
R
2 � (u, v)

φ−→ (x, y) ∈ R
2

x = x(u, v)
y = y(u, v)

x′ = x(u′, v′)
y′ = y(u′, v′)

φ

∀ ζ > 0 ∃Δ(ζ) :

√
(u′ − u)2 + (v′ − v)2 < Δ(ζ) �√

(x′ − x)2 + (y′ − y)2 < ζ

x(u, v) y(u, v)

f(x, y)

∀ ε > 0 ∃ δ(ε) :

√
(x′ − x)2 + (y′ − y)2 < δ(ε) �

|f(x′, y′) − f(x, y)| < ε

(f ◦ φ)(u, v) = f(x(u, v), y(u, v))

ζ = δ(ε)

∀ ε > 0 ∃H(ε) = Δ(δ(ε)) :

√
(u′ − u)2 + (v′ − v)2 < H(ε) �√
(x′ − x)2 + (y′ − y)2 < δ(ε) �

|f(x′, y′) − f(x, y)| < ε

f(x, y) C1 x(u, v), y(u, v) C1

⇒
(f ◦φ)(u, v) = f(x(u, v), y(u, v)) C1

(u, v)

df = fxdx + fydy
dx = xudu + xvdv
dy = yudu + yvdv

df = (fxxu + fyyu)du + (fxxv + fyyv) dv
= fudu + fvdv

fu =
∂f

∂u
=

∂f

∂x

∂x

∂u
+

∂f

∂y

∂y

∂u

fv =
∂f

∂v
=

∂f

∂x

∂x

∂v
+

∂f

∂y

∂y

∂v

(fu, fv) = (fx, fy)

(
xu xv

yu yv

)


