
Origins of Spacetime
Lecture 1

1. Aim of course.

2. Texts.

3. Requirements; deadlines, exams.

4. Schedule of classes.

5. Lecture:

a) Origins of spacetime, cosmogony

b) Ancient Greek cosmology and the origins of 
science
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•	  first	  prose	  wri+ng	  on	  the	  origins	  of	  the	  cosmos;

•	  specula+ons	  about	  the	  origins	  of	  man:	  argued	  for	  	  
kind	  of	  evolu+on	  from	  more	  primi+ve	  types,	  those	  that	  
could	  not	  reproduce	  being	  eliminated;

•	  made	  the	  first	  map	  of	  the	  known	  world;

•	  conceived	  the	  Earth	  as	  a	  bulging	  disc	  atop	  a	  cylinder,	  
with	  the	  heavenly	  bodies	  doing	  a	  daily	  rota+on	  and	  
also	  an	  annual	  rota+on	  centred	  on	  the	  pole	  star;

•	  gave	  propor+ons	  for	  the	  radii	  of	  rota+on	  of	  the	  
heavenly	  bodies—Sun,	  Moon,	  the	  5	  known	  planets,	  
and	  the	  sphere	  of	  fixed	  stars;

•	  cosmos	  at	  rest	  in	  an	  infinite	  universe	  (to	  apeiron).	  
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Anaximander	  (c.	  610-‐546	  BC)



•	  “the	  principles	  of	  mathema+cs	  are	  the	  principles	  of	  
things”;	  theory,	  theorem,	  symmetry,	  etc.

•	  origins	  of	  musical	  theory:	  octave,	  fourth,	  fiOh,	  etc.	  
ra+os	  of	  string	  length;√

•	  Pythagorean	  numbers,	  Pythagorean	  theorem;

•	  discovery	  of	  the	  irra+onality	  of	  √2;
•	  “harmony	  of	  the	  spheres”;

•	  the	  Earth	  is	  spherical,
•	  and	  is	  in	  mo+on	  around	  the	  “central	  fire”.	  
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Pythagoras	  (c.	  570-‐495	  BC)	  and	  his	  followers



• building on the ideas of his older contemporary 
Leucippus, Democritus proposed that everything is made of 
atoms, literally “uncuttable things”, which move in the void 
(literally, the “nothing”);

• there are innumerable worlds, and our cosmos is just one 
of them;

• they are formed in “whirls” or vortices, like eddies in a 
stream;

• there is no beginning or ending of things, just the incessant 
motions of atoms, and their clumpig together and 
dissolution.
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Democritus	  (460-‐370)



•The Timaeus: “There is that which is always real and has no 
becoming, and that which is always becoming and never 
real.”

•“Time is the moving image of eternity”, and only comes 
into being with the creation of the cosmos—the revolutions 
of the heavenly spheres, with their accompanying times 
(years, months, days, etc.)

• Plato emphasized geometry as the royal road to learning, 
and set it as the task of future astronomers to “save the 
phenomena” by a combination of circular motions. 

•Eudoxus was one of his famous pupils who did just that, 
with a system of nested spheres.
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Plato	  (427-‐348)



• Aristotle followed Empedocles and tradition in identifying 
four elements: earth, water, fire and air.

• These exemplify the opposites: cold and hot, wet and dry.

• Things that are predominantly made of earth and water are 
heavy, and their natural motion is towards the centre of the 
universe; things that are predominantly composed of fire and 
air are light, and their natural motion is upwards, away from 
the centre.

• This explains why the Earth is spherical, what gravity is, 
why the Earth is at the centre of the universe, and why the 
stars (made of plasma) are in the outermost sphere.

• Aristotle gave a realistic interpretation to Eudoxus’s nested 
spheres.

6

Aristotle	  (384-‐322)



• had the Earth rotate on its axis instead of around the 
“central fire”;

• made the Sun the centre of the annual motions of the 
Earth, planets and fixed stars;

• set the planets in correct order of distances from the Sun;

• proposed that the sphere of fixed stars is at a vast distance 
from the Sun (thus explaining the lack of parallax);

• argued that since the Sun and Moon have roughly the same 
apparent angular size, their distances from Earth must be in 
the same ratio as their true sizes;

• gave estimate of the length of the month (to 1 part in ten 
million), and explained the precession of the equinoxes as 
the difference between sidereal year and the civil year.
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Aristarchus	  (310	  BC	  –	  ca.	  230	  BC)


