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13. IV 15. 11 17. 1T

1 x=1+utovy=2+u—v,z=-3—-—u+tv
. x=xz=z,y=+1—x>+ 22

23. x = 2sin ¢ cos 6, y = 2 sin ¢ sin 60,
z=2cosp0<Pp<m/4,0<0<2mw
[0rx=x,y=y,z=m,x2+y2$2]

25, x=x,y=4cosb,z=4sin,0s=sx=<50<60=<27

29. x =x,y = ¢ “cos 6,
z=¢e "sinh,0<x=<3,
0=0=<2w

31. (b)

33. (a) Direction reverses  (b) Number of coils doubles

CHAPTER 10 REVIEW = PAGE 733

True-False Quiz

1. True 3. False 5. False 1. True 9. False
1. True

Exercises

1. (@

(b) r'(t) =i — wsin @t j + cos 7wk,

r"(f) = —m*cos wtj — w*sin wtk

3.r(t) =4costi+4sintj+ (5—4cost)k,0<t<2m
5. 1i — 2/m)j + 2/mk 1. 86.631 9. 7/2

APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A121

M. @ (A1) +2+1

() (26,1 — 1, =263 — £)//13 + 415 + 21* + 512

(©) ¥ + 416 + 2% + 582/(¢4 + 2 + 1)

13. 12/17%? 15. x =2y + 27 =0

17. v() = (1 + Ini + j — e 'Kk,

[v(t)| =2 +2Int+ (In1)> + e, a() = (1/0)i + e 'k
19. (a) About 3.8 ft above the ground, 60.8 ft from the athlete
(b) =214 1ft (c) =64.2 ft from the athlete

21. x =2 sin¢ cosf, y =2 sin ¢ sinh, z = 2 cos ¢,
0<0<2m7w/3<¢=<2m/3

23. 71|

FOCUS ON PROBLEM SOLVING = PAGE 735

1. (a) v= wR(—sin wti + cos wtj) (c) a = —w’r

3. (@) 90° v/ (29)

5. (a) =0.94 ft to the right of the table’s edge, =15 ft/s
(b) =7.6° (c) =2.13ft to the right of the table’s edge
1. 56°

9. r(u,v) = ¢+ ua + vb where a = (a,, a,, as),

b = (b, by, b3), ¢ = {c1, ¢z, ¢3)

CHAPTER 11

EXERCISES 11.1 m PAGE 745

1. (a) —27; a temperature of —15°C with wind blowing at

40 km/h feels equivalent to about —27°C without wind.

(b) When the temperature is —20°C, what wind speed gives a wind
chill of —=30°C? 20 km/h

(c) With a wind speed of 20 km/h, what temperature gives a wind
chill of —49°C? —35°C

(d) A function of wind speed that gives wind-chill values when the
temperature is —5°C

(e) A function of temperature that gives wind-chill values when
the wind speed is 50 km/h

3. Yes

5 {(x,y) |%x2 +y2 < 1}, (=, In 9] y#

-

1.(@3 O {xy)[x>+y +22<4,x=0,y=0,z=0},
interior of a sphere of radius 2, center the origin, in the first octant
9. =56,=35 11. 11°C, 19.5°C 13. Steep; nearly flat

15. p




A122 APPENDIX J

19. (y —2x)?*=k
y

4321 0 1234

23. y=ke™

ANSWERS TO ODD-NUMBERED EXERCISES

N.y=—x+k

3B.(a) C (b I
39. 3 B (b) VI
43. Family of circular cylinders with axis the x-axis (k > 0)

45. (a) Shift the graph of f upward 2 units

(b) Stretch the graph of f vertically by a factor of 2

(c) Reflect the graph of f about the xy-plane

(d) Reflect the graph of f about the xy-plane and then shift it
upward 2 units

47. If ¢ = 0, the graph is a cylindrical surface. For ¢ > 0, the level
curves are ellipses. The graph curves upward as we leave the ori-
gin, and the steepness increases as ¢ increases. For ¢ < 0, the level
curves are hyperbolas. The graph curves upward in the y-direction
and downward, approaching the xy-plane, in the x-direction giving
a saddle-shaped appearance near (0, 0, 1).

49. (b) y = 0.75x + 0.01

3. F M1
M1. Family of parallel planes

EXERCISES 11.2 m PAGE 755

1. Nothing; if f is continuous, (3, 1) = 6 3. -2
5 1 7. Does not exist 9. Does not exist 11. 0

13. Does not exist 15. 2 17. 1 19. Does not exist

21. The graph shows that the function approaches different num-
bers along different lines.

23. h(x,y) = 2x + 3y — 6)* + /2x + 3y — 6;

{(x,y)|2x + 3y = 6}

25. Along the line y = x 21. {(x,y) |y = 0}

29. {(x,y)|x*+y*>4} 31 {(x, v, 2)|y =0,y # x2 + 22}

. {(x, ) [ (x,y) # (0,00} 35. 0

fis continuous on R?

EXERCISES 11.3 m PAGE 766

1. (a) The rate of change of temperature as longitude varies, with
latitude and time fixed; the rate of change as only latitude varies;
the rate of change as only time varies.

(b) Positive, negative, positive

3. (a) fr(—15,30) = 1.3; for a temperature of —15°C and wind
speed of 30 km/h, the wind-chill index rises by 1.3°C for each
degree the temperature increases. f,(—15, 30) = —0.15; for a
temperature of —15°C and wind speed of 30 km/h, the wind-chill
index decreases by 0.15°C for each km/h the wind speed
increases.

(b) Positive, negative  (c) 0

5. (a) Positive  (b) Negative

1. (a) Positive  (b) Negative

9 c=fib=f,a=f



1. fi(1,2) = —8 = slope of C, f,(1,2) = —4 = slope of C,

15. fi(x,y) = =3y, f,(x,y) = 5y* — 3x

17. fi(x, 1) = —me 'sin mx, f;(x, 1) = —e 'cos wx
19. 9z/0x = 20(2x + 3y)’, 9z/9y = 30Q2x + 3y)°
21 filx, y) = 2y/(x + y)% filx,y) = —2x/(x + y)*
23. dw/da = cos a cos B, dw/d = —sin a sin B

2r?

25. f,(r,s) = PR + In(r* + 52), fi(r, s) =
r’+s

21. du/ot = (1 — w/t), du/ow = e

29. f, =z — 10xy’z*, f, = —15x%y%2", f. = x — 20x%y°7°
31. dw/dx = 1/(x + 2y + 3z2), ow/dy = 2/(x + 2y + 3z),
ow/oz = 3/(x + 2y + 3z)

33. 9u/dx = ysin'(yz), du/dy = xsin”'(yz) + xyz//1 — y?z?,
u/oz = xy*//1 — y*z?

35. f, = yz> tan(y1), f, = xyz’t sec*(yt) + xz° tan(yt),

f. = 2xyz tan(yt), f, = xy*z* sec(yt)

31, ou/ox; = x;/xA+ xE+ -+ X2

9.1 #.t

3. fi(x,y) =y>—3x%, filx,y) =2xy — x°

2rs
rr+s?

APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A123

a5 9z 3yz—2x 9z _ 3xz — 2y
T ox 2z —3xy dy 2z — 3xy
1 9z 1+ yiz? dz -z

ax 1+y+y2z2’5_ 1+ y+y%?
4. (@) f'(x),g9'(»)  ®) fx+y).f(x+y)
51. fi. = 6xy° + 24x%y, fiy = 15x%y* 4+ 8x° = f,., f,, = 20x%y?

53. w. = v/ (u® + 022w = —uv/W® + v*)*? = w,,
Wy = u*/(u* + v?)*?
55. z,, = —2x/(1 + x¥)% 2,y = 0 = 2, 2,, = —2y/(1 + y?)?

59. 12xy, 72xy

61. 24 sin(4x + 3y + 2z), 12 sin(4x + 3y + 2z)

63. 0e™(2sinf + Hcos O + rfsinh) 65. 6yz”

67. =12.2, =16.8, =23.25 79. R*/R}

85. No 8. x=1+t,y=2,z=2—2¢t 89. —2

91.

x4y + 4x2y3 _ y5 )CS _ 4x3y2 _ xy4
b) filx,y) = 5 Aty =
( ) f(-x Y) (xz + yz)z ﬁ(x y) (xz + y2)2

(¢) 0,0 (e) No, since f,, and f,, are not continuous.

EXERCISES 11.4 m PAGE 778
1.z=-Tx—6y+5 3 x+ty—2z=0 5. z=y

AN
S i
e SO
SIS ;o N

\\\\;.‘5‘:.%,5{;,7/
S 4

3325

M2x+3y—1 MB.ix—3y+% 11.63

19. 2x + 2y + 82,6.9914 21, 4T + H — 329; 129°F
23. dz = 3x*In(y?)dx + (2x%/y) dy

25. dm = S5p*q’ dp + 3p°q* dq

21. dR = 3*cos yda + 2af cos ydp — af?sin ydy

29. Az = 0.9225,dz = 0.9 31. 54cm? 33. 16 cm®
35. 2.3% 37. & = 0.059 Q 3. 3x —y+32=3
N —x+2z=1 B.x—y+z=2

45, & = Ax, &y = Ay

EXERCISES 11.5 m PAGE 786
1. 2x +y)cost + 2y + x)e’

3. [(x/t) — ysint]/y/1 + x2 4+ y?

5. ¢’ [2t — (x/2) — (2xy/z%)]

1. 9z/9s = 2xy3cost + 3x*y*sint,

9z/0t = —2sxy3sint + 3sx’y>cos t

9. 9z/ds = t* cos O cos ¢ — 2st sin O sin ¢,
9z/dt = 2st cos f cos ¢ — 7 sin O sin ¢
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Jdz
M. —=¢€

s
tcos ) — ——=——=sin 0 |,
ds ( \s2+ 12 >
Jz . 0 t in 0

— =¢'| scos ) — ————=sin

ot NOEE

13. 62 15. 7,2
ou ou 0x ou dy Ju ou 0x du dy
17. —=—-—+ s =——+ —
ar dx dr dy adr as dx ds dy ds
ou _ ouox | ou dy
ot ox ot Jdy ot
Jw dw or dw ds dw ot
) -t ——+ ——,
ox Jor 0x Jds 0x ot ox
ow _ ow ar | ow as | ow ot
dy ar dy ds dy ar Ay
21. 85,178,54  23. 2,2 25. 36, 24,30
sin(x — y) + ¢’ 3yz — 2x 3xz — 2y

" sin(x — y) — xe” "2z —3xy’ 2z — 3xy
1+ y%z? z
' l-I—y-l—yzzz’_l-4—y-|-yzz2
33. 2°C/s 35. = —0.33 m/s per minute
37. (@ 6m’s (b) 10m%s (c) Om/s
39. =—027Ls M. —1/(124/3) rad/s
43. (a) 9z/dr = (9z/dx) cos O + (9z/dy) sin 6,
9z/90 = —(9z/0x)r sin 6 + (9z/dy)r cos O
49, 4rs 0°z/0x* + (4r* + 4s)0%z/0x dy + drs 0*z/dy* + 2 dz/dy

EXERCISES 11.6 = PAGE 799

1. =—0.08mb/km 3. =0.778 5.2+ ./3/2

1. (a) Vf(x,y) = (2 cos(2x + 3y), 3 cos(2x + 3y))

(b) (2.3) () V3 -3

9. (a) (e¥?, 2xze?, 2xye®) (b) (1,12,0) (c) —%
11.23/10  13. —8/y/10  15.4/30 11. 9/(2./5)
19.2/5  21.1,(0,1)  23.1,(3,6,—2)

25. (b) (—12,92)

2]. All points on the line y = x + 1

29. (a) —40/(3/3)

31. (a) 32//3  (b) (38,6,12) (c) 2./406

3.2 3.7

39. @ x+ty+z=11 b)yx—3=y—-3=z—-5
x—2 y—-1 =z+1

MN. (a) dx —Sy—z=4 (b) 1 s .

3. axt+ty—z=1 by x—1=y=—2
45 47. (2,3),2x + 3y =12
y

xy=6

51. No 5. x=—-1—-10t,y=1—16t,z =2 — 12t
61. If u = (a, b) and v = (¢, d), then af, + bf, and cf, + df, are
known, so we solve linear equations for f, and f;.

EXERCISES 11.7 = PAGE 809

1. (a) f has a local minimum at (1, 1).

(b) f has a saddle point at (1, 1).

3. Local minimum at (1, 1), saddle point at (0, 0)

5. Minimumf(_%, —%) =1

7. Minima f(1, 1) = 0, f(—=1, —1) = 0, saddle point at (0, 0)
9. Minimum f(2, 1) = —8, saddle point at (0, 0)

11. None 13. Minimum f(0, 0) = 0, saddle points at (*1, 0)
15. Minima £(0, 1) = f(m —1) = fQm, 1) = —1,

saddle points at (7/2, 0), (37/2, 0)

19. Minima f(1, 1) = 3, f(—1, 1) = 3

21. Maximum f(7/3, 7/3) = 3/3/2,

minimum f(57/3, 57/3) = —3+/3/2, saddle point at (7, )

23. Minima f(—1.714, 0) = —9.200, f(1.402, 0) =~ 0.242,
saddle point (0.312, 0), lowest point (—1.714, 0, —9.200)

25. Maxima f(—1.267,0) = 1.310, f(1.629, £1.063) = 8.105,
saddle points (—0.259, 0), (1.526, 0),

highest points (1.629, =1.063, 8.105)

27. Maximum f(2,0) = 9, minimum f(0, 3) = —14

29. Maximum f(*1, 1) = 7, minimum £(0, 0) = 4

31. Maximum f(1, 0) = 2, minimum f(—1,0) = —2

33.

X

3.3 3.(2,1,5), (2,1, —/5) 39 % 1%

M. 8-/(3/3) 43. 1% 45. Cube, edge length ¢/12

47. Square base of side 40 cm, height 20 cm 49. L°/ (3\@ )

EXERCISES 11.8 m PAGE 818

1. =59, 30

3. No maximum, minimum f(1, 1) = f(=1,—1) =2

5. Maximum f(*2, 1) = 4, minimum f(*2, —1) = —4
7. Maximum f(1, 3, 5) = 70, minimum f(—1, =3, —=5) = =70
9. Maximum 2/+/3, minimum —2/+/3

11. Maximum +/3, minimum 1

13. Maximum f(%,%, %,%) =2,

minimum f(—%, -1 -1 —%) = -2

15. Maximum f(1, V2, —v2) =1 + 22,

minimum £(1, —v/2,v/2) =1 — 242

17. Maximum 2, minimum 3

19. Maximum f(*+1/y/2, 71/(24/2)) = "4,

minimum f(+1//2, #1/(2y2)) = ¢ /*

27-31. See Exercises 35—45 in Section 11.7.

39. L°/(3/3)
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8. Nearest (1, 3, 4), farthest (— 1, — 1, 2) 51 Minimum f(=4, 1) = =11
43. Maximum =~9.7938, minimum = —5.3506 53. Maximum f(1, 1) = 1; saddle points (0, 0), (0, 3), (3, 0)
45. (a) ¢/n (b) Whenx; =x:= -+ = x, 55. Maximum f(1, 2) = 4, minimum f(2,4) = —64

57. Maximum f(—1,0) = 2, minima f(1, =1) = —3,
saddle points (—1, =1), (1, 0)

CHAPTER 11 REVIEW = PAGE 823 59. Maximum f(*++/2/3, 1/4/3) = 2/(3/3),

True-False Quiz minimum f(*+2/3, —1//3) = —2/(3/3)
1. True 3. False 5. False 7. True 9. False 61. Maximum I, minimum —1
11. True 63. (£374, 37142, £31/4), (£371/4, —3714/2, +314)
65. P(2 — v/3), P(3 — /3)/6, P(2+/3 — 3)/3
Exercises
L{xy|y>—x—1} 3 FOCUS ON PROBLEM SOLVING = PAGE 827
NG Y 1. W2 IW? 3. (a) x = w/3,base = w/3  (b) Yes
9. V3/2.3/2
_1\\ x
N
N CHAPTER 12

EXERCISES 12.1 = PAGE 837
1. (a) 288 (b) 144 3. (@ 7/2=~4935 (b) 0

5, 7. 5 (@4 (b -8 1U<V<L
) 9. (a) =248 (b) =155 11.60 13.3
15. 1.141606, 1.143191, 1.143535, 1.143617, 1.143637, 1.143642
. EXERCISES 12.2 m PAGE 843
1. 500y 3x> 3.10 5.2  7.261,632/45 9. %In2
1.0 1.7 15% 12.9In2
19. :(V3— 1) — 57 21 3(e* —3)
0 1 2 X 23.
9.3

1. (a) =3.5°C/m, —3.0°C/m  (b) = 0.35°C/m by
Equation 11.6.9 (Definition 11.6.2 gives =1.1°C/m.)

(c) —0.25

13. fo=1/V2x + y2, f, = y//2x + y?

15. g, = tan 'v, g, = u/(1 + v?)

1. T,=In(qg + &), T, =p/(q + &), T, = pe'/(qg + ¢)
19. fo=24x, fo = =2y =fi, fry = —2x

2. foo=k(k — D)x*2yz" fo, = kIx* 'y 2" = £,

2% %2 2% 292 3n%

fo = kmx*lylzn T = £ =1 — 1)xty 2, 33. 2le — 57
fyz — lmxkylflszl :fzy, fzz — m(m _ l)xkylszz
2 N N (5 J it e B it
L@ 2 =8x + 4y () === )
2. () -2y —3-3 i 2-rrl_z-1
(@) 2 — 2y — 3z (b) — R
29. () dx —y—2z2=6
b)) x=3+8,y=4-2t,z=1—4 p
31. (2,5, —1),(-2,-51) 3.5 8.0 . o
33. 60x + 2y + 22 — 120; 38.656 3?. Fub.ml.s Theorem .d(.)es not apply. The integrand has an infinite
35. 2xy>(1 + 6p) + 3x*y*(pe’ + ef) + 4z (p cosp + sinp) discontinuity at the origin.
37. —47,108
8. (2xe”, x2%7, 2x%yze’”) 46 —% EXERCISES 12.3 m PAGE 850

47. /145/2,(4.2)  49. =% knot/mi .32 33 Se—1 1Y o=
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1. (a) » (b) »

0

13. Type: D ={(x,y) |0<sx<1,0<y<u},
typeI: D ={(x,y) |[0<sy<lysuxs=<l}h3

15. J‘(; f{”ﬁydy dx + J‘14 J}EZ ydy dx = J‘El J‘;';rzydx dy :%
17. 51 —cos1) 19.% 21.0 2.3 25 %

2.6 292 311 33012130713 3. ¢
37. z

X

39. 13,984,735,616/14,549,535

a. 7 |‘4 f(x,y) dxdy 4. [ ‘0\/@ f(x,y) dydx

45. [ 7 f(x, y) dxdy ’

0

a7. 5" —1) 4939 5.
55. (/16)e /" < [[, e """ dA
63. a’b + 2ab> 65 wa’h

EXERCISES 12.4 = PAGE 857
1. 72 [2 f(rcos 6, rsin 6)r dr d6

3 (1 [ £(x, y) dy dx
5. y 337/2

7.0 9 imwsin9 M. (w21 —et) 13 G

5. %7 iz 18 i . a1 - (1/v2)]
23. (87/3)(64 — 244/3) 25 w/12 21 3mw(1 — cos9)
29. 2,/2/3  31. 1800w ft>  33.2/(a + b)

3L 3 () Jr/4A  (b) Jm/2

EXERCISES 12.5 m PAGE 866
.9¢c 3360 56,3

e+ 1 4*-1)
R <2(e2 — 1) 9’ - 1))
9. L/4,(L/2,16/(9m) M. (3,37/16)  13. (0,45/(14m))
15. (2a/5, 2a/5) if vertex is (0, 0) and sides are along positive axes
17. (e* — 1), 5(e? — 1), 1(e* + 2¢> — 3)
19. 7ka®/180, 7ka®/180, 7ka®/90 if vertex is (0, 0) and sides are
along positive axes

2. m=7Y8,(x,y)=|— — —,— . I, = 37%/64,
3 T 97

I, = (7t — 37%), I, = w*/16 — 97%/64

2. (a) s () 0375 (c) % =~ 0.1042

25. (b) (i) ¢ % =~ 0.8187

(i) 1+ e ' — e — ¢ =03481 () 2,5

21. (a) =0.500 (b) =~0.632

29. (@) [[, k[1 = 35/(x — x0)2 + (v — v, )| dA, where D is the
disk with radius 10 mi centered at the center of the city

(b) 2007k/3 = 209k, 200(m/2 — $)k = 136k, on the edge

EXERCISES 12.6 = PAGE 871

1. V147 3.3,/14 5 2/6 1.4
8. 27/3)2v2 — 1) 1. 4mb(b — /b> —a?>)  13. 13.9783

15. (a) 242055 (b) 24.2476  17. 4.4506
19. 214 + E1n[(11V5 + 3v70)/(3/5 + V70)]

21. (b)

(©) [77 [ /36 sin*u cos? + 9 sin*u sin%v + 4 cosu sin’u du dv

2% 27 21 4xw

EXERCISES 12.7 = PAGE 880
.2 31 5% -1) 1.-1 94 1%
13. 8/(3¢) 5. & 17. 16@/3  19. % 21. 367
2. () ) [ [ dzdydx (b) jm—} 25 60.533



2].

29, [ (5 [VEEDOR f(x,y, 2) dz dy dx

VEa—xT=y/2
= ‘0 ‘ \m if/ﬂiy/z/z f(x,y,2) dzdxdy
= fll |4 . .‘134‘%f()€,y,z)dxdydz

J |\P2/2‘Vj4v‘4; f(x,y,z)dxdz dy

‘ 2 .Vi‘/Tix/z/zj4 e f(x,y,2) dydz dx

- ‘ | Lj/sz 4 X74zrf(X, v,z)dydx dz

3. 7, [ 57 f(x, y, 2) dz dy dx

= ‘3 .fif f(f“ﬂf(x, v,z) dz dx dy
=Lh” | s f(x,y, 2) dx dy dz
=G5 ‘[VT fx,y,2) dxdz dy
= [P I f e y, ) dy dzdx
= [0 [V 1T fxy o) dy dxdz

3. [ [z fo " f(xy,2) dz dy dx

= [0 100 f .y, 2) dz dx dy

= [o 0y Iy Sy 2) dxdy dz

= [l f ey, 2) dxdz dy
= o o R ey, 2) dy dzdx
=Jo J(il g ,‘\/; (x,y,2) dydx dz

3. [5 [} [ f Oy, 2) dzdxdy = [§ [ 7 f(x. . 2) dz dy dx
Jo [1 1 ey, 2) dxdy dz = [ |0‘ Iy f(x, p, 2) dx dz dy
10 o [ (e, y, 2) dy dz dx = ‘0 J f(x,y,z)dydxdz

79 358 33 571
3. 5. (5. 5. 5%)

[X,]

39. o’ (7a/12,7a/12, 7a/12)

M. I,=1=1=>3%° 4. iwkha*
45. (a) m = Jf 1% (> \/x2 + y2dz dy dx

(b) (x,y,z), where

X = (1/m)[*, [0S (7 xJx? + y2dzdy dx
y= (1/m)l4 ‘\?/9% (57 y/x2 + y2dz dy dx
z=(1/m)J ,\/ﬁ 57 2 x? + y2dz dy dx
© [ 1[5 ‘(x + v dz dy dx

47. (a) o7 + o

®) < 28 30m+ 128 457 + 208 >
97 + 44” 457 + 220 1357 + 660
(¢) 75(68 + 157)
49. @) ) & (©) =5 51. L8
53. (a) The region bounded by the ellipsoid x> + 2y? + 3z =1
(b) 4/67/45

APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A127

EXERCISES 12.8 = PAGE 887

X

647/3 Om/4)(2 - V3)

5. f“/z [ f(rcos 6, rsin 0, 2) rdz dr d

7. 3847 9. m(e® —e —5) 1. 2xw/5

13. (a) 1627 (b) (0,0,15)  15. 7wKa%/8, (0,0, 2a/3)
17. 312,5007/7  19. 15@/16  21. 15627/15

2. (V3 - 1)md’/3 25 (a) 100 (b) (0,0,2.1)
27. (0,32,0)  29. (a) (0,0,2a) (b) 4Kma’/15

3. §m(2 - v2).(0.0.3/[8(2 = v2)])

3. 57/6 3.0 3. (42 -5)/15
41. (a) [[f.h(P)g(P) dV, where C is the cone
(b) =3.1 X 10" ft-Ib

39. 1367/99

EXERCISES 12.9 m PAGE 898

1. 16 3. sin’0 — cos?6 5 0

1. The parallelogram with vertices (0, 0), (6, 3), (12, 1), (6, —2)
9. The region bounded by the line y = 1, the y-axis, and y = /x
M. x =12 — u),y = 1(u + 2v) is one possible transformation,
where S = {(u,v) | ~1<su<11<v<3}

13. x = ucos v,y = usin v is one possible transformation,
whereS={(u,v) [1<u<20=<»< 77/2}

15. —3 17. 67 19. 2In3

21. (@) mabc  (b) 1.083 X 10> km’®

2.%m8 2. 3sinl  21.e— e

CHAPTER 12 REVIEW = PAGE 899

True-False Quiz
1. True 3. True 5. True 1. True 9. False

Exercises

1. =640 3. 4¢>—4e+3 5.3sinl 1.2
- [T f) f(rcos 6, rsin 6) rdrdf
11. The region inside the loop of the four-leaved rose r = sin 26 in

the first quadrant

13. isinl  15.2¢°—2  17.iIn2  19. 8
2. 817/5 23.% 25 7/96 2. %
29. 176  31. % 33. 2ma’/9

B@; O Gy ©h=gl=p1=35%
37. (a) (0,0,h/4) (b) wa*h/10

39. In(v2 +3)+v2/3 4. 4300512
5.5 b3 (©

ar. [y [ [V f(ny.z)dedydz 49 ~In2 510
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FOCUS ON PROBLEM SOLVING = PAGE 903
.30 3.3sinl 7. (b)0.90

M. aben| 2 - 5
.aC7T3 9\6

CHAPTER 13

EXERCISES 13.1 = PAGE 911

1. y
NN\
NONCN N
NN N N
NONN N
3 y 5 y
e N>
P NN
b d oy oy VNN
OGN N j /l L_“\\\ Q

1. 11 13. 1 15. IV 17. 111
19. 45 The line y = 2x

- e e e .

—4.5 45

[ R A
P [

OSSR

P

PUE U Pl

—45

21. Vi(x,y) = (xy + De™i + x%¥j
x

B V.2 = o
y v4

+ j + k
\/x2+y2+22" Vrt+yr+ 22

25. Vi(x,y) = 2xi—j
y
2

—
—

21. 6

29. 111 3. 1I 33. (2.04,1.03)
35. (a) b) y=1/x,x>0

EXERCISES 13.2 m PAGE 922

1. 51452 —1) 3.16384 52 1. 9 57

Mn 514 -1 13.% 15 %
17. (a) Positive  (b) Negative

19. 45 21. ¢ —cos1 —sinl 23. 1.9633 25. 15.0074

27. 37 + 2

-2.5

29. (a) & —1/e (b) 21

0

—-0.2
3. sasv/2(1 — e ™) 33 2mk, (4/m, 0)
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35 (a) x = (l/m)‘fcxp(x, v, z) ds, 1. (a) 817/2 (b)
y = (1/m) [, yp(x, y, z) ds,

5
z=(1/m) |.zp(x,y, z) ds, where m = [ p(x, y, z) ds
(b) (0,0, 3m) 20
3. [ =k(zm —3). L, = k(37 - 3)
39. 272 4. 26 43. =1.67 X 10* ft-1b 45. (b) Yes -5
47. =22 -2
EXERCISES 13.3 m PAGE 932 (¢) x=3cost, y = 3sint,
1. 40 3 flx,y)=x*—3xy +2y? -8y + K z=1— 3(cost + sin 1),

5. Not conservative 1. f(x,y) =ye* + xsiny + K O0<r<2m

9. f(x,y) =xlny + x*y* + K

M. () 16 13 (a) f(x,y) =3xy> (b) 2
15. (a) f(x,y,z) =xyz+z* (b) 77

17. (a) f(x,y,z) = xy*cosz (b) 0 19. 2

21. It doesn’t matter which curve is chosen. 17. 3

23. 30 25. No 21. Conservative

31. (a) Yes (b) Yes (c) Yes EXERCISES 13.8 = PAGE 971

33. (@ No (b) Yes (c) Yes 55 1.97/2 9.0 1.327/3 13.0

15. 341./2/60 + % arcsin(v/3/3)
EXERCISES 132'4 " PAGE 939 ' B 17. 137/20 19. Negative at Py, positive at P,
1. 87 33 5. 12 13 9. —247 "N 3-2mw

65 ) 0 21. div F > 0 in quadrants L, II; div F < 0 in quadrants III, IV
13. 57 17. — 5 19. 37 21. (¢) 5

23. (4a/3, 4a/3m) if the region is the portion of the disk CHAPTER 13 REVIEW = PAGE 974
x? + y? = a*in the first quadrant
21. 0 True-False Quiz

1. False 3. True 5. False 1. True

EXERCISES 13.5 = PAGE 947 .
Exercises

1. (a) —x*i+3xyj—azk (b) yz . . 4

3. (a) ze'i + (xye’ — yze") j — xe’k  (b) y(e” + eY) 1. fi)) Negatll\lle (b) Positive 3. 6\/m 5. 5
5.(a) 0 (b) 2/J/x2+ y2+ 22 1. 5 9. 5 —4/e 1. f(x,y) = e’ + xe® 13. 0
1. (@ (1/y,—1/x,1/x) () I/x+ 1/y +1/z 17. —87 25, (w/60)(391/17 + 1)  21. —647/3

9. (a) Negative (b) curl F =0

11. (a) Zero  (b) curl F points in the negative z-direction
13. f(x,v,2) = xy2° + K 15. f(x,y,2) =xy +y2 + K
17. Not conservative 19. No APPENDIXES

31. -3 3. -4  37.21

EXERCISES A = PAGE A6

EXERCISES 13.6 ® PAGE 959
.18 35-.5 52—«

1.49.09  3.900w 5 1114  1.3(2y2-1)

9. 17114 1. /3/24  13. 364/27/3 x4+1 forx=—1

15. (7/60)(391/17 + 1)  17. 167 19. 12  21. 18 Llx+l]= {—x 1 forx<c—1 EXTI
2. —; 25 —3iw 21.0 29.48 3. 27w +}

33. 3.4895 1. (=2, ) 13. [-1, )

35. ([, F - dS = [[ [P(dh/dx) — Q + R(9h/92)] dA, — ——
where D = projection of S on xz-plane

3. (0.0.a72 15. (0, 1] 17, (—o, 1) U (2,2)
39. (a) L= [[{(x*+ y)p(x,y,2)dS  (b) 43292 /5

4. Okg/s  43. Sma’sy, 45, 12487 01 ro2
EXERCISES 13.7 » PAGE 965 19. (—/3,4/3) 21. (=, 1]

3.0 5 0 7. —1 9. 807 -3 0 V3 0o 1
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23. (—1,0) U (1, %) 25. (—o,0) U (4, )

o—O0

-1 0 1 0

1
4

2. 10<C<35 29.(a) T=20—-10n0<h<12
(b) —30°C<T=<20°C 31.2,—-% 33 (-3,3)
3. (3,5 31 (—o, —7] U [-3,)

39. [1.3,1.7] M. x= (a + b)c/(ab)

EXERCISES C = PAGE A25

EXERCISES B = PAGE A16 1. (a) 7/6 (b) /20 3. (a) 720° (b) —67.5°
.5 3 -2 5 3mem 7. ;rad = (120/m)°
. 9. (a) (b)

M. y=6x—15 13. 5x +y=11 15. y=3x -2

y=3r—3 19.y=5 20 x+2y+11=0 11. sin(37/4) = 1/4/2, cos(3m/4) = —1//2, tan(37/4) = —1,
B.5x—2y+1=0 cse(3m/4) = V2, sec(3m/4) = —/2, cot(3m/4) = —1
25.m:—%, 27.m:%, 13.cosng,tanezi,cscHzg,secezi,cotezg
b=0 b= -3 15. 573576 cm  17. 24.62147cm 21, 5(4 + 642)
Y Y 29. 7/3,57/3 31 w/6, w/2, 57/6,37/2

B.0sx<g/6and 57/6 <x <27
35. 0<x<7/4,30/4 <x<57/4,Tn/4 <x<2mw

37. y

=
=)
@y
z
=

29. A 31. y

|

|

|

0: x -2 o 2 X 39

|

I

I

I

I
33. y 35.

y=4
x=2 EXERCISES D = PAGE A34
y=1-2x 1. % (or any smaller positive number)
o > 3. 1.44 (or any smaller positive number)

5. 0.0906 (or any smaller positive number)

7. 0.11, 0.012 (or smaller positive numbers)

3. (x =3P+ (y+172=25 39. (2, —5), 4 M. (1, -2) 1. (a) /1000/7 cm (b) Within approximately 0.0445 cm
45, y=x—13 (¢) Radius; area; 4/1000/7r; 1000; 5; =~0.0445



13. (a) 0.025
19. (a) x > 100

EXERCISES F = PAGE A45

(b) 0.0025
21. (@) 0

17.

(b) 9,11

1. VI+V2+3+V4+45 3.3 +3%+3°
B, —l+3+3+53+5 1104204304450
10
9.1 —1+1—1+---+(=1)" n. Y
i=1
19 l n 5. n‘
13. D - 15. 2 2i 17 220 19. X X'
=it 1 i=1 i=0 i=1
21.80 23.3276  25.0 21.61  29. n(n+ 1)
31. n(n®> + 6n + 17)/3 33. n(n> + 6n + 11)/3
35. n(n’ + 2n% — n — 10)/4
M. @n* ©®53Y-1 © = (@ a—a
435 4514  49. 2"+ pi+n-—2
EXERCISES G = PAGE A54
e A, B (b)A+ B C
. (a - e
x+3 3x+ 1 x x+1 (x + 1)?
3()é+£ C  Dx+E
WY Te 3 x2+4
®) A B C D
x+3 (x+3?* x—-3 (x—23)?
A B Cx +D
5. (a) 1 + + -
x—1 x+ 1 x°+1
(b)At+B+Ct+D Et+ F
21l P4 (4
7. x + 6Injx — 6]+ C
9. 2In|x+5|—In|x—2[+C 1. 3In3
13.aln|x—b|+C 15 ] +1In3
1. ZIn2 — ¢In3(orfIn?)
9 - Lmrrs| o Lne1y s c
. —— 1In - — In -
36 7 6x+5 36 F
21. 2In x|+ (1/x) +3In|x+ 2|+ C
2 In|x— 1| —3In(x*+9) —ftan'(x/3) + C
25 ;In(x*> + 1) + (1//2) tan"'(x/y/2) + C
+1
27. JIn(x* + 2x + 5) + itan‘<xz> +C
1 2x + 1
29.%ln|xf1|féln(x2+x+1)fﬁtan’l xﬁ +C
31.%ln\x|—§ln(x2+4)+m+c
-1 C2V3 0 (x+1) 26+ D)
B ramrad o ta"(ﬁ) 3t a €
x+22
% 2+0n% 37.ln[mj|+C

APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A131

39. —1In3 = —0.55
M. 1= —InP — §1n(0.9P + 900) + C, where C =~ 10.23

24110 1 668 1 9438 1
4879 5x+2 323 2x+ 1 80,155 3x — 7
1 22,098x + 48,935
260015 x*+x+5
4822

3. (a)

3146

334

(b) In|5x + 2] — —=—1In|2x + 1] - In|3x — 7|+
4879 323 80,155

L9 | o sy BT 2t L

— - Inx X an

260,015 260,015/19 J19

The CAS omits the absolute value signs and the constant of
integration.

EXERCISES H.1 = PAGE A63
1. (a)

(2,77/3), (=2, 47/3) (1,57/4), (=1, 7/4)

(1,37/2), (= 1,57/2)

3. (a) (b)
(1, ) T o
o
(2.-%)
(—1,0) (-1, -v3)
(©)
[N
\\\.3
2.5)
(v2, —v2)

5 () () (2v2,77/4) (i) (-2v2,37/4)
®) () 2.27/3) (i) (—2,57/3)
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1.

15,

17.

21

23.

2].

31.

9.
r=2 0:%/\
e
r=1 ol - \
1
o] /
—__ T
0=—3 //)‘:4
//
o="1r
i:\ r=3
\
r=2— NN
AN
)
o /’ I,
// /
//
9=3F
. Circle, center (O, %), radius %
. Horizontal line, 1 unit above the x-axis
r= —cotf cscf 19. r = 2c cos 6
.(@ 0=mw6 (b)x=3
25.
K
(1.5)
0
I
9=—7 0
29.
0
q"
33.
g="T
\\\ /// 3
3N\ /2
\ /
6 1
/ \
// \\
/ 3 4 \
/ \
31.
_57 -7
=% =%
\\ //
N} ///

APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES

39. a.

41. (a) For ¢ < —1, the inner loop begins at § = sin"'(—1/c) and
ends at § = 7 — sin ' (—1/c); for ¢ > 1, it begins at

0= 7+ sin"'(1/c) and ends at § = 27 — sin~'(1/c).

49, — 51. 1

53. Horizontal at (3/\/5, 77/4), (—3/\/§, 377/4);

vertical at (3, 0), (0, 7/2)

55. Horizontal at (%, w/ 3), (0, ) [the pole], and (%, S5u/ 3);
vertical at (2, 0), (%, 277/3), (%, 477/3)

57. Center (b/2, a/2), radius /a2 + b%/2
59. 3.5 61.

3

=7

—2.5

63. By counterclockwise rotation through angle /6, /3,

or « about the origin

65. (a) A rose with n loops if n is odd and 2n loops if n is even
(b) Number of loops is always 2n

67. For 0 < a < 1, the curve is an oval, which develops a dimple
as a—1". When a > 1, the curve splits into two parts, one of
which has a loop.

EXERCISES H.2 = PAGE A69
1. 7510240 3. w/12 + 13

D

41
5. ’7T2 1. 3T
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n x 13. 37 17. 4,4 19, *3i 2. —1+2i
3 2. —; + (V7/2)i  25. 3y/2[cos(37/4) + isin(3m/4)]
=% 2. 5{cos[tan"(%)] + isin[tan"(g)]}
— 29. 4[cos(m/2) + i sin(m/2)], cos(—m/6) + i sin(—/6),
- } ecos(—m/6) + i sin(—m/6)]
31. 442 [cos(7a/12) + isin(77/12)],
(2+/2)[cos(13/12) + i sin(137/12)], [cos(7/6) + i sin(m/6)]
1 \ 1 1 -3 33. —1024  35. —512/3 + 512i
By .m-3Y3 WamtaV3 o 2w 37, 1, +i, (1/42) (=1 = i) 39, +(/3/2) + Li, —i

B 27— 31/3 Boim—1 21 {7+ 3.3)

29. (1, 60) where 0 = m/12, 57/12, 137/12, 177/12

and (—1, 0) where 6 = 77/12, 114/12, 194/12, 237/12
31. (34/3, 7/3), (34/3, 27/3), and the pole

33. Intersection at § = 0.89, 2.25; area = 3.46 35.
3. (7 + 12— 1] 39. 29.0653

EXERCISES | m PAGE A78 m.oi 4L+ (V3/2)i 5 —e?
1.8—4i 3. 13+18 5 12—-7i 1.8+ 47. cos 30 = cos’0 — 3 cos 6 sin’,
9 11 1n. —i 13. 5i 15. 12 + 5i,13 sin 30 = 3 cos®0 sin 6 — sin’6

2 2





