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A =
(
α1 α2 · · · αm

)
⇒ L(α1, α2, · · · , αm) = Rn

u´§éuIOü �þµ

e1, e2, ..., en

∃, b1j, b2j, ..., bmj ∈ R
α1b1j + α2b2j + · · ·+ αmbmj = ej

A
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...
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 = ej, j = 1, 2, ..., n
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B = (bij) =
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B1 B2 · · · Bn
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(
AB1 AB2 · · · ABn

)
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©Ûµ
AB = En, n < m

�	�5�§µ AX = 0, k�")µX0 6= 0, AX0 = 0. �Ý

C =

(
X0 0 · · · 0

)
m×n 6= 0

A(B + C) = AB + AC = AB = En, B + C 6= B
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���5(Ø£SK¤µ∀An×m, R(A) = R(AA′) = R(A′A)

�Än �é¡�
µ

AA′, R(AA′) = R(A) = n

|AA′| 6= 0, (AA′)(AA′)−1 = En

A(A′(AA′)−1) = En, B = A′(AA′)−1

AB = En, B = A′(AA′)−1
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Theorem 4.1

Suppose that A is a n×m matrix. Then AA′ ´�½Ý
§��=
� A ´m�_Ý
§½R(A) = n.

Proof.

7�5µ=®� AA′ ´�½Ý
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∀X 6= 0, f = X ′AA′X > 0

⇒ A′X 6= 0⇒ R(A′) = n

R(A) = n
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Proof.

¿©5µ=®� R(A) = n

R(A) = n = R(A′), X 6= 0, A′X 6= 0

f = X ′AA′X = (A′X)′(A′X) > 0, AA′
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