9. fis arational function, so it is continuous on its domain. Since f 1s defined at (1, 1), we use direct substitution to evaluate

— . 20y 2(1)(1) 2
B N e 2(1 ~ 3

M. u=e""sin20 = wur=—e "sin20, ug = 2e" " cos 26
22 v=rcos(s+2t) = v =cos(s+2t), v.=—rsin(s+ 2{), v = —2rsin(s +2¢), ver =0, vs: = —rcos(s + 2t),
vee = —dreos(s + 2t), vrs = vsr = —sin(s + 2t), vre = ver = —2sin(s + 2¢), ver = ve. = —2r cos(s + 21)

26. (a) 2o = eTcosy = 2(0,0)=1landz, = —e“siny = z,(0,0) = 0, so an equation of the tangent plane is
z—=1=1{zx—0)+0(y—0)orz=xz+1
(b) A normal vector to the tangent plane (and the surface) at (0,0, 1) 1s (1, 0, —1). Then parametric equations for the normal
line there are » = £, y = 0, z = 1 — ¢, and symmetric equationsare x = 1 — z, y = 0.
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3. flr.y.z2)=2ViP +22 = folr, y 2) =327V + 22, fyle, v 2 felx.y,2) = ——
{ } ( } u } ‘\/)T ( } y2+

i

so £(2,3,4) = 8(5) = 40, £,(2.3.4) = 3(4) V25 = 60, f,(2,3.4) = ?}—23_% — 2 and £.(2,3.4) = t,if_g — 22 Then the
linear approximation of f at (2,3, 4) 1s

f[:ﬁ y:Z}% f(2=314}+f={213 4)(I - 2) +f§f(21314}(y_3} +fz(2,3,4}(2’ _4)
=40+60(z—2)+Z(y—3)+B(z—4) =60+ Ey+ L2 —120

Then (1.98)°,/(3.01)2 + (3.97)% = £(1.98,3.01,3.97) ~ 60(1.98) + 2(3.01) + 32(3.97) — 120 = 38 656_

du _ Qude  Oudy + %E = 2xy®(1 + 6p) + 32>y” (pe® + ) + 42%(p cos p + sin p)

35. = ——
dp Oz dp By dp 9z d

dv _dvdr  Jvdy

B, —=——
ds Ox Js By 3s

= (2zsiny +y”e®¥) (1) + (2” cosy + 2ye™ + ) (t).

s=0,t=1 = x=2,y=n,sng—”=n+(4+1)(1}=5_
]

— = ——— +—— = (2zsiny + ") (2) + (2% cosy + zye™ +e™¥) (s) =0+ 0= 0.
Y
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4. F(z,y,z) =™ —yz* —x%2° = 0,50 Oz _ _Fo_ | yzeT —2wz - 2oz” — yze™
) T dx F. rye®¥: — dyz¥ — 32?22 rye®VE — 4y¥ — 3227
8z  Fy 2 — ot . 2t — xze®V®
dy F rye®V® —dyz? — 3x?2? pye™VE — dyz? — 32?22

2 2T
43. Vf= <sz"_ez‘r, = :,_ 2ze="_> = ze"V¥ <z VY5 2\/— >

48. Vf = (zye®™ 22e™ e™¥) Vf(0,1,2) = (2,0, 1) is the direction of most rapid increase while the rate is [ (2,0, 1)| = /5.

50. The surfaces are f(z,y. z) = z — 2z° +v* = 0and g(x. y, z) = 2z — 4 = 0. The tangent line 1s perpendicular to both V f
and Vg at (—2, 2, 4). The vector v = V f x Vg 1s therefore parallel to the Ime. ¥V f(z, y, z) = (—4z, 2y, 1} =
Vi(—2.2.4) = (8,4,1), Vg(zx,y,z) = (0,0,1) = Vg(—2,24) = {0,0,1). Hence

ijk
v=VfxVg=|8 4 1|=41i—8j Thus, parametric equations are: x = -2+ 4¢, y=2—8t, z =4
001



8. f(z. y) = (=® + gﬂ)e"""z = f,=2ze¥/?, fv= ewz(2 +a2% +y)/2,

61.

faz = 2e¥/2, fuw = sz'(d"" @ +y)/4, foy = ze¥/? Then f> =0 implies
x =0, so0 f, = 0 implies y = —2. But f,.(0,—2) > 0,

D(0,—2)=e?—0=0s0 f(0,—2) = —2/e is a local minimum

. Inside D: f, = 2ze™* ~¥ (1 — 2 — 23*) = 0 implies = = 0 or 2> + 2y = 1. Thenif = = 0,

£y =2ye™= ¥ (2— 22 — 2%) = 0 implies y = 0 or 2 — 2y* = 0 giving the critical points (0, 0), (0, £1). If

#® + 2y* = 1, then f, = 0 implies y = 0 giving the critical points (+1.0) Now f(0,0) =0, f(£1.0) = ¢ ' and
f(0.%£1) = 2¢~'. On the boundary of D: 2* 4+ ¢* = 4, s0 f(x.y) = e~ *(4 + v*) and f is smallest when y = 0 and largest
when 32 = 4. But f(£2. 0) = 4e~*, (0, +2) = 8e~*_ Thus on D the absolute maximum of f is f(0, +1) = 2¢~" and the

absolute mimimum 1s f(0,0) = 0.

flzy) =1z+1/y, glz,y) =1/2"+1/3" =1 = Vf={(—2"2 -y ?)=AVg={-2x2"% —22y~7). Then
2= -2forz =2 and —y 2= 2 y Fory =2\ Thusz = y,s01/x +1/y*> = 2/2® = 1 implies x = ++/2
and the possible points are (4+/2, £1/2 ). The absolute maximum of f subject to = =% + y~* = lis then f(/2, v2) = /2
and the absolute minimum is f[‘—ﬁ_. —\/5] =—

flz.y.2) ==zyz, glz,y.2) ="+ +2 =3 Vf=2AVg = (yz,22z,2y) = A\(2z,2y,2z) fanyofz,y,orzis

zero, then = y = > = 0 which contradicts x* + > + 2* = 3. Then = 22 = 22 _ ¥
2x 2y 2z

2z =227z =

y® = =, and similarly 2y=* = 2%y = 2% = Substituting into the constraint equation gives 2*> + 2> + z* =3 =
#? = 1 = y* = 2*. Thus the possible points are (1,1, £1), (1, —1,%£1), (—1,1, £1), (—1, —1, £1). The absolute maximum
is f(1,1.1) = £(1,—1,—1) = f(—1.1.—1) = f(—1.—1,1) = 1 and the absolute

minimumis (1,1, —1) = f(1,—1,1) = f(—1,1.1) = f(—1.—1.—1) = —



