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4.2 Permutation matrices Sn

Let n 2 Z>0.

• An n⇥ n permutation matrix is an n⇥ n matrix such that

(a) There is exactly one nonzero entry in each row and each column,

(b) The nonzero entries are 1.

• The symmetric group is
Sn = {n⇥ n permutation matrices}.

• The transpositions in Sn are the matrices sij = 1� Eii � Ejj + Eij + Eji,
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, for i, j 2 {1, . . . , n} with i 6= j.

• The simple transpositions in Sn are the matrices si = si,i+1,
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, for i 2 {1, . . . , n� 1}. (4.1)

Proposition 4.2. The symmetric group Sn is presented by generators s1, s2, . . . , sn�1 and relations

s2i = 1 and sjsj+1sj = sj+1sjsj+1 and sks` = s`sk, (4.2)

for i, j, k, ` 2 {1, . . . , n� 1} with j 6= n� 1 and k 6= `± 1.

A key step of the proof is to write a permutation matrix in normal form.

33


