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Cosmology: A Cosm ic Perspect ive     
 
 

Chapter 3:  Losing Faith 
 
In the history of cosmological thought , t he ear ly Greeks were anomalies because of t heir  
formu lat ion  of understanding of the natu ral Wor ld carefu l ly based solely on  a priori pr inciples 
produced by im aginat ion  and reason .  This approach  extended up to Plato and his geomet r ical  
foundat ion for  m ak ing sense of celest ial m ot ion by incorporat ing not ions of t he per fect ion  of 
spheres, u niform  cir cu lar  mot ion  and obvious necessit y for  geocent r icity.  However , in a few br ief 
years there was a t ransit ion  from the cerebral m etaphysics of Plato.  This change spanned the 
revisions and modificat ions of Eu doxus, the em pir ical adju stm ents of Cal lipus and cu lminat ing in 
the insist ence of Ar istot le that  the model not  only be evaluated by it s abi lit y to su rvive direct  
con front  wi th  the observed facts (a view not  necessar ily character ist ic of h is approach to other  
problems in natu ral ph ilosophy), bu t  also that  it  be formu lated in a manner t hat  is mot ivated 
those fact s.  Th rou gh  th is awareness of ast ronom ical data som e fundam ental concerns began to 
be raised:  Are the spheres real ly concent r ic?  Is t he basic mot ion  real ly un iform ?  The exist ing 
schemes did not  account  for  two well-observed facts: 

1. The changing size of the moon  throughou t  it s orbi t  and the possibly related change in 
br ightness of t he planet s that  was correlated with  their  ret rograde mot ion . 

2. The m ot ions of the su n and moon  were decidedly non-u niform .  For  the su n, the interval 
from wi nter  solst ice to vernal equ inox being several days short er  t han  that  from summ er 
solst ice to au tum nal equ inox.  Exist ing models cou ld not  accou nt  for  th is var iat ion. 

The fir st  assau lt  on th is problem was a major  t inker ing with t he model by Heraclides of Pontus, a 
contem porary of Ar istot le.  His conclusions were two-fold: 

1. Because Mercury and Venu s are always found to be close to t he sun , they shou ld be 
considered to orbit  that  body and not  t he ear th. 

2. Instead of spinn ing the celest ial  spheres to give t he rapid east -west  mot ion of stars, 
planets, moon, and sun across the sky, the same illusion of m ot ion wou ld resu lt  if the 
ear th  were spinn ing Ñ  bu t  t he cau se wou ld be "m uch less violent ."  

 
Almost  a centu ry lat er  the ideas of Heraclides were carr ied past  the point  of t inker ing by 
Ar istarchus of Sam os (310-230 B.C.) wh o suggested a m ajor  overhau l:  in addit ion  to t he daily 
wester ly mot ion of sun , m oon , and stars, the annual m ot ion of t he sun against  the backgrou nd of 
stars is also an il lu sion .  So, in addit ion  to Mercu ry and Venus, Ar istarchus sim ply pu t  t he ear th 
in an annual orbit  abou t  the su n.  Fu r therm ore, since these t hree planet s were "at tached" to the 
su n why not  the remain ing bodies:  Mars, Ju piter , Satu rn  and even t he sphere of stars.  With t he 
moon  st il l orbit ing the ear th  he com pleted h is heliocent r ic model of the cosmos that  wou ld becom e 
food for  t hou ght  du r ing the Renaissance.  From a su bject ive point  of view geocent r ism  is so 
st rongly su ggested by the mot ions of the m oon, sun and stars that  it  seem s beyond qu est ion .  By 
ignor ing the obviou s (bu t  mak ing an except ion  of the m oon) and placing t he sun as the hu b of the 
planetary mot ion , Ar istarchus chose a very special con figu rat ion from many possible 
com binat ions.  Perhaps he was aware of al l the advantages of su ch a choice.  We have none of h is 
wr it ings, only very br ief, second-hand accounts from which  we know only that  he did seek  to 
explain  the changing br ightness of the planets wi t h th is thorou gh ly counter -intu it ive model.   
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Fi g. 3a. M odel  of  Heracl i des    Fi g. 3b. M odel  of  Ar i st arch us 
 
 
Clear ly, it  was, from our viewpoint , a bold, br il l iant , bu t  apparent ly isolated idea.  Why did it  fai l? 

1. Knowledge advances wh en a fu ndamental insight  becomes com mon sense.  For  h is 
contem porar ies t he validity of t hese ideas was hardly self-evident , and it  appears that  
Ar istarchus did not  champion his ideas, nor  develop t hem in su fficient  fu l lness t o show 
the im pressive range of observat ional detail t hat  t hey cou ld explain . 

2. It  did not  reply to t he qu est ions that  needed answers at  t hat  t im e:  the changing size of the 
moon , or  the unequal length of the seasons. 

3. There were a host  of dynam ical arguments against  a moving ear th: 

If the Earth shared a common motion along w ith all other massive bodies, it w ould 
soon leave them behind--traveling faster on account of its greater size-so that animals 
and other heavy bodies w ould be left w ith no more visible means of support than the 
atmosphere; and before long the Earth w ould even disappear out of sight.  These 
consequences are too ridiculous even to imagine.  And w ith regard to a spinning earth: 
Neither clouds, nor projectiles, nor f ly ing animals, w ould ever appear to be moving 
Eastw ards; since the Earth w ould alw ays travel faster in that direction then they  did, 
and w ould outstrip them by its ow n Eastw ard movement.  The result w ould be that all 
other bodies w ould seem to be falling back tow ards the West.   

4. There were ser ious reservat ions abou t  the size of t he Cosm os as implied by Ar istarchus's 
model.  If t he ear th moved abou t  t he sun t hat  is at  rest  relat ive to the fixed stars, then t hat  
annual mot ion relat ive to the stars shou ld be observed as a change in  br ightness 
cor responding to the var iat ion in  distance-and none was observed.  Amore sophist icated 
object ion was based on  the lack  of annual mot ion  of nearer  stars against  the backgrou nd 
of distant  stars, a phenom ena now known  as stel lar  parallax.  Th is perspect ive effect  is 
sim ilar  to the apparent  looping mot ion of paths of the planet s refer red to ear lier  as 
ret rograde m ot ion.   
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Fi g. 3c.  St el lar  paral lax i s si m pl y  an  apparen t  sh i f t  i n  
posi t i on  of  a nearby  st ar  rel at i ve t o di st an t  st ars.  The 
per spect i ve ar i ses f r om t he ann ual  m ot i on  of  t he ear t h  about  
t he sun . 
 
 
 
Ar istarchusÕs contemporar ies may have reasoned that  if th is 
model were correct , the fact  t hat  stellar  parallax was not  observed 
implied t hat  even  the nearer  stars wou ld have to be ext remely 
remote.  The Greeks were prepared to accept  a large, bu t  fin ite 
cosmos, bu t  with Ar istarchu s it  wou ld have to be incredibly large.  
As Arch imedes comm ents in  the Sand Reckoner:  

ÒAs you know , the name "cosmos" is given by  most astronomers to 
the sphere w hose center is the Earth, and w hose radius is equal to 
the distance betw een the centers of the Earth and the Sun; this you 
have seen in the treatises w ritten by  astronomers.  But Aristarchus 
of Samos published a book  of speculations, in w hich the initial 
assumptions led to the conclusion that the World of the stars is very 
much larger than w hat is now  called the cosmos.  He supposed that 
the f ixed stars and the Sun are stationary, that the Earth travels 
round the Sun along the circumference of a circle...and that the 
sphere of the fixed stars is so vast in extent that-by comparison the 
supposed circular orbit of the Earth is, in effect, no larger than the 
central point of a sphere compared w ith its surface.Ó 

Ar istarchus' contem porar ies apparent ly decl ined t o accept  the 
incredible.  His model may have been just  a hunch and was 
t reated as such.  Clear ly it  wou ld have been less t hat  fu lly 
rat ional for  them to accept  su ch  a specu lat ive view given the 
context  of ideas and observat ions available at  that  t ime.  However 
it  is di fficu lt  to defend the pu blic react ion against  Ar istarchus Ñ

he was charged wi th  im piet y for  su ch  ideas and forced to flee the cou nt ry.  How mu ch had 
at t itudes changed since t he t im e of Anaxagoras?    
 
The revolu t ionary ideas of Heracl ides and Ar istarchu s are a refresh ing diversion for  u s, bu t  these 
not ions, wh ich presumably retained concent r icit y and u niform  cir cu lar  mot ion, did not  resolve t he 
major  issu es of the t im e:  the changing size of the moon and the non-u niform mot ion of moon and 
su n.  Fu r therm ore, difficu lt ies were being com pou nded.  The eastern conqu ests of t he 
Macedon ianÕs were responsible for  an in flux of vast  quant it ies of ast ronomical observat ions from 
Mesopotam ia Ñ  data that  showed how painfu lly inadequate the model of Ar istot le-Eu doxus-
Cal lipus real ly was.  These same conqu ests brou ght  Hel lenist ic Greece u nder increasing influ ence 
of Or iental and Egypt ian m yst icism. 
 
The com bined im pact  of these broadening hor izons was to cau se 2nd Centu ry (BCE) natu ral  
ph ilosophers to begin  to dou bt  the value of fu ndamental pr inciples u pon  which  one cou ld bu i ld an  
understanding of t he natu ral wor ld.  The proud, classical Greek intel lectual enterpr ise had fu l ly 
col lapsed 300 years later  as we can see in  the legendary ast ronom er PtolemyÕs wr it ings: 

.... physics w ould have to be expounded in a speculative rather than a scientific manner; 
because the material things w hich are its concern are so unstable and difficult to fathom that 
one can never hope to get philosophers to agree about them.  The systematic study  of 
mathematical theory  alone can y ield its practitioners solid conclusions, free of doubt.  This, 
then, w as the sort of theory  w e decided w e should study, concentrating on its application to 
things of a divine and a celestial k ind.   Clau diu s Ptolem eu s (2nd centu ry CE) 
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In spite of the influ ence of Ar istot le, rat ional cosm ology, the cosmology of cause and effect , was 
largely abandoned by t he t im e of Ptolem y.   The goal of cosmology had been redefined, ret racted to 
su rer  grou nd.  His effor t  was to represent  on ly mathemat ically t he celest ial m ot ions, br inging new 
mean ing to the Greek phrase we t ranslate as "saving t he appearances".   
 
Fi g. 3d. 

 
Th is loss in  faith of t he eventual t r ium ph of 
rat ionalt y had smal l beginnings centu r ies ear l ier .   
Apollon iu s of Perga set  h imself a vagu ely heret ical  
task  back  in the 3rd centu ry (BCE):  how can one 
take the familiar  dual geom etr ical  gu idel ines of 
Plato and bend, shape, even  st ret ch t hem i f 
necessary, t o provide a bet t er  quant itat ive 
descr ipt ion of planetary mot ion .  Par t  of the key t o 
su ccess was t he epicyclic const ru ct ion il lu st rated 
in Fig. 3d.  By having each planet  m ove along it s 
own  secondary cir cle (the epicycle) whose center , 
point  c in  the diagram, m oves along a gu iding 
cir cle concent r ic with t he ear th (the deferent ), all  
k inds of possibil it ies emerged.  Ret rograde mot ion  
is a natu ral ou tcome and necessar i ly involves 
changing distances between ear th  and planet s.  
Fu r t hermore, when used clever ly the non-un iform  
mot ion of the m oon and sun  can be reproduced.  
Apollon iu s had set  t he stage for  change. 

 
Epicycles answered som e of the qu est ions of t he day when pu t  to work  by t he great  ast ronomer 
Hipparchu s (~100 BCE).  They were m uch later  extended and embell ished by Clau de Ptolem y to 
provide a su rpr isingly precise representat ion of the mot ion of all the planets plu s su n and moon .  
Th is was another  great  t r ium ph of geom etry, wh ich Ptolem y also considered t he noblest  
accom plishm ent  of t he Greek m ind.  Bu t  u nl ike t he schem e of Ar istot le, there was no dem and for  
economy or  un ity.  There was not  one m echanism , nor  even one k ind of m echan ism.  The var iou s 
elem ents u sed by Ptolemy (equants, epicycles, and eccent r ics) were em ployed in  a di fferent  way for  
each planet ; t he overr iding concern was for  precision .  Each planet  was t herefore t reated as an 

independent  problem , exploit ing the 
available geom etr ical schemes t o opt imize 
agreem ent  between  model and data, and 
thus the abi lit y to predict accurately the 
posit ions of bodies.  There was no concern to 
find t he cau se of mot ion , to expose t he 
under lying fabr ic of the heavens. 
 
 
 
Fi g. 3e.  Th e epi cycles of  Pt ol em y. 
Th i s const ruct i on  i s con si derabl y  mo re 
comp l ex t han  t h at  of  Appol l on i us.  The 
epi cycle m oves abou t  t he deferen t , wh i ch  
i s a ci r cle n ot  cen t ered on  t he ear t h .  
Fur t h erm or e, un i form,  ci r cular  m ot i on  of  
t he epi cycl i c cen t er  i s execu t ed about  
st i l l  a t h i r d poi n t , t he equan t . 
Su ccess was ach ieved by synthesizing a 
representat ion of the observat ions, bu t  there 
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was no interest  to reveal the natu re of t he cosm ic mechanism.  We are half way back  to Babylon!  
Not  on ly was there a well-developed dist ru st  of rat ionalism , bu t  a breakdown in t he dist inct ion  
between cau se and effect  on  one hand and magic on the other .  Ptolem y speaks t o th is situat ion  
direct ly:   
 

Suppose, then, a man know s accurately  the movement of all the stars, the Sun and the Moon, 
and overlooks neither the place nor the time of any  of their conjunctions... and from these 
data is able to w ork  out, both by calculation and by  successful conjecture, the distinctive 
effects w hich w ill result from the combined operation of all these factors:  w hat is to prevent 
him from telling how  the atmosphere w ill be affected by  the interaction of these phenomena 
on any particular occasion--e.g. that it w ill be w armer, or w etter?  Why  should he not, in the 
same w ay, by considering the nature of the astronomical environment at the time of his birth, 
w ork out for any individual man the general character that his temperament w ill have, for 
example, that he w ill have such-and-such bodily  or mental characteristics? 
 
 
 

 
 
Fi g. 3f .  A 
si m pl i f i ed, 
pi ct or i al  
represen t at i on  of  
Pt olem yÕs 
geocen t r i c m odel  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
If Ptolem y's model does not  at tem pt  to explain how the Cosmos "works" (by his own  admission ), so 
wh at  good is it?  His answer is clear  and confiden t  Ñ  it  has a h igher pu rpose, to predict human 
destiny.  Ptolemy's Alm agest , h is great  summary of the observat ions and theor ies of Greek 
ast ronom y, inclu ding h is work, was only a compilat ion  of fu ndam ental m ethods and data for  a 
greater , h igher task.  The key work was another  work  of Ptolem y, The Tetrabiblos, the sou rcebook 
of ast rological m ethodology.  Ptolem y and his contem porar ies were not  dr iven by a t h irst  for  a 
rat ional (scient i fic) u nderstanding of the cosm os, bu t  t he prom ise of pract ical knowl edge of the 
fate await ing individuals.    
 
By the 2nd Centu ry CE, ast rology stood at  t he center  of pu bl ic interest -t he mot ion  of heavenly 
bodies cou ld be precisely calcu lated in  advance.  Un l ike the ancient s, t he Alexandr ian  scholars 
were im pressed by the regu lar it y of the Cosm os, not  its apparent  vital ity.  The configu rat ion of 
planets and stars were considered as m yst ical causes, not  signs.  Bu t  as wi t h the ancient s there 
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was st il l a st rong sense of resonance between the heavens and ear th , and who knew to what  level 
the correspondence might  extend? 
 
Apparent ly, the cosm ological quest  had degenerated to a study of wh at  modern  science wou ld 
consider  an  aberrat ion  of human m entality.  Why even discuss t h is h istor ical  episode?  
Histor ically, we need to appreciate t hat  th is magical view of ou r  relat ion to the natu ral Wor ld was 
to profoundly influence cosm ological t hou ght  well  in  to the 18th  Centu ry, and perhaps beyond.   
 
Not  on ly had rat ionality evaporated and ast rological belief becom e a major  intellectual cu rrent , 
bu t  also t here were addit ional dark (bu t  fru it fu l) aspects of the developing m edieval m entality Ñ  
the prospect  of a shor t cu t  to knowl edge, replacing rat ional inqu ir y.  Perhaps the work ings of the 
heavens cou ld not  be discovered t hrough ordinary  knowledge, bu t  on ly throu gh divine revelat ion 
Ñ  a personal spir itual  connect ion  with the cosm os.  This was the wel lspr ing of occu lt  knowl edge, 
the dream  of the book  of the ancients in wh ich t he t ru ths of the ages, the cosm ic secrets, were set  
down  t o be later  rediscovered by the m yst ically pr ivileged.  The dream  of the pre-Socrat ic Greeks 
was dead Ñ  t he same death knell t olled t he ascendancy of a dist inct ly Western m yst ical t radit ion 
that  persist s in many form s to th is day. 
 


