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Growing into a mathematician
•Born into a Jewish family, eldest of four children. 

•Three brothers, the older two became scientists. Youngest brother was severely handicapped 
and Nöether was to care for him all his life. 

• High School: Noether learnt German, English, and, Arithmetic. Her classmates and teachers 
knew her to be amicable and intelligent. She loved dancing and parties! 

•But, girls in those days, were trained to keep house and she hated to have to learn to cook and 
sew, and to play the piano! 

•Following high school, Noether took examinations that certified her to teach English and 
German in high schools for girls. This was 1900. 

•She announced to her parents she wanted to go to university and study Mathematics.  



Noether's student days
1900-2: Noether obtained permission to attend classes in undergraduate mathematics in 
Erlangen. 

 1903-4: A brief interlude in Gottingen, where she attended lectures by famous German 
mathematicians, including David Hilbert. 

1907: Awarded doctorate in Mathematics for her thesis on Invariant Theory, under the 
supervision of Paul Gordan. 

Mathematical climate: 

Hilbert’s millennium lecture, announcing the greatest mathematical 

challenges of the 20th century. 



Professional life
AGAINST ALL ODDS: Noether was never awarded a university position in her native Germany. 

In 1915, David Hilbert invited Noether to Gottingen. 

Despite Hilbert’s best efforts, the university refused to appoint her. 

Nöether solved two very difficult questions in Mathematical  Physics.  

Noether's fame spread. 

Sadly, it brought her no closer 

to a formal position  in Germany. 

Noether's Theorem 
in Physics



USA: Bryn Mawr College 

Noether remained in Gottingen till 1933. 

The great purge: In 1933, she was asked to leave Gottingen by the Nazis. 

In late 1933, Noether accepted a position in Bryn Mawr, USA. Here, she remained till her sudden 
and premature death in 1935. 



Noether's Mathematics

Noether was known for
 Mathematical originality: beyond comparison.
 Enthusiasm for all things mathematical
 Generosity with Ideas 

Her greatest achievement was to lay the foundations of 
Modern Algebra, through the development of 
Algebraic Invariant Theory and Ideal Theory in Rings. 

She is credited with the fundamentals of Algebraic 
topology. 



Invariants in Mathematics

Euler characteristic: an invariant from Algebraic Topology

Triangle

Sphere

Torus



What is an invariant? 

Formally, an invariant is a property, held by a class of 
mathematical objects, which remains unchanged under the 
influence of transformations of a certain kind. 

Everyday example: our ability to count!

Regardless of how or in what order we count the 
objects, we all arrive at the same size. 

`How many’, invariant 
under permutations. 



Deformations: Teacup = Doughnut



Euler characteristic

 A number, associated to a geometric object, that doesn’t 
change under continuous deformations, including 
bending or stretching. 

 Originally defined for polyhedra. 

FEV 

V = # vertices
E = # edges
F = # faces



Platonic solids: Only five? 

Known to the Greeks! The most symmetric and perfect shapes of all!

Made of regular polygons.  

Can be deformed into the sphere!

Tetrahedron             Cube                Octahedron           Icosahedron              Dodecahedron            



Activity time!

 Record number of faces. 
 Fold along dotted lines. 
 Cut the model, fold away and paste as indicated.

Caveat: precision is of essence. 

 Write out the values for your polyhedron: 
V=……..   E=……… F=……….  

 How many faces are shared by each edge? 
 How many faces are shared by each vertex? 

Could you have used more?



Polyhedron V E F
N=# edges

to each 
face

K=# faces 
at each 
vertex

Tetrahedron 4 6 4 2 3 3

Cube 8 12 6 2 4 3

Octahedron 6 12 8 2 3 4

Dodecahedron 20 30 12 2 5 3

Icosahedron 12 30 20 2 3 5



If N edges surround each face 
and there are F faces, how many 
edges E are there in the 
polyhedron?

If K faces come together at a vertex 
and there are F faces, how many 
vertices V are there in the 
polyhedron? 



What do we find…
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K= 3,4,5
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How many sides…

If you allow yourself more than 6 
sides then you run into trouble!
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How large can N be? Why aren’t there platonic solids with octagons in them? 



N=3,4,5  and K=3,4,5

Polyhedron V E F
N=# edges

to each 
face

K=# faces 
at each 
vertex

Tetrahedron 4 6 4 2 3 3

Cube 8 12 6 2 4 3

Octahedron 6 12 8 2 3 4

Dodecahedron 20 30 12 2 5 3

Icosahedron 12 30 20 2 3 5
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Torus 



Torus vs Sphere
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sphere

torus




The sphere cannot be continuously deformed 
to a sphere without tearing or cutting. 



Women mathematicians today

Maryam Mirzakhani 

Fields medallist 2014


