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Background

Simple groups: A group is 

simple when it is nontrivial and 

there are no normal subgroups 

besides the trivial group and 

the group itself. 

WHY                     

?

Lemmas: 

Theorem:          is simple for

Application

o 3-cycles

o Conjugates

o and
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Lemma 1: 𝑨𝒏 is generated by 3-cycles

Proof:

Identity element:

Nonidentity elements:





Lemma 1.3: For n ≥ 5, the conjugate of all 

3-cycles in 𝑨𝒏 are 3-cycles.



Lemma 1.2: For n ≥ 5, all 3-cycles 
in     are conjugate in .

● Consider a 3-cycle (abc). We show that it is 

conjugate to (123). Conjugacy is an 

equivalence relation, so it follows that all 3-

cycles are conjugate.
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• Case 1:

o (abc) and (123) are conjugate in       

, as desired

• Case 2:

o We append (45) to the permutation 

to make it even; the claim follows



is Simple

● Recall:

○ Conjugacy is an equivalence relation

○ Lagrange's Theorem: The order of a subgroup divides the order of the group

● The order of all conjugacy classes in  are given in the following table:

● Any normal subgroups of must be the disjoint union of conjugacy classes in the 

table including {e}. However, none of the orders of each subgroup add to a proper 

divisor (except 1) of , so is simple.

● is simple by a similar argument
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Solvability of Quintics

A polynomial is solvable by radical

formula
The Galois group is solvable



Solvability of Quintics

A polynomial is solvable by radical 

formula
The Galois group is solvable



Solvability of Quintics

A polynomial is solvable by radical 

formula
The Galois group is solvable

Quintics are not, in general, 

solvable by radical formula


