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Algebra

2.11 Classification of N x N Matrices:

aip - aiN
A =
an1- - aNN
(i) det(A) #0 = regular matrix
o 10 4
(i) A=AT = symmetric matrix a;; = ar; example [ 0 2 2
4 2 3
(iii) A= —AT = anti-symmetric matrix a;, = —ay;, in particular a;; = 0 = tr(A) = 0
(iv) A=At = self-adjoined matrix or Hermite-matrix , this means:

(vi)

(vii)

A= (A7), ajx = ax;

3 1 2 —i
example: A= 1| 2 2 1—-4 |,
t 1+¢ 3

if A is real then (i) and (iv) are equivalent. — diagonal elements of a Hermite-matrix are real, because of
a;; = @;;. The determinant is also real, i.e. det(A) € R if A is a Hermite matrix.

A=—At =  anti-Hermite matrix (— diagonal elements vanish) in particular a;; = 0 = tr(A4) =0
AT = A1 = A is called orthogonal (real case) AAT = fl—'lfl = T if A is complex than At = /:1_1
means that A is “unitary”. Properties of orthogonal matrices: det(A) = £1 (follows from det(A) = det(AT)
and det(AAT) = det(A)det(A")) if A and B orthogonal, then A - B = C'is also orthogonal.

Example: rotation around z-axis

Z .
R cosp sing O
Q) Y A = —sing cos¢ O
0 0 1
~ cos¢p —sing 0
- AT = sin¢g cos¢ O
0 0 1
X
o 1 00
= AAT = 01 0 since cos?¢+sin¢p =1
0 0 1
Test:
~ cos¢ sin¢
det(A) =1 =41 o.k.
et(4) — sin ¢ cos ¢ o
diagonal Matrix:
ail 0 0
A 0 0
0 0 - ann

det(A) = a1 - asz - ... ayy for diagonal matrix A



