Math 254 Proofs
13.19 Lagrange’s Theorem







Theorem: Let f and g have continuous first partial derivatives such that f has an extremum at a point  on the smooth constraint curve .  If  then there is a real number  such that . 

Proof: 









To begin, represent the smooth curve given by  by the vector-valued function  where  and  are continuous on an open interval I.  Define the function h as .  Then, because  is an extreme value of f, you know that  is an extreme value of h.  This implies that , and by the chain rule, .








So,  is orthogonal to .  Moreover, by theorem,  is also orthogonal to .  Consequently, the gradients  and  are parallel, and there must exist a scalar  such that 

.

Quod erat demonstrandum.



This theorem is sometimes also stated in terms of .
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