Section 3.4
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[image: image2.png]Parametrize the curve defined | Parametrize x> + )7 =1
by g(x,y) = ¢ as ¢(r) = (x(7).(7)) | as e(¢) = (cos 7, sin 7)
= = cos +sin? = 1.
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[image: image3.png]It both V7 (e(7)) and Vg(e(7))
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This motivates the Method of Lagrange Multipliers (stated in its most
general form in Theorem 8 on page 226). To maximize/minimize f(x,y)
subject to g(x,y) = c,
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[image: image4.png]Find the extreme values of z = x> —3? along the circle of radius 1
centered at the origin in the xy plane.

With f(x,y) = x> — y? and g(x,y) = 2% + 1%, we have
VAxy) = Ve(x,y) =

Setting VAx.,y) = AVg(x,y) and including the constraint equation, we have





[image: image5.png]Find the extreme values of f{x,y) = x> + 3? along the line y = x + 1, that
is, the liney —x = 1.

With f{x,y) = x2 + y? and g(x,y) =y —x, we have
VAxy) = Ve(x,y) =

Setting VAx.,y) = AVg(x,y) and including the constraint equation, we have




[image: image6.png]Find the extreme values of f(x,y) = x> + 3? along the line y = x + 1, that
isy—x=1.

Note how we could have solved this problem using substitution. Since
fxy) =x%+ )7 and y = x + 1, then we may write

To use Lagrange multipliers to find the absolute maximum and minimum
for a function f{x,y) over a region:
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[image: image7.png]Find the absolute maximum and minimum of f{x,)) = xy on the unit disc,
i.e., where 1% + 2 < 1.

With A

) =y and g(x,y) = x2 + 1% we have
VAxy) = Ve(x,y) =

First, we find all critical points of f{x,1) located in the unit disk, by
solving 7. = 7, = 0. The only critical point is

Next, we locate the maximum and minimum on the boundary of the unit
disk, that is, on the unit circle of radius 1.

Setting VAx.,y) = AVg(x.,y) and including the constraint equation, we have




[image: image8.png]Find the absolute maximum and minimum of

flx,y) = (x> +1?)/2 on the elliptical region defined by %2 + 32 < 1.
With f(x,y) = (x> + 1?)/2 and g(x,)) = x%/2 + 12 we have

VAxy) = Ve(x,y) =

First, we find all critical points of f{x,)) located in the elliptical region, by
solving 7. = 7, = 0. The only critical point is

Next, we locate the maximum and minimum on the boundary of the
elliptical region.

Setting VAx.,y) = AVg(x.,y) and including the constraint equation, we have




[image: image9.png]Find the absolute maximum and minimum of

fx,y,2) = xy + 22 subject to the constraint that x> + 12 + 22 = 1.
With f(x,y,2) = xy + 2% and g(x,y,z) = x> + 12 + 22, we have
VA, Vgl

Setting VAx,y,z) = AVg(x,y,z) and including the constraint equation,

have




[image: image10.png]Find the absolute maximum and minimum of

fix,y,2) = xy + yz subject to the constraint that x? + 32 + 22 = 1.

With flx,,2) = xy + yz and g(x,y,2) = x2 + 2 + 22, we have

Viixy2) = Ve(ry,2) =

Setting Vf(x,y,z) = ANVg(x,y,2) and including the constraint equation, we
have




[image: image11.png]Let x, y, and z be the dimensions of a rectangular box. Maximize the

volume 1= subject to the constraint that the surface area of the box
isS =

With f{x,),2) = and g(x,5,2) = ., we have

VAxyz) = Vg(xy2) =

Setting VA(x.y.z) = AVg(x,y.2) and including the constraint equation, we
have
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