SUTEPO
Ba meplotpéPeTal pe Tn pion mepiodo, SnAadn Vo opég o
YPNyopa: 6tav 1o PEYANO eKTEAEL pia TTEPLOTPOPN), TO UIKPO EKTEAEI
dVo, o€ avtibetn @opd. Me katdAAnAoug cuvduaououg ypavallwv
moAAamAactafovtal kat dtaipouvtal ol AGyol TEPICTPOPNG UE OKOTIO
TNV anmelkovion Twv KATAANAWY aoTPOVOUIKWY TTEPLOSWV.

H emAoyn tou mAnBoug Twv dovTiwv Twv ypavallwv Tou Mnxaviopou
€ival amoTéNECUA UTTOAOYIOUWYV E apeTnpia TIG TTEPIOSOUG TOU
Mé&twvog Kal Tou 2dpou, KabBwg Kal TNG Oewpiag yia Tn YavopeVIKA
METABAANOPEVN Kivnon TNG ZEAAVNG.

Autd Ta cuykekpiuéva ypavadlia tou Mnxaviopou sival

10 b2 pe 64 d6vtia kat 1o c1 pe 38. O AOYo( €ival CUVETTWG

-64/38 (to apvnTIKO MPOCNUO CNUAiVEL OTL N opPa Tou SeUTEPOU,
OnA. TN¢ «e€660LY, gival avTtiBeTn amd Tn opPd TOL MPWTOU,

OnA. TNG «€10060UL»). O aplBUdC 38 gumepléxel TOV TPWTO aApPLOuo 19,
OnAadn to MARB0o¢ TWV £TWV 0TOV KUKAO ToUu MéTwvoc.



The gearing of the Mechanism.

Gears in black are seen in the X-ray evidence;
gears in red are conjectured in order to complete the model.

Ta ypavalia tov Mnxavicpou

Ta pavpa SlakpivovTal GTIC AKTIVOYPAPIEC,
TA KOKKIVA €ival utoBeTIKA yla va cUPMANPwOEi To povTéAo.



NEPIHFHEH ETHN AZTPONOMIA KAI
THN TEXNOAOTIA THXZ ENOXHZ TOY

How does it work?

Turning a crank handle moves simultaneously all the pointers,
through gears and axles that connect them. By selecting a date

in the front 365 days dial (with the possibility of an extra leap day
every four years), corresponding information can be read about

the astronomical bodies on the other dials. Alternatively, the user can
select an astronomical event and then see the date when it will occur
(or has occurred in the past).

For instance, the user can directly check the correspondence between
the solar and the lunar calendar, the position and phase of the moon,
and the eclipses that may occur for a given day of the selected month.
But the most remarkable ability of the Antikythera Mechanism is to show
the variable motion of the Moon, realized through an extraordinary
epicyclic gear train.

NMwc Asttovpysl;

H mepiotpo@ry ano tov Xpriotn Hiag xeipokivntng Aafng Kivei
TAUTOXPOVA OAOUC TOUG OEIKTEC, HEOW TWV ypavadllwv Kal Twv a&Ovwv
TTOU Tou¢ cuvdEouv. ETol, av emAEeYe( pia nUEPOUNVia oTnV UMPooTIVi
KAipaKa Twv 365 nuepwV (e SuvatoTtnta pUBUIoNC YIa Hia EMTTAEOV
NUEPQ KABe TEooepa £Tn), ot unoAotrol Seikteg Ba Swoouv OAEC

TIC SIAD£OIEC AOTPOVOUIKES TTANPOPOPIES YIA AUTHV TNV NUEPOUNVIQL.
AVTIOTPOPWC, O XPNOTNG MITOPEI Va PEPEL Evav OEIKTN O KATIOLO
OOTPOVOMIKO (PAVOUIEVO Kal KATOTTIV va O€EL TNV NUEPOUNVIa

OTNV OTTOI0 TO CUYKEKPILIEVO Patvopievo Ba cupei.

[ta mapadelyua, UmopEi 0 xpriotng va el Aueca TNV avtioTtolyia avapeoa
OTO NAIAKO KAl 0TO OEANVIAKO NUEPOAOYIO, AAAA Kal TN B€on Kau T pdon NG
> eNvNC, KaBWG Kal TIG EKAEIPEIC TTOL EVOEXETAL VO CUMBOUV OE CUYKEKPIUEVN
NUEPA TOU GeANVIOKOU uriva. Ouwg n mMAéov aglompooekTtn duvatotnta

Tou Mnxaviouou Twv AvTiKuBrjpwv gival n mapouciaon TNG HETABANTAG
Kivnong TNG ZeArvng, N 0TI EMITUYXAVETAL UECW EVOC EKTTANKTIKOU
ETMKUKAIKOU OUOTAUATOC OO0OVTWTWY TPOXWV.
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Epicyclic system and Rehm'’s sketch

Derek Price, like Rehm almost seven decades earlier, proposed that the
Mechanism contained epicyclic gearing, that is gears whose centre of
rotation are on other gears. This was a key step in the history of technology.
Epicyclic gearing enables the addition and subtraction (not only multiplication
and division) of ratios. In western technology, the next known example of
epicyclic gearing is about 16 centuries later.

EmMKUKAIKO cUoTNHA Kat oXESLo Pep

O MNpdig, 6mwg Kat o Pep oxedov entd dekaetieg mpiv and autoy,
TTPOTEIVE OTI 0 MNXAVIOUOC EUTTIEPLEIXE KAl EMKUKAIKA ypavadia,
OnAadn ypavdadlia mou meploTpéPovTal Tavw o€ AEoVeC TTou Kal ol idlol
gival tomoBetnuévol o€ ypavadia. Empokelto yia éva onuavtiko Bripa
oTnV loTopia TNG TeExvoloyiac. Ta emKUKAIKA ypavddlia Sivouv

™ duvatdTnTa MPOCBEeoNC Kal aaipeong AOywv TTEPIOTPOPNG

Kal 0x1 HOvo TTOANATTAQCLACGOU Kal Slaipeonc. To emdueVo yvwoTto
mapdadelypa emMKUKAIKWY ypavadlliwv otnv Texvoloyia tng Avong
ep@aviCetal SeKaé€L alveg apyoTepa.
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The Moon’s motion and the eclipse prediction

The input gear of two epicyclic gears has a pin on it, which slides in a slot on
the output gear. The two gears rotate on slightly different axles, separated
by a distance of about 1 mm.

The result is a variation from slower to faster (and vice versa) of the rotation
speed of output gear, while the input gear rotates at constant speed. This
mechanism is exactly what is needed to show the observable variation of
the Moon’s motion, according to the theory attributed to Hipparchos.

The upper back Metonic calendar dial, with its 235 divisions, has five turns to
its spiral scale and the lower back Saros eclipse prediction dial, with its 223
divisions, has four turns. The pointers on the back dials have pins on their
ends, which move within spiral grooves, like an old-fashioned gramophone
needle on a record, in order to indicate the correct month.

To find an eclipse prediction on the Saros Dial, the user will turn the crank
handle until the upper pointer moves to the desired year and month on
the Metonic calendar. The Saros pointer will then show whether a possible
eclipse is predicted in that month. On the inscription the user can then
read the type of the eclipse, whether it happens in the day or night and its
predicted hour. The corresponding year and month is given by the upper
pointer. But the exact day has to be read from the front dial, by moving the
crank until the solar pointer is either coincident with the lunar pointer (if the
eclipse is solar) or diametrically opposite (if the eclipse is lunar).The day of
the lunar month was probably then read from a scale attached to the lunar
phase mechanism that has now disappeared.

H Kivnon tn¢ ZeAvng Kat n mpoyvwon TwWv eKAEIPEwWV

To ypavddl «elc0b8ou» evoc amd Ta SUo emMKUKAIKA ypavddlla gEpel

€vav Tipo 0 omoio¢ el0épyeTal O€ ia oxiopr Tou ypavadliou «e€606oux». ETol
Ta S0 ypavalla TEPIOTPEPOVTAL TTAVW OE EAAPPWCE OIAPOPETIKOUC AEOVEC
mou xwpifovtal amd andéotacn mepimou evog XIMOoToU.

To amotéAeopa gival 0TI, eVvw T YPavAdll el0680ou TTEPIOTPEPETA

pe otaBepn) TaxuTNTA, N TAXUTNTA TEPIOTPOYPNC TOu ypavallou

€€000V peTafANeTal amod tn MIKPOTEPN £WC TN UEYAAUTEPN TIUN,

Kal avTioTpopwc. Auth n didtaén eival akplBwg 6,tt xpeldletal yia tnv
ATTIEIKOVION TNG PAIVOUEVIKA PETABANOUEVNG TAXUTNTAG TIEPIOTPOPNG TNG
>eNAvng, cUPPWVA PE TNV TTIO TIPOXWPNUEVN Bewpia TNG EMOXNAC EKEIVNG,

n omoia amodidetal otov Immapxo tov Podio.

Ot peydot omioBiot dvw kat KAtw SeiKTEG KivouvTal Héoa O OTEIPEC,
omwg n «BeAdva Tou mikam». Me 5 meploTPOPES (0TNV Avw) N 4 (0TNV KATW)
EVOC OXETIKA TIEPLOPIOPEVOU XWPOU, ol Seikteg dlatpéxouv 235

N 223 TUAMATA TTOU TO KABEVA TOUG AVTIOTOLXEl O Evav GEANVIOKO

MAVA TV KUKAWV Tou METWVOC Kal TOU AP0V avTioTolxa.

Ma va Bpet Tnv mpdyvwon piag EKAePng He Tov Katw Sgiktn Tou Zdpov,
0 XxpNotng Ba otpéPel Tn AaPn €wg 6tou o dvw deikTng TomoBeTnOsi oTo
{NTOUMEVO £TOC Kal priva Tou MeTwVIKOU nUEPOAOYioU, Evw Tautoxpova
TIEPIOTPEPETAL KAl O KATW SEIKTNG, KAl EVOEXOUEVWE KATAAAYEL O TUARMA
01OV €XEl ONUEIWBEl MPOyvwon EKAelPNG (av dev onuelwveTal EKAelYn,
0 XPNOTNG UTTOPE( VO CUVEXICEL TNV TIEPIOTPOPN MEXPL O KATW OEIKTNG
va TonmoBetnBei mavw o€ MPOYVWOoN EKAEIPNC). TNV EMYPAPr] AVAPEPETAL
n wpa NG EKAePnC, av Ba mpaypatomnoinBei uépa

1 vOxTa, Kabwg kat o Tumo¢ TG (HAiou ) ZeAivng). To avtioTtolyo

€10¢ Kal o avtioTtotxog urvag divovtal amd tn B€on Tou Avw SeikTn.
Opwe n akpIBAC NUEPa TNG EKAEPNC TTpETEL va SlafacTei amd Toug
EUTTPOOOI0UC OEIKTEC, WC EENC: PE UIKPEC TIAEOV UETAKIVAOELG,

o xpnotn¢ tomoBetei Tov deiktn Tou ‘HAlou €ite mMapdAAnAa

TTPOC Tov O&iKTNn TNG ZEAVNG, EQOOOV TTPOKELTAL Yia EKAEPn HAlov,

eite ek Slapétpou avtiBeta, otnv mepintwon EKAEWPNS ZeARVNC.

H nuépa tote umopei va diaffaotei and pia KAipaka mavw

OTOV PUNXAVIOHUO TwV PACEWYV TNG ZEAVNGE, TNG OTTOIOC

n unmap&n mbavoloyeitat.



