CHAPTER 14

SECTION 14.1
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37.

dom (F) = the set of all points (X, y) except those on the line y = —x; range (f) = (—o0, 0) U (0, o)
dom (f) = the set of all points (x,y) other than the origin; range (f) = (0, )

dom (F) = the first and third quadrants, excluding the axes; range (F) = (—o0, 00)

dom (f) = the set of all points (X, y) with x2 <y —in other words, the set of all points of the plane
above the parabolay = x2; range (f) = (0, o)

dom (f) = the set of all points (x,y) with -3 <x <3, —1<y <1 (arectangle);

range (F) =0, 3]

dom (f) = the set of all points (X,y, z) with |y| < |x|; range (f) = (—o0,0]

dom (f) = the set of all points (x,y) with x2 +y? <9 —in other words, the set of all points of the
plane inside the circle x> +y2 =9; range (f) =[2/3, )

dom (f) = the set of all points (X,y,z) with x> +y? + z2 < 4— in other words, the set of all points
inside and on the sphere x? +y2+22=4; range (f) =[1,e?]
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38. wh=12 = h=m; C=4W|+2(2Wh+2|h)=4W|+T+W

Volume: V = lwh =

SECTION 14.2
+vVv —
45, xX+2y+3 <x#yt3) =6 or bLx+7y=230, aline

48. 22+ (z2-2??=2 = 2z—-1?=0 = z=1 = x?+y?=1, acircle.
49. x2+yr+ (x2+3y?)=4 or x*+2y?=2, anellipse

51. x?2+y?2=(2-y)? or x?>=-4(y—1), aparabola

SECTION 14.3

2. linesofslope2:y=2x—c 3. parabolas: y =x2 —¢

7. the cubicsy =x3—¢ 8. the coordinate axes and the hyperbolas
xy =Inc

13. the circles x2 +y? =¢°, ¢ real 14. the parabolas y = e°x? with the origin

omitted throughout

19. x+2y+3z=0, plane through the origin
20. circular cylinder x2 +y2 =4  (Figure 14.2.8)

21. z=./x2+y2, the upper nappe of the circular cone z2 = x2 +y2 (Figure 14.2.4)

X2 y2 22
22. ellipsoid T + 5 + g =1 (Figure 14.2.1)

27. The level curves of T are: 1 — 4x? —y2 =¢. Substituting P (0,1) into this equation,
we have
1-40)?-@1)?*=c = c¢=0

The level curve that contains P is: 1 —4x% —y? =0, or 4x?+y?=1,
28. (xX*+yHe” =1

31. The level surfaces of T are: x? + 2y2 — 2xyz = c¢. Substituting P (—1,2,1) into this equation,
we have

(-1 +22)% - 2(-1)@)(1) =¢c == c=13
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37.

42.

The level surface that contains P is: x + 2y? — 2xyz = 13.
GmM
are concentric spheres.

— — 2424 52— CMM o
=Cc = X‘+y"+z°= ; the surfaces of constant gravitational force

D. 43. f(x,y)=cos/x2+yZ, A 45. f(x,y)=xye @+v)/2 E

SECTION 14.4

11.
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15.

19.

20.

26.

43.

45.

46.

a_g— -y a_g—_2—y

ax—2xe C Ay T x°e

ﬁ=e””‘y+ey‘””, g=—eﬂ”‘y—ey—w 6. 9z x , 0z __ -3

ox oy ox /x2-3y 0y 2\/x2-3y

a_u——_ez a_u——_zez a_u—i 9 a_u— + a_u—x+z a_u—x+
ax  x2y2’ 9y xy3' 9z xy2 Coax YTE oy T voaz Y
of 0 of .

a—x—zcos(x—y), E——zcos(x—y), a—z—sm(x—y)

a9 _ 2u Gl w og _  v-—-2w

au  uZ+vw—w2' av  uZ+vw—w2 9w  uZ+vw —w?

of _ 2xy sec xy + x2y(sec xy)(tan xy)y = 2xy sec xy + x2y2 secxy tanxy

aX

of 2 2 2 3

E = X*sec Xy + x“y(sec xy)(tan xy)x = x=sec xy + X’y sec xy tan xy
ﬁ __ (y cosx)siny — (x siny)(—y sinx) _ siny(cosx + X sinx)

ox (y cosx)? B y c0s2 X

E _ (y cosx)(x cosy) — (x siny)cosx _ X(y cosy —siny)

ay (y cosx)? B y2 coS X

ﬁ = e™(ysinxz + z cos xz) ﬂ = xe"¥sinxz ﬂ = xe"™ cos xz
ox oV "oy ‘0z

O_U_E_ ze%? a_u__l_emz a_u__x etz

ax x V¥ ey T Ty ez Y

Let z=f(x,y) =x?>+y2 Then f(2,1) =5, f,(x,y)=2y and f,(2,1)=2;
equations for the tangent line are: x=2, z-5=2(y-1)

x2 2X
Letz=F(xy)= ;g Thenf@2)=9, f.(xy)= 3 and £.(3.2=6

equations for the tangent line are: y=2, z-9=6(x-23)

FxY) =@ —x2—y)2 fu(x,y) = —Xx@ x> —y) 72 fu(xy) = -y@4-x2—y?)~1/?

(a) fy(l,l)z—g =:>x=1,z—\/§=—§(Y—1)
(b) fz(1,1)=—§=:>y=1, z—\/iz—g(x—l)
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(¢) |y and I, have direction vectors j — @k, i— @k respectively. The normal to the plane is

G- gk) x (i— gk) = —gi — gj — k, so the tangent plane is
—g(x—l)—g(y—l)—(z—\/i)=0, or (x—1)+(y-1)+v2z-v2)=0
53. (a) f depends only on y. (b) f depends only on x.

55. (a) 50v/3in.2

(b) %%=%csin9; at time to, %=5\/§

© a#g‘ngccose; at time tg, %“=50

(d) with h:%, A(b,c,9+h)—A(b,c,9)Eh%:%(50)=i—gin.2
(e) O=%sin9 (b%+c); at time tg, %z%c=—2

SECTION 14.5

1. interior = {(x,y) : 2<x <4, 1<y < 3} (the inside of the rectangle), boundary = the union of

the four boundary line segments; set is closed.

2. same interior and same boundary as in Exercise 1; set is open

3. interior = the entire set (region between the two concentric circles), boundary = the two circles, one

of radius 1, the other of radius 2; set is open.

4. interior={(X,y) 11 <x® <4} ={(X,y) : 2 <x < -1} U{(x,y) : 1 < x < 2} (two vertical stripes
without the boundary lines), boundary={(x,y) : x = =2, x = =1, x = 1,0r x = 2} (four vertical

lines); set is closed.

6. interior = the entire set (region below the parabola
y = x?), boundary = the parabola y = x2; the

set is open.

7. interior = region below the parabola y = x2,

boundary = the parabolay = x2; the set is closed.

9. interior = {(X,y,z) : X2 +y? <1, 0 <z <4} (the inside of the cylinder), boundary = the total

surface of the cylinder (the curved part, the top, and the bottom); the set is closed.
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Section 14.6

0%f o%f 0%f o%f
2. el 6AX + 2By, a—y? = 2Cx, ayox _ axdy 2Bx + 2Cy
9°f , %f % f _ o%f
_— = ry — = 2oy = = Yy
3 ax? yer dy? Cxe™, dydx  axady Cemlxy +1)
2 2 2 2
4. % =2cosy — y2Zsinx, % = 2sinx — X2 cosy, aayafx = aaxafy = 2(y cosx — xsiny)
. f _ 1 1 of_ 1 ’f o _ 1
Toax2 (x+Y)2 x2T ay? (x+y)2' aydax oxdy (X +Y)?
o0%f o%f 0%f o0%f
- = & - = Y = = @Y r
13. e Ye ay? xew dyox  dxoy ere
14 *f _ 2xy 0’ f _ —2xy ’f o y?-—x?
Toax2 T (x2+y2)2" 9y? (x2+y2)?2 dydx  Oxdy (X2 +y2)?
15 af _ yr % 0’ f _ x*-y? 0°f _ o*f _ 2y
o2 (x2 + y2)2’ oy? - (x2 + y2)2, 0yox B oxoy - (x2 + y2)2
0%f 0%f . o%f .
19. m=0, 6_y2=XZ siny, ﬁ=—xysmz,
ﬂ—ﬁ—sinz—z cos ﬁ—ﬁ— cosz—sin az—f—aQ—u—xcosz—xcos
dyox  oxdy Yo oxaz ~ azax Y Yo Gyaz ~ azay y
0%f o%f °f 0%f o%f
20- =5 — ml =5 — yl =5 — Zl = = yl
ox2 z¢ ay?2 X 0z2 ye dyox  0xoy ¢
o%f _ 9 _ . 0 _ o _ .
0z0x 0xdz ' 9dzdy 0ydoz
. 9%f 0*f . 0*f 0%f
23. (a) no, since 3vox % axdy (b) no, since dyox % axdy for x #y

26. (a) as(x,Yy) tends to (0,0) along the x-axis, f(x,y) = f(x,0) =1 tends to 1,
as (x,y) tends to (0, 0) along the liney = x, f(x,y) =f(x,x) =0 tends to 0;
(b) as (x,y) tends to (0, 0) along the x-axis, f(x,y) =f(x,0) =0 tends to 0;

as (x,y) tends to (0,0) along the liney = x, f(x,y) = f(x,x) = % tends to

1.
2 2!

000 _ o OO =
27 @ Jm e =mo=0  ® limglh=lmo=0
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28.
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®

@

@

(©

(d)
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(6 cosB)(Bsing) _ . o
6—0+ (8c0sB)2 + (Bsin@)2 9ILT+ cosf sinf =0

By L’Hospital’s rule I|m () Ilmf’(x) f/(0). Thus

xf(x) — lim T (X)/x _ f/(0)
=02+ [FOQ) o0 L+ [F)/x] 1+ [F(O)]

. (cos 6 sin 38)(sin 6 sin 30) . . 1
| = - - . = | B sin6=-v3
o= oSO 387 + @B Sn38Y gy, 0050 SN0 =7V3

@/eGinyy/t . sint

- = ——————: does not exist
t—oo 1/t2 + (sin*t) /t2  t—oo 1+sin’t

x(0)2 0¥ _jimo=
i e gy = MO =0 () fim oy = limo=0

lim xmex® = lim mex’ = lim m*x does not exist
—0 (X2 + m?2x2)3/2 - zﬂo [X[3(1 + m2)3/2 - zﬂo x| (1 + m2)3/2’

(8 cosB)(Bsinb)? _ 3
I, (@c0s0) + (@sing)IprE — 4, C0sOsin“0 =0

CMFR [P XIFOF .
M G+ PGP~ b @+ O b [+ [Py 2008 MOt &t

lim (cosBsin 36)(sin 8sin 36)2 = tim cossin?g = 3
6—3 - [(cos0sin30)2 + (sinBsin30)2]3/2 o3 8

- 2 -9
lim (179 (sinv/Y) = lim L; does not exist

oo [(1/2) + sin? t/e2)) 2 (L4 sin? )Y




