@f(:c,y) =22 4+%g(z,y) =zt 434 =1 = Vf=(2z,2y), \Vg = (4 z®,4)y®). Then z = 2Az® implies
1
z=00r\= 5 Ifz =0, then z* + y* = 1 implies y = +£1. But y = 2)y° implies y = 0 so z = 1 or

1
A=Sandz’= y?and 2z =1soz = i1}—§. Hence the possible points are (0, 1), (%1, 0), (:l:-%, i—%),

with the maximum value of f on z* + y* = 1 being f (:l:—% , i%) = -725 = +/2 and the minimum value being

£(0,£1) = f(£1,0) = 1.

@f(a:,y, z) =8z —4z,9(z,y,2) =2* +10° + 2 =5 = Vf=(8,0, —4), A\Vg = (2)z, 20)\y, 2)2).

4 2
Then 2)z = 8, 20y = 0, 2Az = —4 imply z = X’, y=0,and z = —'X. But

2 2
5=z + 10y + 2% = (-;—) +10(0)%* + (—%) = 5= -i—g = A = %2, so f has possible extreme
values at the points (2,0, —1), (—2,0,1). The maximum of f on 2% +10y® + 22 = 5 is £(2,0,—1) = 20, and the

minimum is f(—2,0,1) = —20.

f(z,y, z) = z%y*2%, g(z,y,2) = P +y2+22=1 = Vf= <2zy212,2y:z:222,2za:2y2>,

AVg = (2Xz,2)y, 2Xz). Then Vf = AVg implies (1) A = y?2? =222 =2®y*and A #£0,0r (2) A =0and
one or two (but not three) of the coordinates are 0. If (1) then z? = y? = 2% = . The minimum value of f on the
sphere occurs in case (2) with a value of 0 and the maximum value is 2—1., which arises from all the points from (1),

that is, the points (4_—715, 2, 715) (155,-55, :}5) (i7‘5,-715,—-71§).

a8 403 4,8
@f(x,y,z)=a:‘+y4+z4,g(z,y,z)=m‘2+y2+22=1 = Vf=(4a",4,42°),

AVg = (2Az,2)y, 2Xz).
2=

Case I: If:c;éO,y;éOandzaéOthean=)\Vgimplies)\=2x2 =22 =22 orz’ =

Wi

yielding 8 points each with an f-value of 3.
Case 2: If one of the variables is 0 and the other two are not, then the squares of the two nonzero coordinates are
equal with common value 1 and the corresponding f-value is 3.

3: If exactly two of the variables are 0, then the third variable has value £

Case
. .. .1
+ 22 = 1, the maximum value of f is 1 and the mimmum value is 3.

Thus on z2 + ¥°

f(:c,y) =272 43y  —42-5 = Vf=(4z-4,6y) =(0,00 = z=1y=0.Thus (1,0) is the only
critical point of f, and it lies in the region 2 + y* < 16. On the boundary, g(z,y) = 22 + 32 =16 =
AVyg = (2Az,2)y),s06y = 20y = ecithery =0o0r A = 3. Ify = 0, then z = 34, if A = 3, then
4z —4=2\z = z=-2andy=£2v3. Now f(1,0) = -7, f(4,0) = 11, f(—4,0) = 43, and
£(—2,%2+/3) = 47. Thus the maximum value of f(z,y) on the disk 2 + y* < 16 is f(—~2,£2v/3) = 47, and

the minimum value is f(1,0) = —7.

@ f(z,y) = e~*¥. For the interior of the region, we find the critical points: f; = —ye™*Y, f, = —ze™ =¥, so the

only critical point is (0, 0), and (0, 0) = 1. For the boundary, we use Lagrange multipliers.

g9(z,y) =2 +4y> =1 = AVg = (2Az,8)y), 5o setting Vf = AVg we get —ye~2¥ = 2z and
—xe™"¥ = 8Xy. The first of these gives e ™*¥ = '—2/\z/y, and then the second gives —z(—2Az/y) =8y =
z% = 4y?. Solving this last equation with the constraint 2 + 4y® = 1 givesz = g andy = +51-. Now

1 1Y /4 -
f(:l:v;,:{:m) = e*/* ~ 1.284 and f(i%,iﬁ) = e"1/4 x5 0.779. The former are the maxima on the

region and the latter are the minima.

TOSZ=4 salldux!

1 with corresponding f-value of 1.
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@Let the dimensions of the box be z, y, and 2, so its volume is f (z,y, z) = zyz, its surface area is
9(%,9,2) = Ty + yz + zz = 750 and its total edge length is h(z,y,z) = z + y + z = 50. Then
Vf =(yz,zz,2y) = AVg + uVh = Ay +2), Mz +2), Mz +9)) + (ot 11). So (1) yz = Ay + 2) + 1,
(2 zz=X(z+2) +p,and (3) zy = Az + ;.y) + . Notice that the box can’t be a cube or else z = y=z=5
but then zy + yz + zz= 2800 £ 750. Assume z is the distinct side, that is, z # y, = # 2. Then (1) minus 2)
implies z (y — z) = Ay — z) or A = 2, and (1) minus (3) implies y(z — z) = Mz—z)ord=y.Soy=1z=2)\
and z + y + z = 50 implies z = 50 — 2); alsozy + yz + zz = 750 implies z(2X) + A% = 750. Hence

32
50 -2\ = -@ai- or 3A% — 100\ + 750 = O and A = 50—:*:—3—5‘/E, giving the points

(3(50F10v10),4(50 + 5v/10) »5(50£5+/10)). Thus the minimum of f is
f(3(50 ~10v3), }(50 + 5v/10) 13(50+5+/10)) = 2% (87,500 — 250010, and its maximum is

7 (5(50 +10v10), 4 (50 ~ 5v/10) , 4 (50 — 5v10)) = #; (87,500 + 2500 v/T0 ).
Note: If either y or z is the distinct side, then symmetry gives the same result. ’
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