3. He1‘eu:cos%i+sin%j :j.sc-Duf{&O):c:;f(&O] = (.1‘4—1’J.¢3J'|ILj 0 =4
2 Gy .

7. fr(x.y) = ai; (xsiny+ ycosx) = siny — ysinx and f; (x,y) = xcosy + cosx. so
\ . . . . . . — /. . »
VilE.F)= [(smy — ysinx)i+ (xcosy + c:osJrjnﬂ{,J,T;.Jr:,ﬂ_f.-z]I = [1 -5 (@)]1+ %j = %ﬁl+ 35—5].

A —i+ 3j 2y 2x
15. Hereu = — = l__ "ml+ 3"10] fe(x,v) = ——']2. and f) (x,y) = ———. s0

[v] \._,.-"(_1)2_‘_32 (x—) (x —¥)*
Duf 2.1 =f 2.1 (= "10)+ﬁ @, 1;(”_) —2 (—£0)+4(3V’_) = 10

P —3i+2j
30. Here u = |—6’| = 1—‘] = 3"’:14— 1313j. frlx.y)=e V. and f, (x.y) = —xe . s0
POl a4
) ) e
Duf 2.0 = £ 2.0 (-HE) + f 2.0 (HE) =1(-348) -2 (HE) =-HE
39. Vflx,v,2) = (——+ )J——k::-Vf(l —1.2) = —i— ,,]+ 1k and a vector in the

desired direction 1sv=—-4V f(1,—1,2) = 4i + 2j — k. The maximum rate of decrease of f at P 1s

=Vf.-1.2)= \-""r(‘“2+ (‘%)2 + (%)2 =L




13.7

2 2
N XY 373 2 1..)| NETRND PN 3 .
5. ) = — 1 — . — ;
Fx,y) = 5 + - T VF( ) (gxl + zVi 1(3\@;'2‘2) *yi + zj 1s normal fo the level curve
X =
Fix,y)= 3 + E =1 at (3—‘2’—6 2). From this. we see that the slope of the required normal line is m = \3/_ = “/_ . So

27,

31.

34.

42,

V3

an equation of the required normal line is ¥y — 2 = % (x — 3—‘2/—@) ©y=Fx+ % The slope of the required tangent line

= —4435. and so an equation of the tangent line is ¥y — 2 = —4435 (x — 3—\2/—5) S y= —443517 + 8.

ism=—

A
NE)

v X :
Fix,y,2)=lnixy+1)—z=0=VF(3,0,0) = ( —i+ j—k)! = 3j — k. so an equation of the
v+ xy+1 1(3,0,0)
tangent plane at (3,0,0) 15 3(y —0) — (z — 0) = 0 & 3y —z = 0. Equations of the normal line passing through (3, 0, 0)
Yy z

arex =3, = = —,
3 —1

Fix,vy.2) =sinxy+3z—3=0=VF(0,3,1) = (vcosxyi+xcosxyj+ 3k)(0,3,1) = 3i+ 3k =3(i+ k). soan

equation of the tangent plane at (0,3, 1) is (x —0) + (z — 1) = 0 & x + z = 1. Equations of the normal line passing
x z—1
through (0, 3. 1) are 1= 71 Y= 3.
2
2y 2 210 2v0. 220
Fx,vz)=—=4+=—"—=—-"1=VF(xg,y.20) = —i+—j— —k. so an equation of the tangent plane at
al B 2 a? b? 2

2 2 2
. . 2xg 23 . 2z XX V¥ ZoZ xo Yo I
(:Cg,_vgmo)ls?[I—XQ]—I-b—EUf—}U]— CZ (d_‘ﬁ)_[}(:}a—Z_‘_ﬁ_g_?_ a_2+§_c=—2 = 0. But

YXo | ¥¥o _ ZZo _ .o

(x0. ¥0. Zo) lies on the hyperboloid, so the expression 2 = 2

was to be shown.

We write F (x, v, z) = x4 _vz 172 17and G (x, v.z)= 2x2 — v+ 272 1 2. The vector in the direction of the
normal line to the sphere F(x.y.z) = 0at (1.4.0) isv = VF(1,4,0) = (2xi+ 2yj + 2zK)|( 4 o) = 2i + §]

and the vector in the direction of the normal line to the elliptic paraboloid G (x,y.z) = 0 at (1.4, 0) is
w=VG(1.40)= dxi—j+ 4zk)|(1?4‘0) =4i —j. Sincev-w = (2i + 8j) - (4i — j) = 0. we see that v and w are

orthogonal. completing the proof.



