
4.7. Lagrange multiplier theorem.

Theorem 4.20 (Lagrange multiplier theorem – basic version). Let n ∈ N, n ≥ 2, let G ⊂ R
n

be an open set, f, g ∈ C1(G), M = {x ∈ G; g(x) = 0}, and ley x̃ ∈ M be a point of local
extremum of f with respect to the set M . Then at least one of the following conditions holds:

(1) ∇g(x̃) = o,
(2) there exists λ ∈ R satisfying ∇f(x̃) + λ∇g(x̃) = 0, i.e.m
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Theorem 4.21 (Lagrange multiplier theorem – advanced version). Let m,n ∈ N, m < n,
G ⊂ R

n be an open set, f, g1, . . . , gm ∈ C1(G),

M = {z ∈ G; g1(z) = 0, g2(z) = 0, . . . , g
m
(z) = 0}

and let z̃ ∈ M be a point of local extremum of f with respect to the set M . Then at least one of
the following conditions holds:

(1) the vectors
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are linearly dependent,
(2) there exist λ1, λ2, . . . , λm

∈ R satisfying

∇f(z̃) + λ1∇g1(z̃) + λ2∇g2(z̃) + · · ·+ λ
m
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Remark. The notion oflinearly dependent vectors will be defined in the next chapter.
Form = 1: One vector is linearly dependent if it is the zero vector.
Form = 2: Two vectors are linearly dependent if one of them is a multiple of the other one.


