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V F φ : V → V V
α1, α2 ∈ V c1, c2 ∈ F

φ(c1α1 + c2α2) = c1φ(α1) + c2φ(α2),

φ V
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V = Fn A n

φA : Fn → Fn, φA(α) = Aα, ∀α ∈ Fn

c ∈ F φ V α cα φ V
cidV
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V = R2 A =

(
cos θ − sin θ
sin θ cos θ

)
φA : R2 → R2, φA(α) = Aα, ∀α ∈ R2,

θ φA

R2 θ
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V1 V2 V V = V1⊕V2 v ∈ V
v = v1 + v2 v1 ∈ V1 v2 ∈ V2

P : V → V, P (v) = v1.

P V V V1
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V = C∞(a, b) (a, b)
f(x) ∈ C∞(a, b)

D : f(x) 7→ f ′(x),

D C∞(a, b) D
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Lie

V = Fn×n A n B ∈ Fn×n

adA(B) = AB −BA,

adA n
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φ(ξ1, . . . , ξn) = (ξ1, . . . , ξn)A

A φ (ξ1, . . . , ξn)
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V = Fn[x] φ V φ (1, x, . . . , xn−1)
φ
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V F n c ∈ F

ϕ : V → V, α 7→ cα.

:
1 ϕ (ξ1, . . . , ξn) cEn

2 L(V )
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(ξ1, . . . , ξn) (η1, . . . , ηn) V ϕ ψ V

(η1, . . . , ηn) = (ξ1, . . . , ξn)A.

1 ϕ(ξi) = ξi (i = 1, . . . , r) ϕ(ξi) = 0(i = r+1, . . . , n) ϕ
ξ1, . . . , ξn

2 ψ(ξi) = ηi, (i = 1, . . . , n) ψ (η1, . . . , ηn)
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φ φ V

φ n V (ξ1, . . . , ξn)
(η1, . . . , ηn) V

(η1, . . . , ηn) = (ξ1, . . . , ξn)P.

φ(ξ1, . . . , ξn) = (ξ1, . . . , ξn)A,

φ(η1, . . . , ηn) = (η1, . . . , ηn)B,

B = P−1AP.
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A B ∈ Fn×n P

B = P−1AP,

A B A ∼ B

A B A B

: φ
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V L(V, V ) L(V )

L(V ) F

L(V ) ϕ, ψ ∈ L(V )

ψϕ ∈ L(V ),

∀ϕ, ψ, σ ∈ L(V ), c ∈ F

1 : σ(ψϕ) = (σψ)ϕ

2 :(σ + ψ)ϕ = σϕ+ ψϕ

3 :(cψ)ϕ = c(ψϕ) = ψ(cϕ)
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V F V “◦”
1 : α ◦ (β ◦ γ) = (α ◦ β) ◦ γ

2 : α ◦ (β + γ) = α ◦ β + α ◦ γ
(α+ β) ◦ γ = α ◦ γ + β ◦ γ

3 : c(α ◦ β) = (cα) ◦ β = α ◦ (cβ)

V F

4 : e ∈ V e ◦ α = α ◦ e = α

V e F
1–3

5 : α ◦ β = β ◦ α

V F 5
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Fn×n F

6 ?
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Fn×n F

6 ?
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L(V )

L(V ) F

L(V )
ψϕ : V → V, α 7→ ψ(ϕ(α))

L(V ) F
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ϕn = ϕ · ϕ · · ·ϕ︸ ︷︷ ︸
n

n ϕ

1 ϕnϕm = ϕn+m

2 (ϕn)m = ϕnm ϕ0 = idV

3 ϕ ϕ−n = (ϕ−1)n ϕ−n = (ϕn)−1

4 ϕ ψ 0 6= c ∈ F

(ϕψ)−1 = ψ−1ϕ−1; (cϕ)−1 = c−1ϕ−1.
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V U F Θ :
V → U

Θ(α ◦ β) = Θ(α) ◦Θ(β)

Θ F V U

V U V U

dimV = dimU.
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L(V ) Fn×n

V F n ξ1, . . . , ξn V

Θ : L(V ) → Fn×n, ϕ 7→ A,

ϕ(ξ1, . . . , ξn) = (ξ1, . . . , ξn)A,

Θ A ϕ ξ1, . . . , ξn

https://gdfzu.club 7.1 23 / 26



V F n

dimL(V ) = n2.

Θ

1 Θ(idV ) = En

2 ϕ V ⇔ Θ(ϕ)

Θ(ϕ−1) = Θ(ϕ)−1.
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ξ1, . . . , ξn V

ϕ(ξ1, . . . , ξn) = (ξ1, . . . , ξn)A,

α = (ξ1, . . . , ξn)X

ϕ(α) = (ξ1, . . . , ξn)AX.

ϕ ∈ L(V )

dim Imϕ+ dimKerϕ = dimV.
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ϕ n V

1 ϕ

2 ϕ

3 ϕ

4 ϕ

5 ϕ
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