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Early mathematics time-line 

Å2700 ς 1600 BC : Egypt 
Å2000 ς мслл ./ Υ aŜǎƻǇƻǘŀƳƛŀ όΨ.ŀōȅƭƻƴƛŀƴΩύ 

 

Å1100 BC ς AD 1400 :  China 
Å600 BC ς AD 500 :  Greece (three periods) 
Å600 BC ς AD 1200 :  India 
ÅAD 500 ς 1000 : Mayan 

 

ÅAD 750 ς 1400 :  Islamic / Arabic 
ÅAD 1000 ς . . . :  Europe      



I Ching (yijing) (c.1100 BC) 

Number of yin-yang 
hexagrams (chapters) 

= 26 = 64 



The Lo-shu 
diagram 



Greek 
mathematics: 
three periods 

Early:    Thales           600 BC 
 Pythagoras 520 BC 
Athens: Plato 387 BC 
 Aristotle 350 BC 
 Eudoxus 370 BC 
Alexandria / Syracuse: 
 Euclid 250 BC? 
 [Archimedes] 250 BC 
 Apollonius 220 BC 
 Ptolemy AD 150 
 Diophantus AD 250?
 Pappus AD 320 
 Hypatia AD 400 



Map  
of 

Greece 
(300 BC) 



Pythagorean figurate numbers 

triangular  
numbers 
n(n + 1)/2 

1, 3, 6, 10, 15, 21, 
. . . 

 
 

square numbers 
n2 

1, 4, 9, 16, 25, 36  
. . . 

Any square number 
is the sum of  

two consecutive 
triangular numbers 



tƭŀǘƻΩǎ !ŎŀŘŜƳȅ  
(387 BC) 

wŀǇƘŀŜƭΩǎ Ψ{ŎƘƻƻƭ ƻŦ !ǘƘŜƴǎΩ 



tƭŀǘƻΩǎ Timaeus: 
The five regular polyhedra  

όΨtƭŀǘƻƴƛŎ ǎƻƭƛŘǎΩύ 

tetrahedron 
=  fire 

 

cube  
= earth 

 

octahedron  
= air 

 

icosahedron  
= water 

 

dodecahedron 
= cosmos  



Polyhedral dice (astragali) 



Archimedes  
(c.287ς212 BC) 

ÅOn floating bodies 
ÅOn the equilibrium of planes 
ÅOn the measurement of a circle 
ÅThe Method 
ÅOn Spirals 
ÅOn the sphere and cylinder I, II 
ÅQuadrature of the parabola 
ÅOn conoids and spheroids 
ÅThe sand reckoner 
ÅSemi-regular polyhedra 



Archimedean (semi-regular) solids 



Pappus Υ  Ψhƴ ǘƘŜ ǎŀƎŀŎƛǘȅ ƻŦ ōŜŜǎΩ 
(regular tilings)  

(early 4th century AD) 



Semi-regular (Archimedean) tilings 



{ǳǎǊǳǘŀΩǎ treatise (6th century BC) 

Medicines can be sweet, sour, salty,  
pungent, bitter, or astringent.   

Susruta listed: 
6 combinations when taken 1 at a time 
15 combinations when taken 2 at a time  
20 combinations when taken 3 at a time    
15 combinations when taken 4 at a time  
 6 combinations when taken 5 at a time 

          1 combination when taken 6 at a time     
 

Thus:  C(6,1) = 6;  C(6,2) = 15;  C(6,3) = 20; 

C(6,4) = 15;   C(6,5) = 6;   C(6,6) = 1  



Indian combinatorics 

c. 300 BC:  Jainas (Bhagabatisutra): 
combinations of five senses, or of men,  

women and eunuchs 
  

c. 200 BC:  Pingala (Chandrasutra): 
combinations of short/long sounds  

in a metrical poem  (τ ◔ ◔ τ ◔Σ ŜǘŎΦύ 



c. AD 550:  ±ŀǊŀƘŀƳƛƘƛǊŀΩǎ Brhatsamhita  
on perfumes:  choose 4 ingredients from 16 

Number of combinations = C(16, 4) = 1820 



Arrangements: Vishnu 
(from .ƘŀǎƪŀǊŀΩǎ Lilavati, AD 1150) 

Vishnu holds in his four hands 
a discus, a conch, a lotus,      

and a mace:  
the number of arrangements is  

4 × 3 × 2 × 1 = 24 = 4! 

Bhaskara gave general rules for n!, C(n, k), etc: 
The number of combinations  
of k objects selected from  

a set of n objects is  



.ƘŀǎƪŀǊŀΩǎ permutations: Sambhu 

How many are the variations of form of  
the god Sambhu by the exchange of his ten 

attributes held in his ten hands:  
the ǊƻǇŜΣ ǘƘŜ ŜƭŜǇƘŀƴǘΩǎ ƘƻƻƪΣ ǘƘŜ ǎŜǊǇŜƴǘΣ 

the tabor, the skull, the trident,  
the bedstead, the dagger, the arrow  

and the bow? 
 

Statement: number of places: 10 
The variations of form are found to be  

(10! =)  3,628,800  



Permutations and combinations 

Four types of selection problem: choose r objects from n objects: 
 

1. Selections ordered, repetition allowed: 
  number of ways is  n × n × . . . × n = nr 

 

2. Selections ordered, no repetition allowed (permutation): 
  number of ways is  
   P(n, r) = n × (n ς 1) × . . . × (n ς r + 1) = n! / (n ς r)! 
 
3.  Selections unordered, no repetition allowed (combination): 
  number of ways is  C(n, r) = P(n, r) / r! = n! / r! (n ς r)! 
 
4.  Selections unordered, repetition allowed: 
  number of ways is  C(n + r ς 1, r) = (n + r ς 1)! / (n ς 1)! r! 



The Hindu 
ς Arabic 
numerals 



Influences on Baghdad 

Baghdad was on the trade routes between  
the West (the Greek world) and the East (India) 



Al-Khwarizmi (c.783ςc.850) 

ÅArithmetic text 
 

ÅAlgorithmi de numero 
Indorum 

 Ψ5ƛȄƛǘ AlgorismiΩ 
 

ÅAlgebra text  
 Kitab al-jabr ǿΩŀƭ-muqabalah 
 Ludus algebrae  
 et almucgrabalaeque 



Al-Biruni on the 
combinatorics of 
Sanskrit metres 

(11th century) 

There are 8 possible  
three-syllable metres, 
where each symbol is 

either heavy (<) or light (|) 



Arithmetical triangles of Al-Karaji (1007) 
and Nasir ad-Din at-Tusi (c.1240) 



Arithmetical 
triangle of  
Ibn Munim 
(c. AD 1200) 



Zhu Shijie (1303): 
Sijuan yujian 
(Precious mirror  

of the four elements) 



From Baghdad to Europe 



Southern 
Spain 

(Córdoba) 



Arabic tiling (Alhambra) 


