
8.5

https://gdfzu.club

https://gdfzu.club 8.5 1 / 16



ε1, ε2, . . . , εn ε̃1, ε̃2, . . . , ε̃n V

(ε̃1, ε̃2, . . . , ε̃n) = (ε1, ε2, . . . , εn)P.

η1, η2, . . . , ηm η̃1, η̃2, . . . , η̃m U

(η̃1, η̃2, . . . , η̃m) = (η1, η2, . . . , ηm)Q.

φ ∈ L(V, U)

φ(ε1, ε2, . . . , εn) = (η1, η2, . . . , ηm)Am×n,
φ(ε̃1, ε̃2, . . . , ε̃n) = (η̃1, η̃2, . . . , η̃m)Bm×n.

B = Q−1AP A B
A B A B
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ε1, ε2, . . . , εn ε̃1, ε̃2, . . . , ε̃n V

(ε̃1, ε̃2, . . . , ε̃n) = (ε1, ε2, . . . , εn)P.

η1, η2, . . . , ηm η̃1, η̃2, . . . , η̃m U

(η̃1, η̃2, . . . , η̃m) = (η1, η2, . . . , ηm)Q.

P,Q φ ∈ L(V, U)

φ(ε1, ε2, . . . , εn) = (η1, η2, . . . , ηm)Am×n,
φ(ε̃1, ε̃2, . . . , ε̃n) = (η̃1, η̃2, . . . , η̃m)Bm×n.

B = Q−1AP = QHAP
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A,B ∈ Cm×n U ∈ Cm×m, V ∈ Cn×n

B = UAV,

A B A
B

A B AHA BHB
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A ∈ Cm×n r(A) = r A
T
A r

0

A ∈ Cm×n r(A) = r σ1 ≥ σ2 ≥ · · · ≥ σr > 0 A
T
A

σ1, . . . , σr A
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A ∈ Cm×n

λm−n det(λEn −A
T
A) = det(λEm −AA

T
),

A
T
A AA

T
A A

T

A ∈ Cm×n Σ = diag(σ1, . . . , σr) σ1, . . . , σr A
U, V

A = U

(
Σ 0
0 0

)
V

T
.
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A ∈ Rm×n Σ = diag(σ1, . . . , σr) σ1, . . . , σr A
P Q

A = P

(
Σ 0
0 0

)
QT .
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A =

(
4 11 14
8 7 −2

)
A
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A =

(
4 11 14
8 7 −2

)
x 7→ Ax

{x ∈ R3 | ‖x‖ = 1}

u1 u2 σ1
σ2
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A ∈ Cm×n m×n r(A) = r σ1 ≥ · · · ≥ σr > 0
A A = USV H A

sjj = σj , j = 1, . . . , r U j uj V j
vj

A = σ1u1v
H
1 + · · ·+ σrurv

H
r .
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A A A

A

0 n1 0
0 0 n2

0 0 0


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σ1

σ1 = maxX ̸=0
∥AX∥
∥X∥

σ1 ≥ |λi|, ∀i = 1, . . . , n

σ1(A) A
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