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A regular polyhedron  is a convex polyhedron such that all faces are regular 
polygons and all are identical = “most symmetric” polyhedrons 

The following is attributed to Theaetetus (415—369 B.C)

Regular polyhedron



At each vertex at least 3 faces meet

When we add up the internal angles that meet 
at a vertex, it must be less than 360 degrees

A regular n-gon has internal angle 180-360/n, which 
is bigger than 120 if n>5, hence get n=3,4,5.

Floruit 300 BC

Statue in Oxford



V =# of vertex,  E = # of edges,  F = # of faces

Euler’s Formula:          V – E + F = 2

Assume each face is a regular n-gon, and each vertex is shared by m faces.

Two ways to count # of edges: 2E = nF,    2 E = mV 

This gives  1/m + 1/n = 1/2 + 1/E, which has only 5 possibilities: 

Leonhard Euler
15/04/1707 – 18/09/1783





Augustin-Louis Cauchy
(21/08/1789 – 23/05/1857)



IcosahedronDodecahedronOctahedron





Fire             Air            Water            Earth

428/427 or 424/423 – 348/347 BC

天有五行，水火金
木土，分时化育，
以成万物。其神谓
之五帝

Type 1 Type 2

Chemical Action: 1 water + 1 fire = 3 air 

Plato’s Theory of Everything: Timaeus



Johannes Kepler
(27/12/1571 – 15/11/1630)

Kepler's Platonic solid model of the Solar 

system from Mysterium Cosmographicum



The proper rotations, (order-3 rotation on a vertex and face, 
and order-2 on two edges) and reflection plane (through two 
faces and one edge) in the symmetry group of the regular 
tetrahedron





•The tetrahedron is self-dual.
•The cube and the octahedron form a dual pair.
•The dodecahedron and the icosahedron form 
a dual pair.
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Christian Felix Klein
(25/04/1849 – 22/06/1925)













Wilhelm Karl Joseph Killing
(10/05/1847 – 11/02/1923)

Élie Joseph Cartan

(09/04/1869 – 06/05/1951



Eugene Borisovich Dynkin
(11/05/1924 – 14/11/2014)

McKay graphes are exactly affine Dynkin diagram of type ADE!
What’s the relation of them with Lie algebras?















Mckay Correspondence



How to realize this correspondence geometrically?

Representation Geometry















The method only works for dim. 3. No similar results in higher dimension. 











McKay graphes are exactly affine Dynkin diagram of type ADE!
What’s the relation of them with Lie algebras?



For classical types Nilpotent orbits = Conjugacy classes of nilpotent matrices

They are classified by sizes of Jordan blocks, i.e. partition of numbers











Its dual graph is:

Dynkin diagram again!



Egbert Valentin Brieskorn
(7/07/1936–11/07/2013)





Peter Slodowy
(12/10/1948-19/11/2002)











I have discovered a truly marvelous picture of 
this, which this margin is too narrow to contain.

Pierre de Fermat
(17/08/1601-12/01/1665)



Tonny Albert Springer
(13/02/1926 – 7/12/2011)









Need Borel-Moore (co)homology
































