A112 APPENDIX | ANSWERS TO 0DD-NUMBERED EXERCISES

9, x — 207 + 20 1 & 1:5:9 - -@n—3)
' 53, — +
E lehuﬂ

3 =1
‘:‘ xll
85 C + x|
,’/} 5. C+ In|x| ..}_‘.n-n‘.
= Jl's

x",R=16

5. (@ 1+~ 1) —jle— 17+ 56-1Y
(b) s (c) 0.000006

. f —4

PROBLEMS PLUS = PAGE 805

1. 15!/5! = 10,897,286,400

3 (b) 0ifx =0, (1/x) — cot x if x # km, k an integer
5. (a) s, =3-4" 5, =1/3",p,=4/3""  (c) 53

VU 4xt + x
9. (_], 1), W

M. In; 13 (a) Bim(e @ V5 — ) (b) Bnr

13 () 2+ 10— 4) ~L(x— 42  (b) 15625 X 10~ 19. % -1
B.@ 1T+ -1 —3x—1)2+&x—-1° (b) 0.000097
17. (a) 1 + 3x2  (b) 0.0014

19, (8) 1 + x> (b) 0.00006 21. (a) x> — ix* (b) 0.042
23. 0.17365 25 Four  21. ~1.037 < x < 1.037

29. —0.86 < x < 0.86 M. 21 m, no

2
2. — (% - ﬂk) where £ is a positive integer

31. (c) They differ by about 8 X 10~ km. CHAPTER 12

EXERCISES 12.1 = PAGE 814
CHAPTER 11 REVIEW = PAGE 802 1. (4,0,-3) 3.C4
True-False Quiz 5. A vertical plane that
1. False 3. True 5. False 7. False 9. False intersects the xy-plane in
11. True 13. True 15. False 17. True theliney=2—-x,z=0

19. True 21. True

Exercises

.7 3D 50 1e?2 92 MNC 13C

15. D 17. C 19. C 21. C 23. CC 25. AC

2.5 29.m/4 3 e 3509721 1. (a) |PQ| = 6,| QR| = 24/10, | RP| = 6; isosceles triangle
31. 0.18976224, error < 6.4 X 1077 8 (2) No (b) Yes
error M (x+3)7+ (=22 + (-5 = 16

. 4, [_6, 2) 43. 0.5, [25, 3.5) (y = 2)2 4 (Z - 5)2 =7,x=0 (a circle)

1s [ " B ™ B (= 3+ (y— 8+ (z — 1) =30
LA [(zn); ( 0 ) T (" B z) 5 (1,2, 4,6 1. (2,0,-6),9/y2

. - 19. (b) 3,3/94.34/85
. Y (-1)x",R=1 49, In4-3 PYTE 4 21 () (x— 27 + (y+ 32+ (z — 6> =36

(b) (r =27+ (y+ 3+ — 67 =4
51. 2 (_l)n i ,R . (C) (X = 2)2 + ("Ir' -+ 3)! + (Z . 6)2 =9

=0 2+ 1) 23. A planc parallel to the yz-plane and 5 units in front of it
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APPENDIX1 ANSWERS TO 0DD-NUMBERED EXERCISES A113

25. A half-space consisting of all points to the left of the

plane y = 8

27. All points on or between the horizontal planes z = Q and z = 6
29. All points on a circle with radius 2 with center on the z-axis
that is contained in the plane z = —1

31. All points on or inside a sphere with radius +/3 and center O
33. All points on or inside a circular cylinder of radius 3 with axis

17. (3,8, 1)

the y-axis
$BO<x<5 NrP<x*+y’+2<PR
3. (a) 2, 1,4 (b) o
[

41. 14x — 6y — 10z = 9, a plane perpendicular to 4B
43.2/3-3
EXERCISES 12.2 m PAGE 822

1.(a) Scalar  (b) Vector (¢) Vector (d) Scalar
— — — —> —> - — —>
3. AB=DC,DA = CB,DE = EB, EA = CE

5@ L . () u
yd 1Y u+w“~_~~ ;w

u

() (d) u
"IN N
v+w u—v

(e) u (N —wiN<y

- u
Y u—-w-—v
vitut+w

7.c¢=3a+;3;bd=5b—3a
9. a=(4,1)

¥

AL B2,2)

19. (2, —18), (1, —42), 13,10
2. —i+j+ 2k —4i+j+ 9k 14, /82
3 . 7 . 8. 1. &
23 ———=it+t—— 25. 5i — 5] 5k 21. 60°
\/ﬁ 1 m J sl 9] Ty
29, (2,23) 3. ~4596 fi/s, =38.57 fi/s
33. 100/7 = 264.6 N, ~139.1°
35, /493 =~ 22.2 mi/h, N8°W
37.T, =—-19i+392j,T,=19i+ 392j
39. (a) At an angle of 43.4° from the bank, toward upstream
(b) 20.2 min

8. G +45)//17 4.0
4. (a), (b) |V

47. A sphere with radius 1, centered at (xg, 3o, 20)

EXERCISES 12.3 = PAGE 830

1. (b), (c), (d) are meaningful 3. 14 519 7.1
9. -15 Mu-v=lu-w=-}

1 5
N =) = e =1 = .
15. cos (\/5—> 63 17. cos ( 10]5) 81

18. cos‘(ﬁ) ~52°  21. 48° 75° 57°

23. (a) Neither  (b) Orthogonal

(¢) Orthogonal (d) Parallel

% Yes 21 (i—j—K//3 [or (=i +j+K/N3]
28, 45° 31 0°at (0, 0), 8.1°at (1, 1)

33, %,5,2:48°, 71°, 48°

35 1//14, —2//14, =3/ /14 74°, 122°, 143°

31, 1/4/3, 1/3/3, 1/4/3; 55°,55°,55° 39, 4, (=2 %)
0.3 (3.5 -8) w8 VLA di+ak

417, (0, 0, -2 m ) or any vector of the form

(s, t,3s — 2\/1—0), s, tER

49. 144) 51 2400 cos(40°) =~ 1839 ft-lb

53. ¥ 55. cos(1/4/3) = 55°

EXERCISES 12.4 » PAGE 838

1.16i+48k 3. 15i—3j+3k 5 3i—j+3k
1L0-Hi+@ -k 9. 0 MMit+tj+k

13. (a) Scalar  (b) Meaningless (c) Vector

(d) Meaningless (¢) Meaningless (f) Scalar
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A114 APPENDIX | ANSWERS TO 0DD-NUMBERED EXERCISES

15. 96,/3; into the page 17 (-7, 10, 8), (7, —10, —8) 69. /61714 M. %  13.5/(2/14) 1. 1//6
1 15 1 1 5 7. 13//69

= <_3J3_’ T35 3ﬁ>’ <3¢3” 33 ‘3¢§>

21. 16 29. (a) 0,18, -9) (b) /5 EXERCISES 12.6 » PAGE 856

3. (a) (13, —14,5) (b) 5+/390 1. (a) Parabola

3.9 35. 16 39. 10.8 s5in 80° = 10.6 N-m (b) Parabolic cylinder with rulings parallel to the z-axis

41, =417 N 43. 60° (c) Parabolic cylinder with rulings parallel to the x-axis

45. (b) V/97/3 53. (@ No (b) No (c) Yes 3. Circular cylinder 5. Parabolic cylinder

EXERCISES 12.5 = PAGE 848

1. (@) True (b) False (c¢) True (d) False (e) False
(f) True (g) False (h) True (i) True (j) False
(k) True
I r=Q2i+24j+35K)+tBi+2j—-k)
x=24+3t,y=24+2t,z=35—1
5. r=(i+ 6Kk) + (i + 3j + k);
x=1+ty=3,z=6+1¢
T.x=2+2,y=1+3t,2=-3— 44
G-2/2=2-2=G+3/(-4

+ -1
9.x=—8+11t,y=1—3t,z=4;x”8=y_3,z=4
Mx=1+y=-1+2tz=1+1¢,
x—1l=@Wp+1/2=z-1
13. Yes

15. (a) (x — )/(=1) = (y + 5)/2 = (z — 6)/(-3)

(b) (-1, -1,0),(-3,0, -3), (0, -3,3)
17.r()=Qi—j+4k) + i+ 7j—-3k),0st=<1
19. Skew 21. (4, -1, -5) 2. x—-2y+52=0
5. x+4y+z=4 2. 5x —y—z=17

29, 6x + 6y + 6z = 11 M x+y+z=2 8. (a)x2=k,)2)2—22=21—kz,hyperbola(k;éil);
33 —13x+ 17y +7z=—42  35. 33x + 10y + 42 = 190 y=*h o= 1= kz, hyperbola (k  =1);
M x—2+4z=-1 39.3x—8 —z=—38 z=kx’+y =1+, circle

(b) The hyperboloid is rotated so that it has axis the y-axis

4. (c) The hyperboloid is shifted one unit in the negative y-direction

43.

11. Elliptic paraboloid with axis the x-axis

45. (2,3,5) 41 (2,3,1) 48 1,0,—1

51. Perpendicular  53. Neither, cos™'(5) =70.5°

55. Parallel 5

5. @ x=1Ly=—-tz=1t (b) COS_I(3—\/§) =~ 15.8°

58.x=1,y—2=—z 6. x+2y +z=95
63. (x/a) + (3/b) + (z/c) = 1

65. x=3ty=1—1tz=2-2

67. P, and P; are parallel, P, and P, are identical
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APPENDIX1 ANSWERS TO ODD-NUMBERED EXERCISES A115

15. Hyperboloid of two sheets x BlEy+1)P=@x-2+E—-1)
Circular cone with vertex (2, —1, 1)
and axis parallel to the y-axis

17. Ellipsoid -
40,0,1)
-~

19. Hyperbolic paraboloid

43. y=x*+ 2" 45 —4x = y* + 2%, paraboloid

21. vl 23. 11 25 VI 21. VII o 32 2 -
! i _
. P @ [(378 137) {(’3317’8.]3?‘]'T (6356.523)°
29, y'=x*+ % (b) Circle (c) Ellipse
51,

Elliptic cone with axis the y-axis

2 CHAPTER 12 REVIEW = PAGE 858

x
Ny=7- 2 True-False Quiz
1. False 3. False 5. True 7. True 8, True
Hyperbolic paraboloid 11. True 13. True 15. False 12. False
19. False 21. True
Exercises
L@E+1)+3 -2 +@E-1"=6
® -2+ E—17=68x=0
(c) Center (4, —1, —3), radius 5
3. u-v =232 |uXv| =32 out of the page
L, =2 R 5 —2,—4 7.@2 () -2 (-2 (@O
B+ - =1 9 cos'(})=~71° M. (a) (4,-3,4) (b) VA2

13. 166 N, 114 N

15. x=4-34,y=—-1+2t,z=2+ 3t

1. x=-2+2t,y=2—t,z=4+5¢

19. -4x+3y+z=-14 2. (1,4, 4) 23. Skew
Box+y+z=4 21 22/,26

Ellipsoid with center (0, 2, 3)
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A116 APPENDIXt ANSWERS TO ODD-NUMBERED EXERCISES

29. Plane 31. Cone 15.

27

=Y

=2 f

L/
~ .

0,1,2)

1,101,

X i

~3ix
35. Ellipsoid ==
I

©,1,-2) -1 1
3 4P+ y'+22=16
-2
PROBLEMS PLUS = PAGE 861 1. r() = (2 + 41,21, —2), 0 <t < 1;
1.(J§—%)n1 x=2+4+4,y=2z=-2t,0=<1=<1
3@ E+D)/(20=0-)c*-1)=0—-c)/(c*+1) 19, r(y) = <§t, —1+%1- %t), 0=st=<1,
b) x* +y'=r+1z=t (c) 47/3 x=3y=-1+3z=1-30=sr=1
520 2101 28V BIV
21. i 29. (0,0,0),(1,0,1)

CHAPTER 13

EXERCISES 13.1 ® PAGE 869
1. (-1,2] 3i+j+k 5 {(—1,4/20)

7L

1. 2 13.

-
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APPENDIX 1 ANSWERS TO ODD-NUMBERED EXERCISES Al117

B

1 (a) (c) » (b) r'() =2ei +e'j

! 9. r'(f) = {tcos ¢t + sint, 2¢, cos 2t — 2t sin 2¢)

= nrp=i+(1/Vi)k

13. () =22 i + [3/(1 + 301k 15 r'() =b + 2zc
17 (4,38 19 1j+4k

M rH=ti+5 - Dj+10*+ Dk
43. r(t) = costi +sintj+cos2tk, 0t <2

45. x =2cost,y =2sint, z =4 cos¥ 47. Yes 21. (1,24 31%), <1/\/ﬁ, 2/\/ﬁ, 3/\/ﬁ), (0,2, 6r), (61>, —6¢,2)
2. x=3+ty=2,z=2+ 4t
EXERCISES 13,2 ® PAGE 876 B.ox=1-ty=tz=1-1
1.@) 2.r()=C-Mi+@d+3j+2-60)k
. ’ ONKR 2. x=t,y=1—t,z=2
e N rd.5) - rid) Nx=—m—t,y=am+tz=—1t
A ’ 3.66° 35.2i—-4j+32k 3Mitj+k
v(d.2) 39. tansi+ 5@ + ' + (7 — )k + C
P"[“"r“” o i+ 0j+ (300 - )k
= 47. 2tcost+ 2sint — 2 cos fsin ¢ 49, 35
0 ¢ x

EXERCISES 13.3 = PAGE 884

1.10/70 3. e—e' 5 5(13¥2—8) 7. 18.6833
9. 12780 11, 42

13. ¥(£(s)) 2 i+ 3 j+is+ .

N S) = —F7—8§ - 7= 7S
/29 V29 / V29

15. (3sin1,4,3 cos 1)

17. (a) (1/4/10, (=3/4/10 )sin 1, (3/+/10 )cos 1),
{0, —cos t, —sin#)  (b) &

1
19. (a) m(ﬁe', 62’, —1>,
(b) V2e/(e* + 1) -
2. 6509 + 4% 23 % 25 54/
22, 12x%/(1 + 16x5)2 29, &x + 2|/[1 + (xe* + &%)
3. (—é 1u2, l/ﬁ), approaclies 0 B.@F (L) 13,07
r'(4) 3.
[r'@|
(b) v'(1) = (1, 2¢)

(b), (@)

_1
e’ + |

(1 - e 2e', V2¢')

r(4d + h) — r(4)

P 1 T@) =

(c) r'(4) = lim

3. (a), (c)

37.

k(N
(LGS

5. (a), () (b) r'() =cos ti— 2sintj

39, gisy = f(x), bisy = «(x)
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A118 APPENDIX | ANSWERS TO ODD-NUMBERED EXERCISES

6+/4 cos*t — 12 cost + 13

N k() = (17 — 12 cos 1)'*

it

integer multiples of 27

0 2w 47 6I1r 1

43, 613/(41> + 944y

45, l/(\/iel) 41. (%a %, %)5 <_%: %5 _%)7 (_.%5 %; %)
49. y=6x+ mx + 6y =
51 (x +3) 2

-75 k/
53. (—1,-3,1)

585. 2x +y+4z=7,6x — 8y —z= -3
63. 2/(t* + 42 4+ 1) 65. 2.07 X 10" A =~2m

EXERCISES 13.4 » PAGE 894
1. (a) 1.81 — 3.8 — 0.7k, 2.0i — 2.4j — 0.6k,
2.8i + 1.8j — 0.3k, 2.8i + 0.8j — 0.4k

(b) 2.4i — 0.8 — 0.5k, 2.58
Iv)=(-¢t1)

a(f) = (=1,0)
[vi | =2+ 1
5. v(f) = —3sinzi+ 2costj ¥
a(t) = —3costi— 2sintj 0,2) T~ *(lar) (2.3)

[v(ty] = /5 sin?r + 4

7. v() =i+ 2]
a(f) =2j

V0| = VTF a7

9. (2t + 1,2t —1,3r%),(2,2,61), JOrt + 8 + 2

M. SZitej—e'kej+te ke +e'

13. e'[(cost — sin )i + (sint + cos )j + (¢ + k],
e'[-2sinti+2costj+ (t+ 2)k], e'\/12+2t+3

1B vi)=ri+2j+kr@)=0GE+Di+2j+1k

17. (a) r(t)=(%t3+t)i+ (t—sint+ 1)j +($—%cos2t)k
(b)

-‘-\-\_‘-‘_"H-._._ n
x ~200 1

19. /=4 2L r()=ti—1j+32k|v@)| =252 +2
23 (a) =3535m (b) ~153Im (c) 200 m/s
25 30m/s 21 =10.2°, ~79.8°
29. 13.0° < 6 < 36.0°, 55.4° < 6 < 85.5°
31. (250, —50, 0); 104/93 = 96.4 ft/s
33. (a) 16m (b) =23.6° upstream
20 12

| .
L ) t J

—4 —12

35. The path is contained in a circle that lies in a plane perpen-

dicular to ¢ with center on a line through the origin in the direction

of ¢.
37. 6,6 39.0,1 &l.e—e" 2
43. 45cm/s%,9.0cm/s? 45, f =1

CHAPTER 13 REVIEW » PAGE 897

True-False Quiz
1. True 3. False 5. False 1. False
9. True 11. False 13. True

Exercises

1. (a)

b) r'(®) =1i— mwsin mtj + wcos wtk,

r"(tfy = —@’cos mtj — 7t sin wtk
dr()=4costi+4sintj+ (5 —4cosnk, 0s1<2q
51— Q/m)j+ @/mk 7. 8.631 8. /2

TN ORGAANNAETES

) (4261 =+t =282 —)/Jt5+ 5" + 61 + 512+ ]
(€) VIF + 50+ 66 + 5T /(¢4 + 2+ 11

13. 12/17°% 5. x -2+ 27 =0
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17.vid)=QQ+hdi+j—e'k
[v@®)| =2 +2Inr+ (In + e a@) =(1/)i+ e’k
19. (a) About 3.8 ft above the ground, 60.8 ft from the athlete
(b) =214t (c) =64.2 fi from the athlete

21. (c) —2e'vy+e'R

23. (a) v = wR(—sin wti + cos wt j)

() a =—w’r

PROBLEMS PLUS = PAGE 900

1. (a) 90°, v3/(29)

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

7. r(u,v) =c + ua + vbwhere a = (a,, a,, a5),

b = (b, by, b3), ¢ = e\, ¢3, ¢3)

CHAPTER 14

EXERCISES 14.1 = PAGE 912

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

(¢) 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. =94.2; the manufacturer’s yearly production is valued at $94.2
million when 120,000 labor hours are spent and $20 million in
capital is invested.

5. (a) =20.5; the surface area of a person 70 inches tall who
weighs 160 pounds is approximately 20.5 square feet.

1. (a) 25; a 40-knot wind blowing in the open sea for 15 h will
create waves about 25 fi high.

(b) £(30, 7 is a function of # giving the wave heights produced by
30-knot winds blowing for ¢ hours.

(c¢) f(v,30) is a function of v giving the wave heights produced by
winds of speed v blowing for 30 hours.

9. @l @ R ()[-1,1]

1M.(a3 O {Ern)x2>+y*+22<4,x=0,y=0,z2=0}
interior of a sphere of radius 2, center the origin, in the first octant

1B {(x,») |y <2x} v
0“ A
y=2x
1.2 2
15. {(x,y) | 532 + y? < 1}, (=0, In 9] ~
;lx1+y1=l
(/»-""_ "'“--.._‘\
e O ._‘I, x

APPENDIX1 ANSWERS TO ODD-NUMBERED EXERCISES A119

17 {y)|-1sxsl,-1=sy<1} ’

19 {(x,) |y =% x # =1}

N {(x,p,2) | x*+y*+ 2= 1}

23. z = 1 + y, plane parallel to x-axis E

25. 4x + 5y + z = 10, plane

21, z =y’ + 1, parabolic cylinder

Copyright 2010 Cengage Learning. All Rights Rescrved - May not be copied, scanned, or duplicaled, in whole or in part. Due lo electronic rights, some third party content may be sipyiressal from the eBook and/or eChapter(s)

Editorial roview has deemed thal any content does not

alfect the overull leaming experience. Cengage Learning reserves the right lo remove additional conlent al any (ime if subsequent rights restrictions require it



A120 APPENDIX T ANSWERS TO ODD-NUMBERED EXERCISES

29 2=9—x2— 9y
elliptic paraboloid

N z=J4— 47— 2,

top half of ellipsoid

, =56, =35 35. 11°C, 19.5°C 37. Steep; nearly flat

5. x4+ Qi =k

53.

59. (a) C (b) I 61. @) F (b) I

63. (a) B (b) VI 65. Family of parallel planes

67. Family of circular cylinders with axis the x-axis (k > 0)
69. (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

n.

J appears to have a maximum value of about 15. There are two
local maximum points but no local minimum point.
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The function values approach 0 as x, y become large; as (x, y)
approaches the origin, f approaches + or 0, depending on the
direction of approach.

75. 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).

77.¢=-2,0,2 719 (b) y=0.75x + 0.01

EXERCISES 14.2 m PAGE 923
1. Nothing; if / is continuous, f3,1) =6 3. —3

5 | 7.2 9. Does not exist
13. 0 15. Does not exist 12. 2
19. \/3— 21. Does not exist

23. The graph shows (hat the function approaches different num-
bers along different lines.

25, h(x,y) = 2x + 3y - 6)* + 2x + 3y — 6;

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

27. Along the line y = x 29. [R? 3G,y | X+ # 1}
33 {(x, ) | x* + y? > 4} B Ay 2) | xP+y T2 s 1}

37. {6, ]| (x»)# 0,0} 39.0 #. —1

11. Does not exist

fis continuous on R?

EXERCISES 14.3 = PAGE 935

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  (¢) 0

APPENDIX 1 ANSWERS TO ODD-NUMBERED EXERCISES A121

5. (a) Positive  (b) Negative

1. (a) Positive  (b) Negative

S.c=fb=foa=/

1. £.(1,2) = —8 = slope of C}, £,(1,2) = —4 = slope of G,

13.

filx,y) = 3x%y?

15 filx,y) = =3y, fi(xy) = 5y* — 3x
12. f(x, ) = —me 'sin mx, fi(x, 1) = —e ' cos mx
19, 9z/0x = 20(2x + 3y)°, 8z/9y = 30(2x + 3y)°
2. £ y) = 1y, flx.y) = —x/y*
(ad — be)y (be — ad)x
B flxy) = (ex + dy)’ Hoy) = (ex + dy)
25, g.(u, v) = 10uv(u®v — v*)*, g,(u, v) = 5@W* — 30 o — v*)*
i’ 25
2. Rp. 4) =g Ralps @ = T
29. Fi(x, y) = cos(e®), F(x, y) = —cos(e”)
M. fi=z— 10xp’2, f, = — 15772, f; = x — 20x7y?7°
33. dw/ox = 1/(x + 2y + 32), ow/dy = 2/(x + 2y + 32),
dw/dz = 3/(x + 2y + 3z2)
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A122 APPENDIX I ANSWERS TO 0DD-NUMBERED EXERCISES

35, du/dx = y sin”'(yz), du/dy = x sin~'(yz) + xyz//1 — y2, EXERCISES 14.5 = PAGE 954
dujoz = xy*/J1 — yz2 1. 2x +y)cost + 2y + x)e’
3N ho= %xy cqs(z/t), hy=x* Sos(zz/t),. 3. [(x/d) — ysin/JT+ 2"+
h, = (—x*/1) sin(z/0, h, = (x’yz/1*) sin(z/?) 5. "2 — (x/2) — Cxy/z})]
. aufax=x/Nxi+txit ot x 7. 3z/as = 2xy’cos 1 + 3x*y’sin,
M.; M. 45 fi(xny) =y -3, flny) = 2xy — X dz/ot = —2sxy’sin 1 + 3sx’y’cos 1
a7, 2 __x 8z Y 9. 9z/ds = t* cos O cos ¢ — 25t sin 6 sin ¢,
ox 327 oy 3z az/at = 2st cos 0 cos ¢ — s sin Osin

. Z_)Zc= ezy—zxy’g—)zf= e"izxy " a—z=e"<tcos()—#sin 0)
5. (2) S0, g0) (0 S + ). S + ) o e
83. fix = 6xy° + 24x’y, fi, = 15x°p% + 8% = £, f5, = 20x7y° ﬂ = e'(s cos 6 — =0 sin 0)
55. w,, = 0%/’ + "), w, = —ur/@® + v?)? = w,, ar NGRS
W = u}/(u + 1) 13.62 15 7,2
57, zoo = —2x/(1 + x°)% 25, = 0 = 25, 2, = =2y/(1 +»7)? 17. ﬂ=6_ua_x 9u 3y 8_u=8_ua_x+ 9u dy
63, 24xy” — 6y, 24x’y — 6x 65 (2x’pz" + 6xyz’ + 2z)e ar dx 9r @y dar’ds  ax a5 Ay as’
67. 0c"’2sin@ + Ocos O+ rsind)  69. 4/(y + 22)*,0 ﬂ=6_uﬂ+ ou oy
N 620 T ~122,~168,~2325  83. RY/R? o ax at ay ot
876_T=V—nbéili=2nza_ nRT 19, Jw _ 0w or  owds | dw ot

" P nR oV Ve (V — nb)? ax A ex  as ax 9t ax’
93. No % x=1+14,y=2,2=2-2t 99 =2 (50 _ [Sitlllli iy nJONOS R M

dy  ar ay  as ay ot ay
21. 1582, 3164, —700 23. 2w, 2w
s s s 2x + ysinx

- cosx — 2y
L+ xy* + 7 +x' = 2

29.
X =2y — Wy
2 i
. _i, _ =¥ 33, L’L
. xty 4 Ayl — b % — 4x"y? — xyvt 3z 3z et —xy e —xy
b) £0y) == (x* + 3" A == (x? + ') 3. 2°C/s  31. = —0.33 m/s per minute
(¢) 0,0 (e) No,since fi, and f;, are not continuous. 39. (@) 6m’s  (b) 10m%s (c) Om/s

N, =~-027L5s 43 —1/(124/3) rad/s
45, (a) 0z/dr = (9z/3x) cos 8 + (8z/dy) sin &
dz/a8 = —(dz/8x)r sin 6 + (dz/dy)r cos @

lLz=-Tx—-6y+5 3 x+y—12z= 51. drs 0%z/ax? + (dr? + 452)0%2/0x dy + 4rs 3%2/dy” + 2 8z/dy
. x+yv+z=0

EXERCISES 14.4 m PAGE 346

9.
EXERCISES 14.6 = PAGE 967
1 1. ~—0.08mb/km 3. =0.778 5 2+ 3/2
0 7. (@) Vf(x,») = (2 cosx + 3y), 3 cos(2x + 3y))
. () (2.3) (0 V3-3
9. (a) (2xvz — vz, x%z — xz°, x%y — 3xyz%)
(®) (=3,2,2) (¢} 3
4—3/3
) M. ——> 13, —-8/,/10 15 4/,/30
M 6x+4y—23 13 sx—2y+% 15 1-—my 10 W1 30
19, 63 21 2x + 2y + £2,6.9914 15 19.2/5  21../65,(1,8)
23. 4T + H — 329; 129°F 23. 1, (0, 1) 25.1,(3,6,-2)
25, dz = —2e™* cos 2t dx — 2me”?" sin 2mrt dt 2. (b) (—12.92)
2. dm = Sp*¢P dp + 3pgi dg 29. All points on the line y = x + 1
29. dR = B?cos yda + 2apB cos ydf — aB’sin ydy . (a) —40/(3+3)
N Az=09225,d:=09 33 Sdcm> 35 16cm’ 3. (a) 32/¥3  (b) (38,6,12) (c) 2+/406
37. =—0.0165mg; decrease 35. & 39 2
39. 5 =00590 41.23% 43 ¢ =Ax, 5 =Ap M.(@x+y+z=I11 (b)x—3=y—3=z—35
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X - =
(b)2_3_12

4. (ayx+y+z=1 B)yx=y=z-1
47. 49, (2,3),2x +3y=12

T

i

2+ 3v=12-+

43. (a) 2x + 3y + 12z =24

5.No 5. (-}, -1,%)

63. x=—1-10,y=1—-16t,z=2 — 12r

67. Ifu = (a, b) and v = (c, d), then af; + bf, and cf; + dJ, are
known, so we solve linear equations for f; and f,.

EXERCISES 14.7 m PAGE 977

1. (a) fhas a local minimum at (1, 1).

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

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

5. Minimum f(;, —3) = -1

7. Saddle points at (I, 1), (=1, —1)

9. Maximum f(0, 0) = 2, minimum f(0, 4) = —

saddle points at (2, 2), (=2, 2)

11. Minimum f(2, 1) = —8, saddle point at (0, 0)

13. None 15. Minimum f(0, 0) = 0, saddle points at (*1, 0)
17. Minima f(0, 1) = f(m, —1) = fQw, 1) = —1,

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

21. Minima f(1, 1) = 3,/(=1, 1) =3

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

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

25. Minima f(0, —0.794) = —1.191, f(*=1.592, 1.267) = —1.310,
saddle points (£0.720, 0.259),

lowest points (+1.592, 1.267, —1.310)

27. Maximum £(0.170, —1.215) = 3.197,

minima f(—1.301, 0.549) = —3.145, £(1.131, 0.549) = —0.701,
saddle points (—1.301, —1.215), (0.170, 0.549), (1.131, —1.215),
no highest or lowest point

29. Maximum f(0, =2) = 4, minimum f(1, 0) = —1

31. Maximum f(x1, 1) = 7, minimum f(0, 0) = 4

33. Maximum (3, 0) = 83, minimum f(1,1) =0

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

an. ——

APPENDIX 1 ANSWERS TO ODD-NUMBERED EXERCISES A123

3. 2/y3 4 (2,1,45),(2,1, =/5) a3 e W
45, 8°/(3/3) 413 49, Cube, edge length ¢/ 12
51. Square base of side 40 cm, height 20 cm 53. L3/ (3 ﬁ)

EXERCISES 14.8 = PAGE 987

=59, 30

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

. Maximum f(0, =1) = 1, minimumf(+2 0) -4

. Maximum (2, 2, 1) = 9, minimum f(-2, =2, —=1) = -9
. Maximum 2/+/3, minimum —2//3

11. Maximum +/3, minimum 1

13. Maximum f(i,;,;,;) 2,

minimum f( 1, -1 -1 ——;) =-2

15. Maximum f(1, V2, —v2) =1 + 24/2,
minimum f(] —\/_ J—) | —2J2

17. Maximum 3, minimum 5

19. Maximum £(3/v2, —3/42) =9 + 122.
minimum f(—2,2) = -8

21. Maximum f(=1/v/2, ¥1/(24/2)) = '*
minimum f(+1/v2, =1/(24/2)) = &'
29-41. See Exercises 39—53 in Section 14.7.
43. Nearest (2, Bb z) farthest (=1, —1, 2)

45. Maximum =9.7938, minimum = —5.3500
47. @) ¢/n  (b) Whenx; =x,=---=2x,

W NG W =

CHAPTER 14 REVIEW = PAGE 991

True-False Quiz

1. True 3. False 5. False 7. True 9. False
11. True
Exercises
1L {y)|y>-x-1} 3
\\ L
~
b
.
\\
_1‘\\ X
-
\\
\\
y=—x—1 \\
I N
5 y 7. >
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A124 APPENDIX1 ANSWERS TO 0DD-NUMBERED EXERCISES

9,2

1. (a) =3.5°C/m, =3.0°C/m  (b) =0.35°C/m by
Equation 14.6.9 (Definition 14.6.2 gives =~1.1°C/m.)

() —0.25

13. f; = 32xy(5p* + 2x%), f, = (1637 + 120y*)(5p° + 2x%)’

24’ 20°B
5 E=— ot In(a® + B%), F = ey
uﬁ 4]

17. S, = arctan(vy/w ), S, = 5o’ Sw= kil ofa)
19. fo=24x,fo=—2y=fio fp= —2x

2. fu=kk— Dx*yl", [, = kx" YT =,

S = kmx* 1y = £ = K — 1)ty

e =Imx*y""' 2" = £ o= m(m — Dxtylz"?
— 1 +2 -1
25 (@) z=8x+ 4y + 1 (b)xg =J’4 -=

x—2 y+1 z-1

2. ) 2x — 2y —3z=3 (b) 7 ) 6

29. (@) x + 2y +52=0

O x=2+10y=-1+2tz=>5¢

N (2.3, -1),(-2, -3 1)

33 60y + 2y + 22 — 120; 38.656

35. 2xy*(1 + 6p) + 3x*yX(pe’ + e*) + 42%(p cos p + sin p)
37. —47,108

43, (2xe’”, x2z2%7, 2xyze’) 45, -3

a1. J145/2,(4,2) 49, ~% knot/mi

51. Minimum f(—4,1) = —11

53. Maximum f(1, 1) = 1; saddle points (0, 0), (0, 3), (3, 0)
55. Maximum f(1, 2) = 4, minimum (2, 4) = —64

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

59. Maximum f(++/2/3, 1/4/3) = 2/(3/3),

minimum f{*+/2/3, —l/ﬁ) = —2/(3\/5)

61. Maximum 1, minimum —1

63. (£37'/4, 37142, £34), (£3714, 3714 /7, £3'4)

65. P(2 — \/3), P(3 — V3)/6, P23 — 3)/3

PROBLEMS PLUS = PAGE 995

1. 2w L'W? 3. (a) x = w/3, base = w/3 (b) Yes

1. V3/2,3/V2

CHAPTER 15

EXERCISES 15.t & PAGE 1005

1. (a) 288 (b) 144 3. (a) 0.990
5. (4 (b) -8 12U<V<L
9, (a) ~248 (b) ~155 1. 60 13 3

15. 1.141606, 1.143191, 1.143535, 1.143617, 1.143637, 1.143642

(b) 1.151

EXERCGISES 15.2 = PAGE 1011

1. 500p°, 3x  3.222 5 320e'—1) 718
9. %m2 1Y 1.7 150

17.9In2  19.3(3-1)— 37
23.

2. 3¢ +3

%51 2% 22 3¢
33, 2le — 57

/B30
39. Fubini’s Theorem does not apply. The integrand has an infinite
discontinuity at the origin.

EXERCISES 15.3 m PAGE 1019
1.3 3% s&sidsinl 1Y eoa
M. (@) » (b) v

0| X

13. Type L D={(x,y) |0 <x=<1,0=<y=<x},
typel: D ={(x,y) |0=<y<l,ysx<l}3

15. Jnl ‘['f/;y dy dx + [‘I“‘ sz ydydx= IEI J‘;’-’ny dx dy = %
17.5(0 —cos 1) 194 2.0 23 25 %

21.6 292 3.t 33.0,1.213;0713 35 ¢
3 -

39. 13,984,735,616/14,549.535
11. =/2
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APPENDIX1 ANSWERS TO 0DD-NUMBERED EXERCISES A125

43. [} ' f(x, ) dy dx 23. pa*w/16, pa*w/16;a/2,a/2

__ 16384 2

5. m=37/64, (x,v) = (7] 03957 ,0),
S 4 S5 4 S5

_——— - — = — + ] —_ —_—
K 384 105’]’ 384 105" 192
2. (a) 5 (b) 0375  (c) & = 0.1042
29. (b) (i) "2 = 0.8187
(i) 1+ e — e — ¢! ~ 03481  (c) 2,5
31, (a) ~0.500 (b) =~0.632
3. (@) [], K[1 — 5/&x = P + (5 — )| d4, 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

4. f, [ 7 f(x.y) dx dy )

a1. (" [5f(x,y) dxdy EXERCISES 15.6 = PAGE 1040

1. 1526  3.3y14 5. 12sin'(3)

1. (7/6) (17417 — 545) 9. Quw/3)(2v2 - 1)

M. a¥(m — 2) 13. 13.9783  15. (a) ~1.83  (b) ~1.8616
7. 5VTE + B mf(11V5 + 3¢70)/(34/5 + ¥70)]

19. 33213 2. (#/6)(101/101 — 1)

49. 5" —1) 51.i1m9 83.3(242-1) 551

57. (T}'l6)e"/”’ < [[,e"Vdd< m/l6 8.7  63. 9m
6. u’b + 2ab® 61 ma®h EXERCISES 15.7 m PAGE 1049

1.2 3% 53 -3 9% 1.99/8
EXERCISES 15.4 ® PAGE 1026 B.5 6w 1L16w/3 1T 25

1 1

1 [ freos 0, rsin®)rdrdo 3. [1 (¥ f(x,y) dy dx 3@ [, [ \/I—sz dydx  (b) 3m—3
5. , 3/ 25. 0.985

21.

| 0 9, (7/4)(cos 1 — cos 9) T

3 2 d—x' Ljf-_,

1. (71'/2)([ —e™) 13. 15. 7/12 2. 2, .I—\._ W2 S, y, 2) dz dy dx

i e Sy, 2)dzdx d

17. Z + V3 19 % 2A.in  B.ind o o 4

3 2 _ [-1 4 —d2! |~4- . f(x, , 7) dx dy dz
1Jo o=yl
5. Qa1 - (1/42)] 21 Bay3) 64 — 2443) N =
29 '7(1 —cos9) 31 242/3 33 4.5951 bo ) -y S\ Yy Y
. 4—x'—4z?
35, 18007 ' 3. 2/(a+b) 39, % = L1000 b S (x, y, 2) dy dz dx
a. (a) Jm/4  (b) J7/2 = [ L T f( y, 2) dy dx dz
2—v/2

EXERCISES 15.5 ® PAGE 1036 2, Ly, ) dz dy dx

1.285C 3. 42k (2,%) 5 6, (J,Z; 7. &k (0,4) = [ B " f(x, p, 2) dz dx dy

8. L/4,(L/2,16/9m) 1. (5. 37/16)  13. (0, 45/(14m)) = I ) dx dy dz

15. (Za/ 5, 2a/5) if vertex is (0, 0) and sides are along positive axes ‘ ]

17 '1I5 ’%ki %k = JO i ./ .r fx V, Z) dX dZ dy

19. 7ka®/180, 7ka®/180, 7ka®/90 if vertex is (0, 0) and sides are =[P, " J‘, = f(x, y,2) dy dz dx

along positive axes ’ = \

0. pbh¥/3, pb*h/3; b/\/3, h/ 3 = IO [Ty, 2) dy dx dz
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A126 APPENDIX | ANSWERS TO 0DD-NUMBERED EXERCISES

. .[0 _fol’f(xy,z)dzdydx fofofo_’fxyz)dzdxdy
=hk lz H f(x,y, dedydz= [ 7 (7 f(x, p,2) dx dz dy
=Lk & &Sy, 7) dy dz dx = ) [ o [l /06,7, 2) dy d dz

35. J'o f: [ f(x,y, 2) dz dx dy =f0 B G,y, 2) dzdy dx

=Ll lf(x ¥, 2) dx dy dz =| lf"ﬂf(x,y,z)cixdzdy
=L EPrfeyddydede=], [ [ f(x,y,2) dydx dz

3. 64m 39 %, (85, %.38)

a. a’, (7a/12 7a/12, Ta/12)

43. I, =L =L=3%kL’ 4. jwkha’
41, (a) m = fil Pl 2+ y? dzdy dx

(b) (x,, z), where

x={(1/m) Jll J;IZ fo‘_"x\/xzﬂ“—yl dz dy dx
y=(1/m) fll J;ll .[(xl_y)’\/xz + y* dzdy dx
z= (]/m) J‘l J~1z J'ol—yz /x* + 2 dz dy dx
(c) f (x2 + yz)j/2 dz dy dx

. (a) .1277 + ﬁ

@) ( 28 30w+ 128 457 + 208 )
9 + 44° 457 + 220° 1357 + 660
() 51 (68 + 15m)
5. (a) 5 (b) & (c) s  53. L%/8
55. (a) The region bounded by the ellipsoid x> + 2y? + 32> =1
(b) 4/6m/45

EXERCISES 15.8 m PAGE 1055
1. (a)

{

%‘—\—\_._‘_\_‘_H_
/s ‘7_::' }\xﬂ s
3 ~ ¥
/ h K
| ¥
g -2
x I
1(4.2-2)

(2,243, -2) (0,-2,1)

3. (@ (V2,37/4,1) () (4,27/3,3)
5. Vertical half-plane through the z-axis
7. Circular paraboloid

9. (@) z’=1+rcos@ — r?
1.

(b) z = r*cos 20

13. Cylindrical coordinates: 6 < r < 7,0 < <27, 0<z=<20
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15. z Aq7

17. 3847 183+ %2  2n.24/5 Bix(V2-1)
%. (a) 1627 (b) (0,0, 15)

21. wKa¥/8,(0,0,2a/3)  29. 0

31. (a) [|[. A(P)g(P) dV, where C is the cone

(b) =3.1 X 10" f-Ib

EXERCISES 15.9 m PAGE 1061

1. (a) (b)
.///J} -<‘\ |-‘-‘H‘T
o PN
\\ 1
N2
3 3[ 3v2 32
(2’ f) (O’T’"T)
3. (a) @,37/2 7w/2)  (b) (2,37/4,37/4)

5. Half-cone 7. Sphere, radius 1, center ((), 5, 0)
9. (a) cos’p =sin’¢p (b) p’(sin’¢ cos’d + cos’P) =9
1. E

13.

BoOsp<s7/4,0<p=<cosd



1. 97/4)(2 — V/3)

19. [ [7 [2 f(r cos 6, r sin 6, 2) r dz dr d§

2. 312,50017/7 23. 16887/15  25. w/8

2. (V3 - Oma®/3 28 (a) 10w (b) (0,0,2.1)
31 (2) (0,0,5%) (b) 11Km/960

33. (a) (0,0,3a) (b) 4Kma’/15

3, 37(2 - 2),(0,0,3/[8(2 - v2)))

37. 5m/6 39 (442 —5)/15 4. 4096m/21
P 45. 1367/99

EXERCISES 15.10 = PAGE 1071

1. 16 3. sin0 —cos’8 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 =4 — ), y = $(u + 24) is one possible transformation,
where S ={(u,v) | " 1swus1,1<sv=<3}

13. x = u cos v, y = u sin v is one possible transformation,
where S = {(u |llsus L2,0=svs 17'/2}

15. —3 17. 67 19. 2In3

21. (a) $mabe  (b) 1.083 X 10" km?
23.4In8 2. 2sinl  2.e-—¢!

CHAPTER 15 REVIEW = PAGE 1073

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

Exercises
1. =640 3.4’ —4e+3 B jsinl 13
9. |7 [} f(rcos 6,  sin 6) rdr do

11. The region inside the loop of the four-leaved rose r = sin 26 in

the first quadrant

13. ;sin 1 15. lef — ] 17. {In2 19. 8
2. 81w/5 23.% 25 w/96 214
29176  31.% 33 2mad?/9
%@J(MG%

(o) L _12s 2l4 y= 1/«/35;=1/\/8

32. (a) (0,0, h/4) (b) ma*h/10

39. ]11(\/_ + \/_) +/2/3

M. % 43 00512

(©) =m(@® + bY)abck

APPENDIX 1 ANSWERS TO ODD-NUMBERED EXERCISES

5 @i (b3 ©s
a i - [_J’:& f(x,y,2)dcdydz 49. —In2  51. 0

PROBLEMS PLUS = PAGE 1077
.30 3.3sinl 7. (b)0.90

1. aben| = - 2=
.a(,’7T3 93

CHAPTER 16

EXERCISES 16.1 @ PAGE 1085
1. 3
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A128 APPENDIX 1 ANSWERS TO ODD-NUMBERED EXERCISES

19. The line y = 2x 29. ) ¥ —1/e (b)) 2
F(r(1)
45
4 _L
// F("(Jz))
////v
2 il " F(r)
= 0 H21
2. Vf(x,y) = (xy + De™i + x%7j —02
@
23. Vf(x, y, Z)=#i -
) G s 3N, M (1 — e M) 33 2k, (4/m 0)
+ 2 +‘.""3 + 22 i+ \/_-(J + y? o+ 2 k 36, (a) x = (1/m) fcxP(x: ¥, 2) ds,

y = (/m) [.yp(x, ,2) ds

z=(1/m) [.zp(x, y, z) ds where m = fc p(x, y, z) ds

(b) (0,0,3m)

3 L=k —3),L=k(mr—3}) 38277 4.3
43. (a) 2mai+ 6mbtj,0<r<1 (b) 2ma® + Imb?
45, =1.67 X 107 ft-Ib 47, (b) Yes 5. =221]

25, Vi(x,y) =2xi—j

21.
EXERCISES 16.3 = PAGE 1106
1. 40 3y =x*—3xy+2y" -8+ K
5. Not conservative 1 fx,y) =ye’* + xsiny + K
9 fe,y)=xhy+x3’ +K
1. (b) 16 13. () f(x,») =3x%p* (b) 2
15. (a) f(x,y,2) =xyz + 2> (b) 77
20 TII 3110 33 (2.04,1.03) 17. @) f(x,y,z) =ye* (b)4  19. 4/e
35. (a) () y=1/x,x>0 21. It doesn’t matter which curve is chosen.
23. 30 25. No 21. Conservative
31. (a) Yes (b) Yes (c) Yes
33. (a) No (b) Yes (c) Yes
EXERCISES 16.4 m PAGE 1113
.87 3% 512 7% 9 -247 1n-%
13. 47 15 —8e +48¢™' 1. —%  19.37 2. (c)}
23. (4a/3m, 4a/3m) if the region is the portion of the disk
EXERCISES 16.2 ® PAGE 1096 x? + y* = a* in the first quadrant
1. 41452 — 1) 3. 16384 52 73 21. 0

9. /57 M 5J/14e -1 13.He—-1) 152
17. (a) Positive  (b) Negative 19. 45
2N $—cosl—sinl 23 19633 25 15.0074 EXERCISES 16.5 m PAGE 1121
27. 3w+ 3 1. a0 (b)3 ‘
’ 3. (a) ze"i+ (xye’ — yze") j —xe’k  (b) yle’ + &%)
5 (@) 0 (b) 2/vx*+ y?+ 22
7. (a) (—e’cosz, —e*cosx, —e” cosy)
5 (b) e*siny + e’sinz + e sin x
9. (a) Negative (b) curlF =10
11. (8) Zero  (b) curl F points in the negative z-direction
13. f(x,y,2) = xy*’2" + K 15. Not conservative
17. f(x,y,z2) =xe” + K  19. No
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APPENDIX 1 ANSWERS TO ODD-NUMBERED EXERCISES A129

EXERCISES 16.6 = PAGE 1132 ﬁ 1 T
1. P: no; Q: yes 33 x—y+3z=3 35.—2—x—5y+z=?
3. Plane through (0. 3, 1) containing vectors {1, 0, 4), (1, =1, 5} 3. —x +2z2=1 39. 3./14 8. J1an
5. Hyperbolic paraboloid 43, A3 — 27 4 1) 5. (2#/3)(2«/5 — ])
E ‘ 0. 121 + 22 + V2T) — I yT7] 49 4
51. A(S) < /37R?  53. 13.9783
Jeomsant 55, (a) 24.2055  (b) 24.2476
§2. /13 + 2 1n[(1145 + 370)/(375 + +/70)]
59, (b)
0
9.

(©) J‘O’ﬂ J‘OW V36 sin*u cos’v -+ 9 sin'u sin?v + 4 cos?u sinu du dv
treonstant 61. 47 63. 2a¥(m — 2)

EXERCISES 16.7 = PAGE 1144

1.49.09 39007 5 11/14  1.3242-1)

9. 171/14 11, J21/3  13. 364/27/3

15. (w/60)(391y17 + 1) 11 16w  19. 12  21. 4

1. 231 % —igp 2.0 2948 3. 27w+3
33. 45822 35. 3.4895

32 [[F-dS =[], [P(oh{ox) — Q + R(3h/0z2)] d4,
where D = projection of § on xz-plane

39. (0,0, a/2)

M. (a) L= [[, (x> + y*)p(x,y,2)dS  (b) 43292 7/5
8. 0kg/s 85 3ma'sy 41 12487

v constant

EXERCGISES 16.8 m PAGE 1151
30 5 0 1. -1 9. 80w

131V 1511 17,11 1. (a) 817/2  (b) S
B x=uy=v—uz=—v 5 o : ' = |
N y=yz=z,x=1 +p* +]2? ESE==

23, x = 2sin ¢ cos f, y = 2 sin ¢ sin 4 20 E==t===c '
z=2¢cos h0<p=ufd0=0=2m =

orx=x,y=yz=f - 22— yixl+y’=< 2] -5 = 2 |
®ox—xy=4dcosfz=4dsing0<x<50<g=<2n 2T g2 Y

23, x=x,y=e"cos
z=¢"sin 6,0 =<x=<3
0=6<2m

(¢) x=3cost,y=3sing
z=1— 3(cos ¢ + sin f),
0=¢=<27w

31. (a) Direction reverses  (b) Number of coils doubles 17. 3
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