






Principal Anomalies (Inequalities) in Observed Motions 
 

 
Sun 
 
  1.  Sun moves faster along parts of the zodiac and slower along others, 

resulting in 94!  days from vernal equinox to summer solstice and 
92!  days from summer solstice to autumnal equinox. 

 
 (1a.  The length of a solar day (from one noon to the next) deviates from 

mean solar time by as much as 16 minutes over the course of a year.) 
 
Moon 
 
   1. Moon moves faster along parts of its orbit around the Earth and 

slower along others, with a maximum at perigee and a minimum at 
apogee. 

 
   2. The line of apsides (between apogee and perigee) advances 3 deg per 

revolution on average and the line of nodes (along which the plane of 
the lunar orbit intersects the plane of the ecliptic) regresses around 
1!  deg per revolution on average, or 18 years for a complete circuit. 

 
Planets 
 
   1. Like the Sun, each planet moves faster along parts of the zodiac and 

slower along other parts; the angular velocity of Mars, for example, 
appears to be 40 percent faster when it is in Capricorn than when on 
the opposite side in Cancer, and the pattern repeats every 687 days. 

 
  2.  Periodically, each planet comes to a halt and then moves retrograde, 

from east to west, for a few days before coming to a halt again and 
then resuming motion from west to east; in the case of Mars, for 
example, this occurs every roughly 780 days. 

  















The Homocentric Spheres of Eudoxus (408-355 B.C.) 
 

 
Eudoxus supposed that the motion of the sun or of the moon 
involves, in either case, three spheres, of which the first is the 
sphere of the fixed stars, the second moves in in the circle which 
runs along the middle of the zodiac, and the third in the circle 
which is inclined across the middle of the zodiac; but the circle in 
which the moon moves is inclined at a greater angle than that in 
which the sun moves.  And the motion of the planets involves, in 
each case, four spheres, and of these also the first and second are 
the same as the first two mentioned above (for the sphere of the 
fixed stars is that which moves all the other spheres, and that 
which is placed beneath this and has its movement in the circle 
which bisects the zodiac in common to all), but the poles of the 
third sphere are in the circle which bisects the zodiac, and the 
motion of the fourth sphere is in the circle which is inclined at an 
angle to the equator of the third sphere; and the poles of the third 
sphere are different for the other planets, but those of Venus and 
Mercury the same. 
 

Callipus  …. 
 

But it is necessary, if all the spheres combined are to explain the 
phenomena, that for each of the planets there should be other 
spheres (one fewer than those hitherto assigned) which counteract 
those already mentioned and bring back to the same position the 
first sphere of the star which in each case is situated below the star 
in question; for only then can all the forces at work produce the 
motion of the planets.  Since, then, the spheres by which the planets 
themselves are moved are eight and twenty-five, and of these only 
those by which the lowest-situated planet is moved need not be 
counteracted, the spheres which counteract those of the first two 
planets will be six in number, and the spheres which counteract 
those of the next four planets will be sixteen, and the number of all 
the spheres – those which move the planets and those which coun-
teract these – will be fifty-five. 
 

Aristotle, Metaphysics, Lambda, 1073b-1074a 
  



Aristotle’s  Conclusions  in  On the Heavens 
 

 
¾ The celestial realm is filled with aetherial matter that is different 

in its nature from the four elements of the sublunary realm 
 

¾ While the natural motion of the four elements is toward the 
center of the Earth, the natural motion of celestial aetherial 
matter is circular 

 
¾ Celestial circular motion is uniform, and hence self-sustaining 

and eternal 
 
¾ The Earth is at the exact center of the celestial realm, where it 

remains entirely motionless 
 
¾ The Earth is spherical and quite small compared with the sphere 

of the fixed stars 
 
“Of  many  such  problems  one  of  the  strangest  is  the  problem  why  we  
find the greatest number of movements in the intermediate bodies, 
and not, rather, in each successive body a variety of movement 
proportionate  to  its  distance  from  the  primary  motion…. 
 

A second difficulty which may with equal justice be raised is this.  
Why is it that the primary motion includes such a multitude of stars 
that their whole array seems to defy counting, while of the other 
stars each one is separated off, and in no case do we find two or 
more  attached  to  the  same  motion.”   
 

De Caelo, 12, 291b-292a  
  



 
 
 

Eudoxus of Cnidus (408-355 B.C.) 
 
 
Aristotle (of Macedonia) (384-322 B.C.) 
 
 
 
 
Euclid (in Alexandria during the period 323-283 B.C.) 
 
 
Archimedes (of Syracuse) (287-212 B.C.) 
 
 
Apollonius of Perga (ca. 262-ca. 190 B. C.) 
 
 
Hipparchus of Nicea (ca. 190-120 B.C.) 
 
 
 
 
Claudius  Ptolemy (in Alexandria around 150 A.D.) 

  









Otto  Neugebauer’s  Tri-Partite Division of the 
History of Orbital Astronomy 

 
 
 
 

¾ Before Ptolemy’s  Almagest 

 

¾ From  Ptolemy’s  Almagest to  Newton’s  Principia 

 
 

¾ After  Newton’s  Principia 
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Ptolemy on the “Bisection  of  Eccentricity” 
 

                                    
 

“But since it is not clear whether the uniform motion of the epicycle takes 
place about point D, here too we took two greatest elongations one as 
evening-star [481/3¼] and the other as morning-star [437/12¼] in each of 
which  the  mean  motion  of  the  sun  was  a  quadrant  from  the  apogee….  
Therefore, where BE=60;3 and the radius of the epicycle is 43;10, BD| 2½  
But we showed that the distance between B, the center of the ecliptic, and 
the center of the eccenter on which the epicycle is always carried, is 1¼ in 
the same units; thus it is half BD.” [p. H303] 
 
“For  the  other  three,  Mars,  Jupiter,  and  Saturn,  the  hypothesis  which  we  
find for the motion is the same and like that established for Venus, namely 
one in which the eccenter on which the epicycle center is always carried, is 
described on a center which is the point bisecting the line joining the 
center of the ecliptic and the point about which the epicycle has its uni-
form motion; for in the case of each of these planets too, using rough 
estimation, the eccentricity turns out to be about twice that derived from 
the size of the retrograde arcs at greatest and least distances of the epi-
cycle.  However, the demonstrations by which we calculate the amounts of 
both anomalies and the apogees cannot proceed along the same lines for 
these planets as for the previous two, since these reach every possible 
elongation from the sun, and it is not possible, as it was for the greatest 
elongations for Mercury and Venus, when the planet is at the point where 
our line of sight is tangent to the epicycle.  So, since that approach is not 
available, we have used observations of their oppositions to the mean posi-
tion of the sun to demonstrate, first of all, the ratios of their eccentricities 
and [the positions of] their apogees.  For only in such positions [of the 
planets] do we find the ecliptic anomaly isolated, with no effect from the 
anomaly  related  to  the  sun.”  [p. H316] 















Elements of Ptolemaic Planetary Longitudes 

Eccentricity, e 

Ratio of epicycle-to-deferent radii, r/R 

Angular location of line of apsides along zodiac 

Sidereal period, or mean motion (deg/day) 

Synodic period, or mean motion (deg/day) 

Location on epicycle at an epochal time 

Location of epicycle on deferent at epochal time 

 

Shortcomings of Ptolemaic Astronomy 

Shortcomings expressly identified by Islamic astronomers 

Moon approaches Earth far closer than apparent diameters imply 

Precession of equinoxes slower than observed (cumulative error) 

Not uniform circular motion along  deferent  (“philosophic”  concern) 

Earth  not  at  the  center  of  planetary  system  (“philosophic”  concern) 

Account  of  latitudes  not  physically  realizable  (“philosophic”  concern) 

Shortcomings not emphasized in the literature before the Renaissance 

Errors in  longitude and latitude ! 2 Moon diameters (non-cumulative) 

No  solution  for  distances  of  planets  from  Earth  (“philosophic”  concern) 

No  constraints  from  one  planet  orbit  on  any  other  (“philosophic”  concern)   

Centers of deferents do not coincide with one another (“philosophic”  concern)   

  



 
 
 
 
 
 

If Ptolemaic science was not such bad science by 

modern standards, then what, if anything, is it 

about our current science that assures us that 

large parts of it are not going to be rejected as 

fundamentally wrong �± and even ridiculed �± in 

the future in just the manner that happened with 

Ptolemaic science? 

 


