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The	
  Antikythera	
  Mechanism	
  is	
  a	
  mechanical	
  astronomical	
  instrument	
  that	
  was	
  discovered	
  in	
  an	
  ancient	
  shipwreck	
  
at	
  the	
  beginning	
  of	
  the	
  twentieth	
  century,	
  made	
  about	
  the	
  second	
  century	
  B.C.	
  It	
  had	
  several	
  pointers	
  showing	
  the	
  
positions	
   of	
   the	
   moon	
   and	
   sun	
   in	
   the	
   zodiac,	
   the	
   approximate	
   date	
   according	
   to	
   a	
   lunisolar	
   calendar,	
   several	
  
subsidiary	
  dials	
   showing	
  calendrical	
  phenomena,	
  and	
  also	
  predictions	
  of	
  eclipses.	
   Scholars	
  agree	
   that	
   it	
  probably	
  
also	
  showed	
  the	
  position	
  of	
  the	
  planets	
  in	
  the	
  zodiac.	
  In	
  2012	
  Carman	
  and	
  Evans	
  on	
  the	
  one	
  hand,	
  and	
  Freeth	
  and	
  
Jones	
  on	
  the	
  other,	
  independently	
  published	
  very	
  similar	
  proposals	
  for	
  the	
  planets	
  based	
  on	
  the	
  pin	
  and	
  slot	
  device,	
  
already	
  deciphered	
   for	
   the	
  Moon	
  by	
  Freeth	
  et	
  al.	
   in	
  2008.	
  One	
  year	
   later,	
   Evans	
  and	
  Carman	
  suggested	
   that	
   the	
  
epicycle	
  and	
  deferent	
  system	
  could	
  have	
  been	
  originated	
  using	
  the	
  pin	
  and	
  slot	
  device	
  as	
  an	
  inspiration,	
  and	
  not	
  the	
  
other	
  way	
  around.	
  According	
   to	
   that	
  proposal,	
  pin	
  and	
   slot	
  devices	
  were	
   conceived	
  as	
  a	
  mechanical	
   solution	
   for	
  
producing	
  anomalistic	
  motions	
  in	
  geared	
  mechanisms	
  and	
  only	
  afterwards,	
  considering	
  the	
  device,	
  some	
  geometer	
  
proposed	
  the	
  epicycle	
  and	
  deferent	
  model.	
  We	
  did	
  not	
  propose,	
  however,	
  any	
  particular	
  way	
  in	
  which	
  the	
  pin	
  and	
  
slot	
   model	
   could	
   have	
   been	
   designed	
   starting	
   only	
   with	
   astronomical	
   data,	
   being	
   unaware	
   of	
   the	
   epicycle	
   and	
  
deferent	
  model.	
  In	
  this	
  talk	
  I	
  will	
  offer	
  a	
  possible	
  path	
  that	
  the	
  maker	
  of	
  the	
  mechanism	
  could	
  have	
  followed.	
  	
  

	
  

Introduction	
  

The	
   Antikythera	
   Mechanism	
   is	
   a	
   mechanical	
   astronomical	
   instrument	
   that	
   was	
   discovered	
   in	
  
an	
  ancient	
  shipwreck	
  at	
  the	
  beginning	
  of	
  the	
  twentieth	
  century.	
  The	
  shipwreck	
  has	
  been	
  dated	
  to	
  
the	
  decades	
  around	
  60	
  B.C.E.1	
  There	
  is	
  no	
  consensus	
  on	
  whether	
  the	
  Mechanism	
  was	
  built	
  shortly	
  
before	
  the	
  shipwreck	
  or	
  significantly	
  earlier.2	
  After	
  twenty	
  centuries	
  under	
  water,	
  it	
  is	
  incomplete,	
  
and	
   broken	
   into	
   numerous	
   fragments.	
   The	
   extant	
   fragments,	
   however,	
   are	
   sufficient	
   for	
  
reconstructing	
   the	
   mechanism’s	
   main	
   structure	
   and	
   functions.	
   The	
   mechanism	
   had	
   several	
  
interconnected	
   pointers,	
   driven	
   by	
   toothed	
   gearing	
   system	
   that	
   indicated	
   the	
   positions	
   of	
   the	
  
moon	
  and	
  the	
  sun	
  in	
  the	
  zodiac,	
  the	
  date	
  according	
  to	
  the	
  Egyptian	
  calendar,	
  the	
  date	
  in	
  a	
  Greek	
  
lunisolar	
  calendar,	
  in	
  addition	
  to	
  the	
  circumstances	
  of	
  upcoming	
  solar	
  and	
  lunar	
  eclipses.3	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  Weinberg	
  et	
  al.	
  1965,	
  Price	
  1974,	
  Cristopoulou	
  et	
  al.	
  2012,	
  Kaltsas	
  et	
  al.	
  2012.	
  	
  
2	
  Price	
  1974:19	
  deduced	
  with	
  a	
  probably	
  wrong	
  argument	
  that	
  the	
  date	
  is	
  in	
  the	
  80s	
  BCE;	
  Carman	
  &	
  Evans	
  
2014	
  favor	
  a	
  construction	
  date	
  within	
  a	
  few	
  Saros	
  cycles	
  of	
  205	
  BCE;	
  Freeth	
  2014	
  suggests	
  the	
  same	
  starting	
  
date,	
  but	
  says	
  that	
  “it	
  should	
  not	
  necessarily	
  be	
  inferred	
  that	
  the	
  date	
  of	
  the	
  Antikythera	
  Mechanism	
  is	
  the	
  
same	
  as	
  the	
  date	
  from	
  which	
  the	
  Sarod	
  Dial	
  was	
  designed”	
  (2014:11);	
  Iversen	
  2017	
  and	
  Jones	
  2017:157-­‐160	
  
argued	
  for	
  a	
  dating	
  closer	
  to	
  the	
  shipwreck.	
  	
  
3	
  Price	
  1974,	
  Wright	
  et	
  al.	
  1995,	
  Wright	
  2002,	
  2003a,	
  2003b,	
  2005a,	
  2005b,	
  2005c,	
  2006,	
  Freeth	
  et	
  al.	
  2006,	
  
Freeth	
  et	
  al.	
  2008,	
  Evans	
  et	
  al.	
  2010,	
  Edmunds	
  2011,	
  Carman	
  et	
  al.	
  2012,	
  Freeth	
  &	
  Jones	
  2012,	
  Wright	
  2012,	
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Less	
   than	
  a	
  decade	
  after	
   the	
  discovery	
  of	
   the	
   fragments,	
   scholars	
  were	
  already	
  arguing	
  whether	
  
the	
  Mechanism	
  had	
  some	
  sort	
  of	
  planetary	
  display	
   (see	
  Anastasiou	
  et	
  al.	
  2016b:	
  286),	
  and	
  since	
  
then,	
   researchers	
   offered	
  many	
   different	
   interpretations	
   of	
   the	
   extant	
   fragments	
   in	
   this	
   regard.	
  
Even	
   if	
   some	
   of	
   them	
   seem	
  more	
   plausible	
   than	
   others,	
   all	
   remain	
   highly	
   speculative	
   because	
  
there	
  are	
  no	
   remains	
  of	
   this	
   supposed	
  planetary	
  device	
   (no	
  pointers,	
  dials,	
  or	
  gears)	
  among	
   the	
  
fragments	
   of	
   the	
  Mechanism.	
  Hence	
   some	
  have	
  put	
   the	
   very	
   existence	
  of	
   the	
   planetary	
   display	
  
into	
  question.	
  Nevertheless,	
  the	
  recent	
  publication	
  of	
  a	
  new,	
  more	
  complete	
  and	
  more	
  accurate,	
  
transcription	
  and	
  translation	
  of	
  the	
  Mechanism’s	
  Front	
  Cover	
  Inscription	
  (Anastasiou	
  et	
  al.	
  2016b),	
  
mentioning	
  all	
   five	
  planets,	
   together	
  with	
   their	
  main	
  synodic	
  phenomena	
  and	
   the	
   time	
  between	
  
them	
   expressed	
   in	
   days,	
   removes	
   all	
   doubt:	
   the	
   Mechanism	
   showed	
   some	
   astronomical	
  
information	
  about	
  the	
  planets.	
  The	
  question	
  is	
  which	
  and	
  how.	
  

Scholar	
  have	
  suggested	
  three	
  main	
  different	
  kinds	
  of	
  proposal:4	
  (a)	
  Michael	
  Wright	
  among	
  others5	
  
proposed	
  a	
  model	
  that	
  essentially	
  reproduced	
  the	
  epicycle	
  and	
  deferent	
  model	
  mechanically:	
  a	
  big	
  
gear	
   rotates	
   like	
  a	
  deferent	
   for	
  each	
  planet,	
   carrying	
   the	
  axis	
  of	
   another	
  gear	
   that	
  works	
  as	
   the	
  
epicycle.	
   A	
   pointer	
   is	
   fixed	
   from	
   the	
   center	
   of	
   the	
   deferent	
   to	
   a	
   pin	
   in	
   the	
   epicycle	
   gear	
   that,	
  
therefore,	
  moves	
   like	
   the	
   planet	
   according	
   to	
   this	
  model.	
   (b)	
   James	
   Evans,	
   Alan	
   Thorndike	
   and	
  
myself	
   have	
   suggested	
   in	
   2010	
   (Evans	
   et	
   al.	
   2010)	
   that	
   the	
   Mechanism	
   could	
   have	
   had	
   five	
  
subsidiary	
  dials,	
  one	
  per	
  planet,	
  with	
  pointers	
   rotating	
  one	
   turn	
  per	
   synodic	
  period	
   showing	
   the	
  
synodic	
   phenomena	
   (stations,	
   oppositions,	
   first	
   visibilities,	
   etc.)	
   of	
   each	
   planet.	
   Finally,	
   (c)	
   both	
  
Evans	
   and	
  myself	
   on	
   the	
   one	
   hand	
   (Carman	
  &	
   Evans	
   2012)	
   and	
   Freeth	
   and	
   Jones	
   on	
   the	
   other	
  
(Freeth	
  &	
  Jones	
  2012),	
  almost	
  simultaneously	
  though	
  independently	
  offered	
  models	
  that	
  apply	
  to	
  
the	
  planets	
  the	
  pin	
  and	
  slot	
  device’s	
  principles	
  for	
  showing	
  the	
  anomaly	
  of	
  the	
  moon.	
  

Scholars	
  usually	
  assumed	
  that	
  the	
  maker	
  of	
  the	
  mechanism	
  somehow	
  translated	
  into	
  gears	
  either	
  
the	
  existing	
   geometrical	
  model	
  of	
   epicycles	
   and	
  deferents,	
   or	
   the	
  pin	
   and	
   slot	
   variant	
   (probably	
  
more	
  related	
  to	
  the	
  eccentric	
  model),	
  but	
  Evans	
  and	
  myself	
   (Evans	
  and	
  Carman	
  2014)	
  suggested	
  
that	
   the	
   epicycle	
   and	
   deferent	
   model	
   could	
   have	
   originated	
   using	
   a	
   pin	
   and	
   slot	
   device	
   as	
   an	
  
inspiration.	
   According	
   to	
   this	
   proposal,	
   pin	
   and	
   slot	
   devices	
   were	
   conceived	
   as	
   a	
   mechanical	
  
solution	
  for	
  producing	
  anomalistic	
  motions	
  in	
  geared	
  mechanisms	
  and	
  then,	
  with	
  these	
  devices	
  in	
  
mind,	
  a	
  geometer	
  could	
  have	
  suggested	
  the	
  epicycle	
  and	
  deferent	
  system.	
  Our	
  main	
  argument	
  in	
  
2014	
  was	
  to	
  show	
  that	
  the	
  appearance	
  of	
  gears	
  in	
  Greece	
  is	
  earlier	
  than	
  (or	
  at	
  least	
  contemporary	
  
to)	
   the	
  proposal	
   of	
   the	
   geometrical	
  model	
   of	
   epicycles	
   and	
  deferents,	
   but	
  we	
  did	
   not	
   offer	
   any	
  
particular	
   way	
   in	
   which	
   the	
   pin	
   and	
   slot	
   model	
   could	
   have	
   been	
   designed	
   considering	
   only	
  
astronomical	
  data,	
  without	
  knowing	
  the	
  epicycle	
  and	
  deferent	
  model.	
  I	
  will	
  offer	
  today	
  a	
  possible	
  
path	
  that	
  the	
  maker	
  of	
  the	
  mechanism	
  could	
  have	
  followed	
  for	
  this	
  task.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Anastasiou	
  et	
  al.	
  2013,	
  Anastasiou	
  et	
  al.	
  2014,	
  Carman	
  &	
  Evans	
  2014,	
  Freeth	
  2014,	
  Carman	
  &	
  Di	
  Cocco	
  2016,	
  
Bitsakis	
   &	
   Jones	
   2016a,	
   2016b,	
   Jones	
   2016,	
   Anastasiou,	
   Bitsakis,	
   Jones,	
   Steele	
   and	
   Zafeiropoulou	
   2016,	
  
Anastasiou,	
  Bitsakis,	
  Jones,	
  Moussas,	
  Tselikas	
  and	
  Zafeiropoulou	
  2016,	
  Allen	
  et	
  al.	
  2016,	
  Jones	
  2017.	
  
4	
  There	
   is	
  a	
   forth,	
  actually,	
  suggested	
  by	
  Rhem	
  and	
  probably	
  by	
  Price,	
  according	
  to	
  which	
  the	
  display	
  only	
  
showed	
  the	
  mean	
  longitude	
  of	
  the	
  planets,	
  but,	
  at	
  least	
  for	
  the	
  inner	
  planets,	
  it	
  would	
  not	
  have	
  made	
  sense.	
  
See	
  Anastasiou	
  et	
  al	
  2016b,	
  286.	
  
5	
  Theofanidis	
  1934,	
  Edmunds	
  &	
  Morgan	
  2000,	
  Wright	
  2002.	
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I	
   will	
   show	
   that	
   it	
   is	
   possible	
   to	
   arrive	
   in	
   three	
   steps	
   at	
   the	
   pin	
   and	
   slot	
   model	
   for	
   the	
   outer	
  
(Carman	
   and	
   Evans	
   2012)	
   and	
   inner	
   (Evans	
   and	
   Carman	
   2014)	
   planets.	
   Each	
   step	
   can	
   be	
  
understood	
  as	
  a	
  version	
  of	
  a	
  mechanism	
  simpler	
  than	
  the	
  Antikythera	
  Mechanism,	
  or	
  simply	
  as	
  a	
  
logical	
   step	
   without	
   assuming	
   that	
   this	
   earlier	
   version	
   of	
   the	
   mechanism	
   actually	
   existed.	
  
Nevertheless,	
   it	
   is	
   not	
   at	
   all	
   implausible	
   that	
   these	
   models	
   have	
   actually	
   been	
   built,	
   for	
   the	
  
complexity	
  and	
  economy	
  of	
   the	
  Antikythera	
  Mechanism	
   indicates	
   that	
   it	
   is	
  not	
   the	
   first	
  attempt	
  
but,	
  rather,	
  the	
  mature	
  outcome	
  of	
  a	
  long	
  tradition	
  (it	
  is	
  certainly	
  unlikely	
  for	
  one	
  to	
  introduce	
  a	
  
pin	
  and	
  slot	
  device	
  for	
  producing	
  non-­‐uniform	
  motion	
  for	
  the	
  moon	
  pointer	
  in	
  the	
  very	
  first	
  model	
  
that	
  one	
  makes!).	
  

First	
  step:	
  the	
  synodic	
  phenomena	
  

If	
   someone	
  wanted	
   to	
   show	
  with	
   a	
  mechanism	
  astronomical	
   information	
   related	
   to	
   the	
   planets	
  
being	
   unaware	
   of	
   the	
   epicycle	
   and	
   deferent	
   model	
   (or	
   of	
   any	
   other	
   geometrical	
   model	
   for	
  
representing	
  the	
  motion	
  of	
  the	
  planets,	
  like	
  that	
  of	
  Eudoxus),	
  then	
  he	
  would	
  almost	
  certainly	
  have	
  
liked	
   to	
   show	
  the	
  synodic	
  phenomena	
  of	
   the	
  planets,	
  at	
   the	
   time	
  of	
   their	
  occurrence,	
   for	
   this	
   is	
  
what	
  Babylonians	
  did.	
  Their	
  arithmetical	
  methods	
  weren’t	
  designed	
  to	
  obtain	
  the	
  planet’s	
  motion	
  
around	
  the	
  zodiac,	
  but	
  to	
  calculate	
  directly	
  some	
  important	
  synodic	
  phenomena	
  (see	
  Evans	
  1988:	
  
320-­‐321).	
   Therefore,	
   the	
  maker	
   of	
   the	
  mechanism	
  would	
   have	
   liked	
   to	
   have	
   a	
   pointer	
   showing	
  
when	
  a	
  planet	
  reached	
  conjunction	
  or	
  opposition,	
  first	
  and	
  last	
  visibility,	
  first	
  and	
  second	
  station,	
  
etc.	
  This	
  suggestion	
  is	
  not	
  only	
  consistent	
  with	
  Babylonian	
  practice,	
  but	
  also	
  with	
  the	
  extant	
  text	
  of	
  
the	
  Antikythera	
  Mechanism’s	
  Front	
  Cover	
  Inscription,	
  which	
  attests	
  the	
  description	
  of	
  the	
  synodic	
  
phenomena	
   of	
   each	
   planet,	
   together	
  with	
   the	
   interval	
   in	
   days	
   between	
   them	
   (Anastasiou	
   et	
   al.	
  
2016b).	
  I	
  will	
  call	
  this	
  pointer	
  the	
  synodic	
  phenomenon	
  pointer	
  or,	
  better,	
  the	
  synodic	
  pointer.	
  

The	
  maker	
  should	
  have	
  designed	
  a	
  gear	
  train	
  that	
  obtained	
  the	
  synodic	
  period	
  of	
  each	
  planet	
  for	
  
making	
  these	
  displays:	
  for	
  example,	
  in	
  the	
  case	
  of	
  Mercury,	
  the	
  synodic	
  pointer	
  should	
  rotate	
  one	
  
turn	
   in	
   around	
   116	
   days;	
   in	
   the	
   case	
   of	
   Venus,	
   1.6	
   years;	
   2.14,	
   1.09,	
   and	
   1.035	
   years	
   for	
  Mars,	
  
Jupiter,	
   and	
   Saturn	
   respectively.	
   The	
   situation	
   for	
   the	
   inner	
   planets	
   is	
   almost	
   trivial	
   for	
   their	
  
synodic	
  period	
   is	
  exactly	
  one	
  year.	
  Then,	
   in	
   the	
  display	
   for	
  each	
  planet,	
  a	
  mark	
   for	
  each	
  synodic	
  
phenomenon	
  would	
  have	
  been	
  placed	
  in	
  such	
  a	
  way	
  that	
  the	
  synodic	
  pointer	
  would	
  have	
  pointed	
  
to	
   this	
   particular	
   mark	
   when	
   the	
   planet	
   was	
   showing	
   these	
   particular	
   synodic	
   phenomena.	
   It	
  
would	
  be	
  sufficient	
  to	
  know	
  the	
  times	
  between	
  the	
  synodic	
  phenomena	
  for	
  locating	
  these	
  marks,	
  
just	
   like	
   those	
   present	
   in	
   the	
   Front	
   Cover	
   Inscription,	
   and	
   transforming	
   them	
   into	
   angles.	
   For	
  
example,	
   in	
  the	
  case	
  of	
  Mars	
  one	
  could	
   infer	
   from	
  the	
  extant	
  text	
  of	
   the	
  Front	
  Cover	
   Inscription	
  
that	
   the	
   time	
   from	
   conjunction	
   to	
   the	
   start	
   of	
   the	
   first	
   stationary	
   point	
   is	
   349	
   days.	
   After	
   that,	
  
Mars	
  would	
   remain	
   8	
   days	
  without	
  motion	
   and	
   then	
   it	
   would	
   start	
  moving	
   backward.	
   After	
   33	
  
days,	
  Mars	
  would	
  reach	
  opposition	
  to	
  the	
  Sun,	
  continuing	
  with	
  retrograde	
  motion	
  for	
  another	
  33	
  
days,	
   resting	
   8	
   days	
   afterwards,	
   to	
   start	
   forward	
  motion	
   once	
  more	
   reaching	
   again	
   conjunction	
  
after	
  349	
  days.	
  Mars’	
  complete	
  cycle	
  is,	
  then,	
  of	
  780	
  days.	
  It	
  isn’t	
  difficult	
  to	
  represent	
  these	
  days-­‐
intervals	
   in	
   angles,	
   simply	
   multiplying	
   the	
   days	
   by	
   360°/780d.	
   With	
   the	
   intervals	
   expressed	
   in	
  
degrees,	
   the	
   dial	
   can	
   be	
   built	
   as	
   shown	
   in	
   figure	
   1,	
  where	
  C	
   represents	
   the	
   conjunction;	
  O,	
   the	
  
opposition;	
  and	
  the	
  short	
  arcs	
  S1	
  and	
  S2,	
  the	
  time	
  the	
  planet	
  remains	
  at	
  rest	
  during	
  stations.	
  I	
  have	
  
added	
  to	
   figure	
  1	
  two	
  other	
  synodic	
  phenomena	
  that	
  do	
  not	
  seem	
  to	
  appear	
   in	
   the	
  Front	
  Cover	
  
Inscription,	
  but	
  could	
  certainly	
  be	
  present	
  in	
  an	
  earlier	
  version:	
  the	
  first	
  and	
  last	
  visibility	
  and	
  the	
  
nonagenarii.	
   When	
  Mars	
   is	
   close	
   to	
   conjunction,	
   it	
   is	
   invisible	
   due	
   to	
   the	
   glare	
   of	
   the	
   Sun	
   for	
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around	
  25	
  days	
  or	
  11,5°	
  at	
  each	
  side	
  of	
  conjunction	
  (Toomer	
  1984:	
  639).	
  The	
  first	
  and	
  last	
  visibility	
  
are	
  indicated	
  with	
  V1	
  and	
  V2.	
  Finally,	
  at	
  least	
  for	
  Mars,	
  there	
  is	
  evidence	
  that	
  some	
  Greco-­‐Roman	
  
astronomical	
   and	
   astrological	
   texts	
   mention	
   another	
   synodic	
   phenomenon:	
   the	
   nonagenarii	
   or	
  
nintieths.	
  Around	
  90	
  days	
  after	
  and	
  before	
  opposition,	
  Mars’s	
  elongation	
  is	
  90°	
  (Neugebauer	
  1975:	
  
792	
  and	
  Jones	
  2004:	
  380).	
  N1	
  and	
  N2	
  indicate	
  the	
  nonagenarii	
  in	
  figure	
  1.	
  The	
  reason	
  for	
  including	
  
them	
  is	
  simply	
  didactic	
  and	
  I	
  will	
  make	
  it	
  clear	
  in	
  the	
  next	
  step.	
  In	
  figure	
  1,	
  the	
  synodic	
  pointer	
  is	
  
showing	
  that	
  the	
  planet	
  is	
  stationary,	
  just	
  before	
  starting	
  its	
  retrograde	
  motion.	
  

	
  
	
  
	
  

	
  

Figure	
  1:	
  Synodic	
  dial	
  for	
  Mars	
  according	
  to	
  step	
  1.	
  D	
  is	
  the	
  center	
  around	
  which	
  the	
  synodic	
  pointer	
  (the	
  arrow)	
  rotates.	
  
The	
  different	
  letters	
  around	
  the	
  synodic	
  dial	
  represent	
  different	
  synodic	
  phenomena.	
  C	
  represents	
  the	
  conjunction;	
  O,	
  the	
  
opposition,	
  N1	
  and	
  N2	
  the	
  nonagenarii,	
  V1	
  and	
  V2	
  the	
  first	
  and	
  last	
  visibility;	
  finally,	
  the	
  short	
  arches	
  S1	
  and	
  S2	
  represent	
  

the	
  time	
  the	
  planet	
  remains	
  at	
  rest	
  during	
  stations.	
  

A	
   similar	
   display	
   could	
   be	
   designed	
   for	
   the	
   inner	
   planets,	
   with	
   a	
   dial	
   adapted	
   to	
   their	
   synodic	
  
phenomena	
  (maximum	
  elongation,	
  inferior	
  and	
  superior	
  conjunction,	
  etc.).	
  See	
  for	
  example,	
  figure	
  
2,	
  in	
  which	
  SC	
  indicates	
  the	
  superior	
  conjunction;	
  IC	
  the	
  inferior	
  one;	
  E1	
  and	
  E2	
  are	
  the	
  maximum	
  
elongations;	
   and	
   S1	
   and	
   S2	
   the	
   stationary	
   points.	
   The	
   synodic	
   pointer	
   in	
   figure	
   2	
   shows	
   Venus	
  
reaching	
  its	
  maximum	
  elongation	
  as	
  an	
  evening	
  star.	
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Figure	
  2:	
  Synodic	
  dial	
  for	
  Venus	
  according	
  to	
  step	
  1.	
  D	
  is	
  the	
  center	
  around	
  which	
  the	
  synodic	
  pointer	
  (the	
  arrow)	
  rotates.	
  
The	
  different	
  letters	
  around	
  the	
  synodic	
  dial	
  represent	
  different	
  synodic	
  phenomena.	
  SC	
  represents	
  the	
  superior	
  

conjunction;	
  IC,	
  the	
  inferior	
  conjunction;	
  E1	
  and	
  E2	
  the	
  maximum	
  elongations;	
  and	
  S1	
  and	
  S2	
  the	
  stationary	
  points.	
  
Therefore,	
  Venus	
  is	
  retrograding	
  when	
  the	
  pointer	
  is	
  between	
  S1	
  and	
  S2.	
  

More	
  synodic	
  phenomena	
  could	
  be	
  displayed,	
   such	
  as	
   first	
  and	
   last	
  visibility	
  at	
  upper	
  and	
   lower	
  
conjunction.	
  It	
  is	
  also	
  possible	
  that	
  the	
  dial	
  have	
  had	
  a	
  day-­‐scale,	
  so	
  that	
  it	
  displayed,	
  for	
  example,	
  
how	
  many	
  days	
  were	
  left	
  for	
  the	
  planet	
  to	
  arrive	
  to	
  the	
  next	
  synodic	
  phenomena.	
  In	
  any	
  case,	
  this	
  
is	
   the	
   first	
   step.	
  Essentially,	
   it	
   is	
   the	
   same	
  proposal	
  Evans	
  et	
  al.	
   2010	
  made:	
  5	
  dials	
   showing	
   the	
  
main	
  synodic	
  phenomena	
  of	
  each	
  planet.	
  I’ll	
  move	
  now	
  to	
  my	
  second	
  step.	
  

Second	
  step:	
  the	
  elongation	
  of	
  the	
  planet	
  

I	
  have	
  already	
  mentioned	
  that	
   the	
  dials	
  could	
  have	
  had	
  day-­‐scales.	
  Suppose	
  that	
   the	
  maker	
  of	
  a	
  
second,	
   improved,	
   version	
  of	
   the	
  mechanism	
  wanted	
   to	
   include	
   the	
  elongation	
   from	
   the	
  Sun	
  of	
  
each	
  planet.	
  Since	
  all	
  synodic	
  phenomena	
  depend	
  on	
  the	
  relative	
  position	
  of	
  the	
  planet	
  from	
  the	
  
Sun,	
  then,	
   it	
   is	
  reasonable	
  to	
  think	
  that	
  a	
  new	
  version	
  would	
  have	
  been	
  designed	
  to	
  indicate	
  the	
  
elongation	
  of	
  the	
  planet	
  at	
  which	
  each	
  synodic	
  phenomenon	
  takes	
  place.	
  Alan	
  Bowen	
  (2002:	
  157-­‐
158)	
  insisted	
  on	
  the	
  fact	
  that	
  pre-­‐Ptolemaic	
  astronomers	
  were	
  not	
  particularly	
  interested	
  in	
  using	
  
the	
  fixed	
  stars	
  for	
  describing	
  the	
  main	
  phenomena	
  of	
  the	
  planets.	
  Instead	
  they	
  used	
  to	
  do	
  it	
  only	
  in	
  
relation	
   to	
   the	
   other	
   planets,	
   especially	
   the	
   Sun.	
   This	
   is	
   particularly	
   true	
   for	
   the	
   inner	
   planets.	
  
Therefore,	
   it	
   is	
   plausible	
   to	
   assume	
   that,	
   besides	
   the	
   isolated	
   indication	
   of	
   the	
   synodic	
  
phenomena,	
  an	
  improved	
  version	
  could	
  have	
  included	
  an	
  elongation-­‐scale.	
  

There	
  seems	
  to	
  be	
  two	
  options	
  to	
  include	
  this	
  scale.	
  A)	
  First,	
  one	
  could	
  label	
  the	
  dial	
  of	
  each	
  planet	
  
with	
  the	
  degrees	
  corresponding	
  to	
  the	
  elongation.	
  The	
  main	
  difficulty	
  with	
  this	
  approach	
  is	
  that	
  it	
  
would	
  imply	
  a	
  non-­‐uniform	
  division	
  of	
  the	
  ring	
  –	
  and	
  a	
  very	
  odd	
  division	
  in	
  the	
  case	
  of	
  the	
  inner	
  
planets,	
   in	
  which	
  there	
  would	
  be	
  two	
  0,	
  one	
  at	
  each	
  conjunction	
  –.	
  Or	
  B)	
  one	
  could	
   look	
  for	
  the	
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center	
  from	
  which	
  the	
  elongation	
  would	
  look	
  uniformly	
  divided.	
  I	
  will	
  explore	
  this	
  second	
  option,	
  
since	
  it	
  appears	
  less	
  odd	
  and	
  simpler	
  than	
  the	
  first	
  one.	
  

By	
  “the	
  center	
  from	
  which	
  the	
  elongation	
  would	
  look	
  uniformly	
  divided”	
  I	
  mean	
  the	
  center	
  from	
  
which	
  a	
  pointer	
  sweeps	
  out	
  an	
  angle,	
  going	
  from	
  one	
  synodic	
  phenomenon	
  to	
  the	
  next,	
  equal	
  to	
  
the	
   angle	
   representing	
   the	
   change	
   in	
   elongation	
   during	
   this	
   period.	
   I	
   will	
   call	
   this	
   point	
   the	
  
elongation	
  center.	
  So,	
  for	
  example,	
  if	
  the	
  elongation	
  at	
  the	
  first	
  visibility	
  of	
  Mars	
  is	
  11.5°,	
  the	
  angle	
  
from	
  conjunction	
  mark	
  to	
  first	
  visibility	
  mark	
  must	
  be	
  11.5°	
  when	
  measured	
  from	
  the	
  elongation	
  
center.	
  

The	
  reasoning	
  for	
  finding	
  the	
  elongation	
  center	
  for	
  the	
  outer	
  planets	
  is	
  simple	
  and	
  does	
  not	
  imply	
  
anything	
   like	
  the	
  epicycle	
  and	
  deferent	
  model	
  (see	
  figure	
  3).	
  From	
  conjunction	
  to	
  opposition	
  the	
  
elongation	
   changes	
   180°,	
   therefore,	
   the	
   elongation	
   center	
   must	
   be	
   in	
   line	
   CO,	
   somewhere	
  
between	
  C	
  and	
  O,	
  so	
  that	
  the	
  angle	
  between	
  them	
  be	
  180°.	
  I	
  will	
  call	
  line	
  CO	
  the	
  line	
  of	
  symmetry,	
  
because	
  the	
  synodic	
  phenomena	
  are	
  symmetrically	
  spaced	
  at	
  both	
  its	
  sides.	
  We	
  also	
  know	
  that	
  in	
  
the	
  case	
  of	
  Mars,	
  at	
  nonagenarii	
  points,	
  the	
  elongation	
  is	
  90°.	
  Thus,	
  from	
  one	
  nonagenarius	
  point	
  
to	
  the	
  next,	
  the	
  elongation	
  of	
  the	
  planet	
  also	
  changes	
  180°.	
  Therefore,	
  the	
  elongation	
  center	
  must	
  
also	
   be	
   in	
   the	
   line	
   N1-­‐N2,	
   somewhere	
   between	
   both	
   points.	
   The	
   only	
   point	
   that	
   fulfills	
   both	
  
constraints	
  is	
  the	
  intersection	
  between	
  the	
  line	
  of	
  symmetry	
  (CO)	
  and	
  N1-­‐N2:	
  B	
  in	
  figure	
  3.	
  	
  

The	
   reason	
   for	
   including	
   the	
  nonagenarii	
  points	
   is	
  now	
  clear,	
   for	
   they	
  make	
   it	
  easier	
   to	
   find	
   the	
  
elongation	
  center.	
  Nevertheless,	
  they	
  are	
  not	
  necessary.	
  To	
  find	
  the	
  elongation	
  center,	
  one	
  has	
  to	
  
know	
  the	
  elongation	
  of	
  one	
  synodic	
  phenomenon	
  (in	
  addition	
  to	
  conjunction	
  and	
  opposition)	
  and	
  
find	
  the	
  point	
  in	
  the	
  line	
  of	
  symmetry	
  from	
  which	
  the	
  angle	
  between	
  this	
  point	
  and	
  conjunction	
  is	
  
equal	
  to	
  that	
  particular	
  elongation.	
  

	
  

Figure	
  3:	
  Synodic	
  dial	
  for	
  Mars.	
  For	
  references	
  see	
  caption	
  of	
  figure	
  1.	
  B	
  is	
  the	
  intersection	
  between	
  the	
  line	
  of	
  symmetry	
  
(line	
  CDO)	
  and	
  the	
  line	
  that	
  joins	
  the	
  nonagenarii	
  points	
  (N1	
  and	
  N2).	
  From	
  B	
  the	
  elongation	
  is	
  uniformly	
  divided.	
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Thus	
  one	
  finds	
  the	
  elongation	
  center	
  (see	
  figure	
  4).	
  The	
  following	
  step	
  is	
  to	
  draw	
  a	
  dial,	
  centered	
  
at	
   the	
   elongation	
   center,	
  with	
   360	
   uniform	
  divisions.	
   After	
   that,	
  we	
   have	
   to	
   add	
   a	
   new	
  pointer	
  
centered	
  at	
  the	
  center	
  of	
  elongation	
  and	
  attached	
  to	
  the	
  extreme	
  of	
  the	
  synodic	
  pointer.6	
  I	
  will	
  call	
  
this	
  new	
  pointer	
  the	
  elongation	
  pointer.	
  This	
  pointer,	
  thus,	
  refers	
  to	
  the	
  correct	
  elongation	
  of	
  the	
  
planet	
   in	
   the	
   uniformly	
   divided	
   circle	
   centered	
   at	
   the	
   elongation	
   center.	
   In	
   figure	
   4,	
   while	
   the	
  
synodic	
  pointer	
  is	
  showing	
  that	
  Mars	
  is	
  in	
  the	
  first	
  stationary	
  point,	
  the	
  elongation	
  pointer	
  shows	
  
that	
  this	
  happens	
  at	
  an	
  elongation	
  of	
  around	
  125°.	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
6	
  Mechanically,	
   this	
   system	
  would	
   imply	
  attaching	
  a	
  pin	
  at	
   the	
  extreme	
  of	
   the	
  synodic	
  pointer	
   that	
  would	
  
move	
   inside	
   a	
   slot	
   in	
   the	
   elongation	
   pointer,	
   so	
   that	
   the	
   uniform	
   motion	
   of	
   the	
   pin	
   measured	
   from	
   D	
  
produces	
  de	
  non-­‐uniform	
  motion	
  of	
  the	
  elongation	
  pointer.	
  It	
  is	
  not	
  necessary	
  that	
  the	
  pin	
  is	
  attached	
  to	
  the	
  
extreme	
  of	
  the	
  synodic	
  pointer.	
  But	
  if	
  not,	
  then	
  the	
  nonagenarii	
  line	
  would	
  not	
  pass	
  through	
  the	
  nonagenarii	
  
marks,	
  but	
  through	
  the	
  positions	
  of	
  the	
  pin	
  when	
  the	
  synodic	
  pointer	
  is	
  pointing	
  to	
  the	
  nonagenarii	
  marks.	
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Figure	
  4:	
  Synodic	
  dial	
   for	
  Mars	
  according	
  to	
  step	
  2.	
  The	
  references	
  are	
  the	
  same	
  as	
   in	
  figures	
  1	
  and	
  3.	
  The	
  arrow	
  with	
  
center	
  at	
  B	
  represents	
  the	
  elongation	
  pointer	
  and	
  shows	
  Mars’	
  elongation	
  in	
  the	
  big	
  scale	
  centered	
  at	
  B.	
  The	
  tip	
  of	
  the	
  
synodic	
  arrow	
  moves	
  the	
  elongation	
  arrow.	
  In	
  this	
  case,	
  the	
  synodic	
  arrow	
  is	
  showing	
  that	
  Mars	
  is	
  at	
  the	
  first	
  station	
  and	
  
its	
  elongation	
  at	
  that	
  moment	
  is	
  around	
  125°.	
  

The	
  reasoning	
  is	
  analogous	
  for	
  the	
  inner	
  planets	
  (see	
  figure	
  5,	
  left).	
  The	
  elongation	
  of	
  the	
  planet	
  is	
  
0	
  twice	
  per	
  synodic	
  period:	
  at	
  the	
  superior	
  conjunction	
  (SC)	
  and	
  at	
  the	
  inferior	
  one	
  (IC).	
  Therefore,	
  
the	
  center	
  of	
  elongation	
  must	
  also	
  be	
   located	
   in	
   line	
  SC-­‐IC	
   (also	
  called	
   line	
  of	
  symmetry).	
   In	
   this	
  
case,	
  however,	
  the	
  angle	
  between	
  points	
  SC	
  and	
  IC	
  from	
  the	
  elongation	
  center	
  would	
  not	
  be	
  180°	
  
but	
   0°.	
   Thus,	
   one	
  must	
   locate	
   the	
   center	
   of	
   elongation	
   above	
   SC	
   or	
   below	
   IC,	
   but	
   not	
   between	
  
them.	
  That	
  is,	
  the	
  center	
  of	
  elongation	
  is	
  not	
  located	
  inside	
  the	
  synodic	
  dial,	
  but	
  outside.	
  	
  

In	
  order	
  to	
  find	
  the	
  exact	
  point	
  of	
  the	
  center	
  of	
  elongation,	
  one	
  needs	
  to	
  find	
  another	
  constraint.	
  
Again,	
   it	
   would	
   suffice	
   to	
   know	
   the	
   elongation	
   of	
   some	
   synodic	
   phenomenon	
   and	
   look	
   for	
   the	
  
point	
   in	
   the	
   line	
   of	
   symmetry	
   (outside	
   the	
   dial)	
   that	
   produces	
   this	
   angle	
   between	
   the	
   line	
   of	
  
symmetry	
   and	
   the	
   mark	
   of	
   the	
   synodic	
   phenomenon.	
   For	
   example,	
   if	
   one	
   knows	
   that	
   the	
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elongation	
  of	
  Venus	
  at	
  the	
  stationary	
  point	
  is	
  29°	
  (i.e.,	
  the	
  retrogradation	
  arc	
  is	
  58°),	
  then	
  one	
  can	
  
find	
  the	
  point	
  from	
  which	
  the	
  angle	
  between	
  S1	
  and	
  the	
  line	
  of	
  symmetry	
  is	
  29°	
  (figure	
  5,	
  left).	
  	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure	
  5:	
  Synodic	
  dial	
  for	
  Venus.	
  For	
  references,	
  see	
  caption	
  of	
  figure	
  2.	
  B	
  is	
  the	
  intersection	
  between	
  the	
  two	
  tangents	
  of	
  
the	
  dial	
  circle	
  at	
  the	
  maximum	
  elongation	
  points	
  (E1	
  and	
  E2).	
  Both	
  tangents	
  intersect	
  at	
  the	
  symmetry	
  line.	
  From	
  B	
  the	
  

elongation	
  is	
  uniformly	
  divided.	
  



10	
  
	
  

	
  

There	
  is,	
  however,	
  another	
  way,	
  more	
  economical	
  and	
  more	
  mechanical,	
  to	
  arrive	
  at	
  point	
  B.	
  The	
  
fact	
  that	
  inner	
  planets	
  have	
  limited	
  elongations	
  can	
  serve	
  for	
  locating	
  the	
  center	
  of	
  elongation.	
  In	
  
figure	
   6,	
   D	
   is	
   the	
   center	
   of	
   synodic	
   phenomena,	
   and	
   B	
   the	
   center	
   of	
   elongation.	
   The	
   arrows	
  
centered	
   at	
   D	
   represent	
   3	
   different	
   possible	
   positions	
   of	
   the	
   synodic	
   pointer,	
   while	
   the	
   arrows	
  
centered	
   at	
   B	
   represent	
   the	
   three	
   corresponding	
   positions	
   of	
   the	
   elongation	
   pointer.	
   Figure	
   6	
  
shows	
   that	
   the	
   elongation	
   arrow	
   would	
   reach	
   its	
   maximum	
   elongation	
   (i.e.,	
   when	
   the	
   angle	
  
between	
  DB	
  and	
  the	
  arrow	
  is	
  maximum)	
  when	
  the	
  two	
  arrows	
  are	
  perpendicular	
  (angle	
  C	
  is	
  90°).	
  
Any	
  other	
  configuration	
  will	
  produce	
  a	
  smaller	
  elongation,	
  as	
  exemplified	
  with	
  A	
  and	
  E.	
  Therefore,	
  
a	
  method	
  to	
  find	
  B	
  is	
  to	
  draw	
  a	
  perpendicular	
  to	
  the	
  synodic	
  arrow	
  when	
  the	
  arrow	
  is	
  pointing	
  at	
  
the	
  maximum	
  elongation	
  mark	
  in	
  the	
  synodic	
  dial.	
  

	
  

	
  

Figure	
  6:	
  Three	
  different	
  positions	
  of	
  the	
  synodic	
  and	
  elongation	
  dials.	
  D	
  is	
  the	
  synodic	
  center,	
  B	
  is	
  the	
  elongation	
  center,	
  
when	
  both	
  dials	
  are	
  perpendicular,	
  the	
  elongation	
  is	
  maximum.	
  This	
  situation	
  is	
  represented	
  at	
  pointers	
  joining	
  at	
  C.	
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This	
  method	
  will	
  guarantee	
  that	
  the	
  elongation	
  arrow	
  reaches	
  its	
  maximum	
  angular	
  distance	
  from	
  
the	
   line	
  of	
   symmetry	
  when	
   the	
   synodic	
  arrow	
   is	
   showing	
   the	
  maximum	
  elongation,	
  as	
   shown	
   in	
  
figure	
  7,	
  in	
  which,	
  as	
  a	
  way	
  of	
  confirmation,	
  one	
  can	
  see	
  that	
  at	
  the	
  point	
  of	
  maximum	
  elongation,	
  
the	
   elongation	
   of	
   Venus	
   is	
   48°	
   measured	
   from	
   B,	
   exactly	
   as	
   was	
   assumed	
   when	
   building	
   the	
  
synodic	
  dial.	
  

	
  

Figure	
  7:	
   Synodic	
  dial	
   for	
  Venus	
  according	
   to	
   step	
  2.	
   The	
   references	
  are	
   the	
   same	
  as	
   figures	
  2	
  and	
  4.	
   The	
  arrow	
  with	
  
center	
  at	
  B	
  represents	
  the	
  elongation	
  pointer	
  and	
  shows	
  the	
  elongation	
  of	
  Venus	
  in	
  the	
  partial	
  big	
  scale	
  centered	
  at	
  B.	
  
The	
   tip	
   of	
   the	
   synodic	
   arrow	
  moves	
   the	
  elongation	
  arrow.	
   In	
   this	
   case,	
   the	
   synodic	
   arrow	
   shows	
   that	
  Venus	
   is	
   at	
   one	
  
maximum	
  elongation	
  and	
  that	
  at	
  that	
  moment	
  the	
  elongation	
  is	
  48°.	
  

In	
   summary,	
   in	
   version	
   2,	
   in	
   addition	
   to	
   the	
   synodic	
   pointer,	
   the	
  mechanism	
  would	
   include	
   an	
  
elongation	
  pointer	
  indicating	
  the	
  elongation	
  of	
  the	
  planet	
  from	
  the	
  Sun	
  at	
  any	
  moment.	
  Certainly,	
  
if	
  the	
  marks	
  of	
  the	
  synodic	
  dial	
  are	
  projected	
  to	
  the	
  marks	
  of	
  the	
  elongation	
  dial,	
  the	
  synodic	
  dial	
  
will	
  be	
  unnecessary.	
  The	
  synodic	
  pointer,	
  however,	
  will	
  still	
  be	
  mechanically	
  necessary	
  for	
  moving	
  
the	
  elongation	
  pointer	
  through	
  its	
  pin.	
  

Third	
  step:	
  the	
  longitude	
  of	
  the	
  planet	
  

The	
   final	
   step	
   consists	
   on	
   producing	
   a	
  model	
   that	
   shows	
   not	
   only	
   the	
   elongations,	
   but	
   also	
   the	
  
longitude	
  of	
   the	
  planets,	
   as	
   Evans	
  and	
  myself	
   (2102)	
   suggested	
  on	
   the	
  one	
  hand,	
   and	
  Freeth	
  et	
  
Jones	
  (2012)	
  on	
  the	
  other.	
  The	
  necessary	
  modification	
  is	
  fairly	
  simple.	
  Version	
  2	
  of	
  the	
  mechanism	
  
specifies	
  the	
  elongation	
  of	
  the	
  planet.	
  Knowledge	
  of	
  the	
  longitude	
  of	
  the	
  Sun	
  permits	
  to	
  obtain	
  the	
  
longitude	
  of	
  the	
  planet	
  by	
  adding	
  or	
  subtracting	
  the	
  elongation	
  from	
  the	
  longitude	
  of	
  the	
  Sun.	
  

Mechanically,	
   there	
  are	
  two	
  main	
  options.	
  The	
  first	
  option	
  requires	
  replacing	
  the	
  elongation	
  dial	
  
with	
  a	
   rotating	
   zodiac	
   that	
   rotates	
  one	
   turn	
  per	
  year	
   (see	
   figure	
  8).	
  The	
  vertical	
   line	
   (the	
   line	
  of	
  
symmetry)	
  at	
  the	
  conjunction	
  tip	
  will	
  show	
  on	
  the	
  moving	
  zodiac	
  the	
   longitude	
  of	
  the	
  Sun	
  (I	
  will	
  
call	
  it	
  the	
  (fixed)	
  solar	
  pointer),	
  while	
  the	
  elongation	
  pointer	
  will	
  show	
  the	
  longitude	
  of	
  the	
  planet	
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(and	
  so	
  I	
  will	
  call	
  it	
  the	
  longitude	
  pointer).	
  Like	
  in	
  the	
  Antikythera	
  Mechanism,	
  a	
  calendar	
  dial	
  could	
  
also	
  be	
  added	
  so	
  that	
  it	
  displays	
  the	
  day	
  of	
  the	
  year	
  using	
  the	
  fixed	
  solar	
  pointer.	
  The	
  zodiac	
  ring	
  
should	
  move	
  in	
  the	
  opposite	
  direction	
  of	
  the	
  signs,	
  so	
  that	
  the	
  fixed	
  solar	
  pointer	
  “advances”	
  on	
  
the	
   direction	
   of	
   the	
   signs.	
   See	
   figure	
   8	
   representing	
   the	
   outer	
   planet	
   –	
   it	
   is	
   not	
   necessary	
   to	
  
duplicate	
   the	
   figure	
   for	
   the	
   inner	
   planet	
   because,	
   in	
   this	
   case,	
   there	
   is	
   no	
   difference.	
   In	
   this	
  
particular	
  configuration,	
  the	
  zodiac	
  dial	
  should	
  rotate	
  counter-­‐clockwise.	
  

	
  

	
  

Figure	
  8:	
  The	
  third	
  model	
  for	
  Mars	
  with	
  a	
  rotating	
  zodiac.	
  References	
  are	
  the	
  same	
  as	
   in	
  figures	
  1,	
  3,	
  and	
  5.	
  A	
  moving	
  
zodiac	
   in	
   addition	
   to	
   a	
   calendar	
   ring	
   has	
   replaced	
   the	
   big	
   elongation	
   dial.	
   The	
   rings	
   rotate	
   one	
   turn	
   per	
   year,	
  
counterclockwise.	
  The	
  vertical	
  arrow	
  pointing	
  up	
  shows	
  the	
  solar	
   longitude,	
  the	
  elongation	
  arrow	
  is	
  now	
  the	
   longitude	
  
arrow	
  and	
  shows	
  the	
  longitude	
  of	
  Mars.	
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The	
  second	
  option	
  consists	
  on	
   introducing	
  a	
  fixed	
  zodiac	
  and	
  setting	
  the	
  whole	
  device	
   in	
  motion	
  
clockwise,	
  rotating	
  one	
  turn	
  per	
  year,	
  as	
  it	
  appears	
  in	
  figure	
  9:	
  

	
  	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure	
  9:	
  The	
  third	
  model	
  for	
  Mars	
  with	
  a	
  fixed	
  zodiac.	
  References	
  are	
  the	
  same	
  as	
  in	
  figures	
  1,	
  3,	
  5	
  and	
  8.	
  The	
  zodiac	
  ring	
  
is	
  now	
  fixed	
  and	
  the	
  whole	
  device	
  (the	
  synodic	
  dials	
  with	
  their	
  pointers)	
  rotates	
  clockwise	
  one	
  turn	
  per	
  year.	
  The	
  arrow	
  
pointing	
  at	
  1	
  o’clock	
  represents	
  the	
  solar	
  longitude	
  pointer	
  and	
  shows	
  the	
  solar	
  longitude,	
  while	
  the	
  arrow	
  pointing	
  at	
  9	
  
o’clock	
  represents	
  the	
  longitude	
  pointer	
  of	
  Mars	
  and	
  shows	
  the	
  longitude	
  of	
  Mars.	
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Longitude	
  pointers	
  (previously	
  called	
  elongation	
  pointers)	
  of	
  all	
  five	
  planets	
  could	
  be	
  placed	
  in	
  one	
  
and	
   the	
   same	
   zodiac	
   ring,	
   by	
  making	
   point	
   B	
   of	
   each	
   planet	
   to	
   be	
   at	
   the	
   center	
   of	
   zodiac	
   dial,	
  
scaling	
   the	
   synodic	
   dials.	
   Figure	
   10,	
   for	
   example,	
   presents	
   the	
   scaled	
   synodic	
   dial	
   of	
  Mars	
   and	
  
Venus	
   so	
   that	
   both	
   fit	
   in	
   the	
   same	
   distance	
   BD.	
   (Strictly	
   speaking,	
   it	
   is	
   only	
   necessary	
   that	
   all	
  
pointers	
  have	
  the	
  same	
  center,	
  B,	
  but	
  not	
  for	
  synodic	
  dials	
  to	
  have	
  the	
  same	
  center,	
  D;	
  I	
  will	
  soon	
  
show	
  the	
  advantage	
  of	
  introducing	
  this	
  additional	
  constraint).	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure	
  10:	
  a	
  third	
  model	
  combing	
  one	
  outer	
  planet	
  (Mars)	
  and	
  one	
  inner	
  planet	
  (Venus).	
  References	
  are	
  the	
  same	
  as	
  in	
  
previous	
  figures.	
  The	
  smaller	
  circle	
  centered	
  at	
  D	
  represents	
  the	
  synodic	
  dial	
  of	
  Venus,	
  while	
  the	
  bigger	
  one	
  that	
  of	
  Mars.	
  
The	
  zodiac	
  ring	
  is	
  now	
  fixed	
  and	
  the	
  whole	
  device	
  (the	
  synodic	
  dials	
  with	
  their	
  pointers)	
  rotates	
  clockwise	
  one	
  turn	
  per	
  
year.	
  The	
  arrow	
  pointing	
  at	
  1	
  o’clock	
  represents	
  the	
  solar	
  longitude	
  pointer	
  and	
  shows	
  the	
  solar	
  longitude,	
  while	
  the	
  
arrow	
  pointing	
  at	
  9	
  o’clock	
  represents	
  Mars’	
  longitude	
  pointer	
  and	
  shows	
  the	
  longitude	
  of	
  Mars	
  at	
  one	
  first	
  station;	
  
finally,	
  the	
  arrow	
  pointing	
  at	
  12	
  o’clock	
  represents	
  Venus’	
  longitude	
  pointer	
  and	
  shows	
  the	
  longitude	
  of	
  Venus	
  at	
  its	
  
maximum	
  elongation.	
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This	
  proposal	
   is	
  exactly	
   the	
  same	
  as	
  Evans	
  and	
  myself	
   (2012)	
  as	
  well	
  as	
  Freeth	
  and	
  Jones	
   (2012)	
  
suggested.	
  We	
  all	
  agree	
  that	
  gear	
  B1	
  rotates	
  one	
  turn	
  per	
  year	
  carrying	
  with	
   it	
   the	
  solar	
  pointer	
  
and	
  the	
  pin	
  and	
  slot	
  mechanism	
  for	
  each	
  planet.	
  

Conclusion	
  

I	
  have	
  shown	
  how	
  starting	
  only	
  with	
  the	
  days	
  between	
  the	
  synodic	
  phenomena	
  of	
  each	
  planet,	
  not	
  
being	
  aware	
  of	
  anything	
  regarding	
  the	
  epicycle	
  and	
  deferent	
  model,	
  and	
  with	
  three	
  simple	
  steps,	
  
one	
  can	
  arrive	
  to	
  the	
  pin	
  and	
  slot	
  models	
  for	
  the	
  planets,	
  as	
  Evans	
  and	
  myself,	
  as	
  well	
  as	
  Freeth	
  
and	
  Jones	
  suggested	
  in	
  2012.	
  It	
  is	
  true	
  that	
  I	
  cannot	
  affirm	
  with	
  certainty	
  that	
  these	
  intermediate	
  
steps	
  have	
  been	
  made	
  or	
  even	
  that	
  the	
  maker	
  of	
  the	
  Antikythera	
  Mechanism,	
  or	
  his	
  ancestors,	
  has	
  
followed	
  these	
   logical	
   steps.	
   I	
   can	
  be	
  certain,	
  however,	
   that	
   there	
   is	
  a	
   reasonably	
  simple	
  way	
   to	
  
arrive	
   to	
   the	
   proposed	
   planetary	
  model	
  without	
   reference	
   to	
   the	
   epicycle	
   and	
   deferent	
  model.	
  
Moreover,	
  the	
  small	
  astronomical	
  data	
  necessary	
  to	
  produce	
  these	
  models	
  is	
  impressive:	
  one	
  only	
  
needs	
   to	
   know	
  1)	
   the	
   synodic	
  period	
   in	
  days	
  of	
   the	
  planet,	
   2)	
   the	
   interval	
   in	
  days	
  between	
   two	
  
synodic	
  phenomena,7	
   and	
  3)	
   the	
  elongation	
  of	
   the	
  planet	
   from	
   the	
  Sun	
  at	
  one	
  of	
   these	
   synodic	
  
phenomena	
   (the	
   particular	
   value	
   of	
   the	
   elongation	
   or	
   that	
   it	
   is	
   the	
   maximum	
   one,	
   without	
  
knowing	
   the	
  angle).	
   So,	
   for	
  example,	
   knowing	
   that	
   the	
   synodic	
  period	
  of	
  Venus	
   is	
   594	
  days	
  and	
  
that	
  it	
  arrives	
  at	
  its	
  maximum	
  elongation	
  224	
  days	
  after	
  conjunction,	
  it	
  would	
  be	
  plausible	
  to	
  build	
  
the	
   complete	
   pin	
   and	
   slot	
  model	
   for	
   Venus.	
   In	
   the	
   case	
   of	
  Mars,	
   it	
   is	
   enough	
   to	
   know	
   that	
   its	
  
period	
  is	
  of	
  780	
  days	
  and	
  that	
  the	
  nonagenarii	
  (when	
  the	
  planet	
  is	
  at	
  quadrature	
  with	
  respect	
  to	
  
the	
  Sun),	
  are	
  90	
  days	
  after	
  and	
  before	
  the	
  opposition.	
  

There	
   is	
  much	
  more	
   to	
   say	
   about	
   this	
   particular	
  way	
   to	
   arrive	
   at	
   the	
  pin	
   and	
   slot	
   device	
   of	
   the	
  
Antikythera	
  Mechanism.	
   For	
  example,	
   in	
   following	
   these	
   steps	
  we	
  have	
  arrived	
  at	
   the	
  adequate	
  
proportion	
  of	
  epicycle	
  and	
  deferent	
   radii	
  of	
   the	
  planets	
  and	
  also	
   to	
   their	
   adequate	
  periods	
   (see	
  	
  
figure	
   10).	
   The	
   proportion	
   between	
   distance	
   BD	
   and	
   the	
   radius	
   of	
   the	
   synodic	
   dial	
   of	
   Venus	
   is	
  
exactly	
   the	
  proportion	
  between	
  the	
  radius	
  of	
   its	
  deferent	
  and	
  that	
  of	
   its	
  epicycle.	
   In	
   the	
  case	
  of	
  
Mars,	
  BD	
  represents	
  the	
  radius	
  of	
  the	
  epicycle,	
  while	
  the	
  radius	
  of	
  the	
  synodic	
  dial	
  is	
  the	
  radius	
  of	
  
the	
  deferent.	
  Moreover,	
  because	
  BD	
  needed	
   to	
  be	
   the	
   same	
   for	
  both	
  planets,	
  we	
  have	
  virtually	
  
arrived	
  to	
  a	
  Tychonic	
  model:	
   the	
  Earth	
   is	
  at	
  B,	
   the	
  Sun	
  at	
  D,	
  and	
  Venus	
  and	
  Mars	
   rotate	
  around	
  
their	
  synodic	
  dials,	
  centered	
  at	
  D,	
  the	
  Sun.	
  D,	
  the	
  Sun,	
  rotates	
  around	
  B,	
  the	
  Earth,	
  one	
  turn	
  per	
  
year,	
  carrying	
  with	
  it	
  the	
  orbits	
  of	
  Venus	
  and	
  Mars.	
  However,	
  to	
  argue	
  that	
  the	
  pin	
  and	
  slot	
  device	
  
of	
  the	
  Antikythera	
  Mechanism	
  reflects	
  a	
  Tychonic	
  system	
  is	
  beyond	
  the	
  aims	
  of	
  this	
  contribution.	
  

	
  	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
7	
  The	
  interval	
  between	
  opposition	
  and	
  conjunction	
  for	
  the	
  outer	
  planets	
  –or	
  between	
  both	
  conjunctions	
  for	
  
the	
   inner	
   planets–	
   would	
   not	
   work	
   because	
   it	
   is	
   exactly	
   half	
   a	
   period,	
   and,	
   so,	
   it	
   defines	
   the	
   line	
   of	
  
symmetry.	
  To	
  find	
  B	
  along	
  the	
  line	
  of	
  symmetry	
  it	
  is	
  necessary	
  to	
  know	
  the	
  interval	
  between	
  an	
  opposition	
  
or	
  a	
  conjunction	
  and	
  another	
  synodic	
  phenomenon.	
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