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Exercises Section 10.1

2a-3b

2a

2a-3b

9. (5,3),(—4,6),(6,12), +/290

39.

45.
51.
53.
55.
57.
59.
63.
69.
71.

37.

@ i )2f<«/’

@i () 41,00 41. (a) <

® V0 75 ) !
Zi+2j  47. (2V29.5V29) 49. (4,0)
10 pounds down, 20 pounds to the right

190 pounds up, 30 pounds to the right

(13, 17); right and up

(—80+/14, 20) or 3.8° north of west
(20,204/399) or 2.9° east of north ~ 61.
204101 pounds at 5.7°  65. 7,1,5

la+ bl = /58 < V13 + /17 = ||a| + |b|
a=cb(c>0);alb;||la+b|*>> ||a|>+ |b|*> whena = cb
for ¢ > 0 or when the angle between a and b in the triangle
formed by a, b, and a + b is obtuse, ||a + b||> < [la]|> + [|b])?
when a = ¢b for ¢ < 0 or when the angle between a and b in
the triangle formed by a, b, and a + b is acute, ||a +b|> =
lall> + |b]|> whena L b.

_\w
]
»—t"_‘
=
-

10 feet

Exercises Section 10.2

5.

1. 4i+j, —5i+4j, 3i + 6j, 510
13, (=3,3),(—4,0), ), 4413
15. —2i+3j,—121+4j,61+5j,4\/§
17. y y
~,
. a+b -
0 x 0, a+bh
a
b
19. parallel 21. not 23. parallel 25. not
27. (3,1) 29. (=3,-3) 3. (2,-3)
33 (=2,-3) 35 (@ (:.-2) b)) 5(¢ -2

(a) (b)
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9.
15.
17.
19.

21.

23.

25.

27.

29.

33.

35.
37.
39.
41.
43.
45.
47.

Appendix B Answers to Odd-Numbered Exercises
y
z
5 1. 3 13. /38

(3,4, =2), (-1, =8, =2),24/66
(3,3,4),(—13,-9,-4), 14
8i + 4k, —12i — 4j + 4k, 2186

1 3 1 1
+—@3,1,2) (b) VU {—=, ——, —
(a) m<,,)() <«/ﬁ >

VA

(@) +——(1,-2,3) (b) 2\/H<L _2
viat o JidJia
1 2, 1, 2

(@ +3Qi—j+2k) () 3<§i—§j+§k>

(@) ii(l 0,—1) (b) 2\/§<L 0 —L>
N/ V2ITV2

2
4,4, -2) —(2,0, 1)

31
NG

4
m(ZI Jj+3k)
=3+ -1 +Gc—4*=4
=2+ Y+ E@+3°=9
=P+ =D+ @E@+3°=5
sphere, center (1, 0, —2), radius 2
sphere, center (0, 1, —2), radius 3
sphere, center (1, 0, 2), radius NG
plane parallel to xz-plane 49. plane parallel to xy-plane

51. plane parallel to yz-plane 53. y=0 55. x=0
61. (2,—1,1),(4,—-2,2), yes
150
63. 1000 pounds up, — pounds west, — pounds south
P P 72 p 72 P
Exercises Section 10.3
5. 10 7. -8 9. -3 11. 10 13. 1

1 -2

15. cos™! — ~ 1.37 17. cos™! —— ~2.26
26 1

-8
19. cos' ——~212 21. yes 23. no  25. yes

234
27. possible answer: (1, 2) 29. possible answer: (1, 4, 0)
31. possible answer: j + 2k 33. 2, (g, %)
35. 2 (4i—3j) 37, 2,3(1,2,2)
39. -§ -20,-3,4
41. 105,600 foot-pounds 45. 920 foot-pounds
47. (a) false (b) true (c) true (d) false (e) false

1

49. a=cb 53. cos*'(—§> ~ 109.5°

57 200 17.8 Newtons
. e ——17. W
3414
59. —347 pounds 61. v-n=0,—wsin6, wcosb
63. 45° 65. $190,000; monthly revenue

Exercises Section 10.4

5.1 7. 4 9. (4,-3,-2) 11. (-9, -4, 1)
1
13. (0,4, 1) 15. (4, -2,8) 17. +——(8,1,-2)
| | A/69
19. +——(-3,-6,1) 2. £——(—1,-3,12)
/46 V154
7 13

23. sin”! — =~ 0.86 25. sin7! —— ~ 1.49

/85 170
2. [i~181 290 \[U~349
31. 9.4 foot-pounds 33. 10 foot-pounds 35. up
37. left 39. down, left 41. down 43. ball rises
45. ball drops, moves left 47. ball drops 49. no effect
51. ball rises 53. ball rises, lands softly
55. ball rises, curves right 57. false 59. false

114/3

61. true 63. 5 65. Tf 67. 10 69. 0
71. —i 73. -3j 75. yes 77. no

Exercises Section 10.5
5. @Qx=14+2t,y=2—t,z=-3+ 4

x —1 y—2 z+43
b = =
®) 2 -1 4
7. Qx=24+2t,y=1—t,z=3+1
x—2 y—1 z-3
b = =
®) 2 -1 1
9. (@ x=1-3ty=4z=1+1
x—1 z—1
b =——,y=4
b) — 7
1. (@ x=3+3t,y=1—4t,z=—1+ 2t
x—3 y—1 z+41
b = =
®) 3 —4 2
13. (QQx=2—-4t,y=—-t,z=1+2t
x—2 y z—1
b = — =
®) —4 -1 2
15. @ x=14+2t,y=2—t,z=—1+ 3¢
x—1 -2 z+1
® = :y—l -3
—13
17. cos™! ——= ~2.59 19. perpendicular  21.
/234 perp
23. intersect 25. parallel
27. 26— 1) —(y—3)+5(:z—-2)=0
29, 3x+2)+2z=0
3. 26—2)—7y—3(z—3)=0
33. 2x+2)+6(y—2)—3z=0
35. 3c0—2)—(y—D+2z+1)=0
37. —2x+4(y+2)=0
39 x—1D)—-G—-2)+@E—-1H=0

o

parallel
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41. 15. z
2
45. z 47. : 2o
hyperbolic paraboloid
4 4
2 2
— — )
0 B 0 R 17. z 19.
-2 i -2
4 02 4 2
- 2 2
420 2 a 420 2 4 ¢4
49. 51.

4
-10 -5 0 5 10

53. x:t,y:%t—%,z:%t—%

3 2
55, x=4t+1l,y=-3t—-8,z=t 57. 2 59. —
3 ’ V3
61. ﬁ 65. —4x—-—4)+2z-3)=0
ircul boloid 2 -1
67. intersect at (3,4, 4), collide if s = 1 whent =1 cireutar parabolol . 012
cylinder

Exercises Section 10.6

5. z 7.
o
7.5
5
25 §
0 X 0 -
R A
cylinder
9. 11.

. . 025 5 7. —4
circular paraboloid 7510

elliptic cone circular paraboloid ellipsoid
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1238 Appendix B Answers to Odd-Numbered Exercises

33. 3s. 12 > |,
1n (—,— 13. —Gi+j-k
<¢§ 5 Wi
15, (-%.0.%4) 17. V46 19. ﬁ(i—j + k)
21. (204/609, 80) or 9.2° north of east

23, 4+ (+22+2=36 25 0 27. -8
1 1
— =~ 146 3. — Li+2j+k

29. cos”!
hyperboloid of 1 sheet V84 Vo
33, (=2,1,4) 35. —4i+4j -8k
1
37. +—(-2,1,4 39. 1700 foot-pounds 41. 3
@< ) p
7. 39. 43. V41 45. 2 foot-pounds
47. (@ x=2—-2t,y=—14+3t,z=-3
-2 1
(e S
-2 3
9. @x=2+2y=—1+1itz=1-3
x—2 z—1
hyperboloid of 2 sheets (b) 2 - 2+ b= 3
5
51. cos™! — ~0.42 53. skew
V30
41. 55. 4x+5+y—-2z—-1)=0
57 4x—-2)—-(—-1D+2z-3)=0
59.
10
5
0
202 circular paraboloid -5
cylinder _10
elliptic paraboloid cylinder
45.
63.
8
6
4
2
0
4
49. (0,1, —1)and (0, —1, —1)

57. exercise 7: x =sin s cos t, y = 3sin s sin t, z = 2c0s s;
1 2.
;

exercise 9: x = 28COST,y = %s sint,z=-=s

exercise 11: x = 1+/s2cost, y = +/s?sint, z = s
59. possible answer: x = s cos f,y = ssint, z = 4 — s

67.

Chapter 10 Review Exercises

1. (-1,3),(4,0),5 3. 6i + 5j, —16i + 12j + 8k, 2+/94
5. neither 7. parallel 9. (—1,-2,3) plane hyperboloid of 1 sheet
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Appendix B Answers to Odd-Numbered Exercises 1239

71. 17.
4
-4 2 0 2 4 21.
hyperboloid of 2 sheets
CHAPTER 11
Exercises Section 11.1
5. z
5 25.
25 (3,1,1) | S (6,4.3)
[ ]
0 7 10,0,-1)
25 5
-5 0
5-25 >
=5 -2. 025 5 29.
7. z
2
1
0 . 0,2.-1)
forr=-1 T
-1 (1’2,_1; 2 2’2 33.
fort=0 /0
-2
-2 -1 0 1 2 2
9 y 11. y

35. @WF C @OE dA (B (f)D
37. 10.54 39. 21.56 41. 9.57

43. cos 2t = cosr? — sin

47. sameexcept —00 <x <00, —1 <x<1,0<x
49. periodic, not enough points

Exercises Section 11.2
5. (—1,1,0) 7. (1,1,—1) 9. does not exist
1. r#1 13, t;é%(nodd) 15 >0
1 6
Wirl

17. <4t3, > 19. (cos 1, 2f cos 1%, —sin 1)

o
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21.
23.

27.
31.
33.
39.

Appendix B Answers to Odd-Numbered Exercises

(216’2, 2t, 2 sec 2t tan 2t>
y 25. z

-4 4
4 2 0 2 4

1?2 —1, §t3/2) +c 29. (% sin 3¢, —cos , %e‘”) +c

Q
L
W

sint—3tcost,%ln(t2+1))+c
—%.3) 35 (43, 1—e?+1) 37. alls
t=0 d5. z=%(nodd) 51 false

Exercises Section 11.3

5.
7.
9.
11.
15.
17.
19.
23.

27.

29.
31.

33.
39.
43.
47.
51.

(—10 sin 2¢, 10 cos 2¢), (—20 cos 2t, —20 sin 21)

(25, =32t 4+ 15), (0, —32)

(4 — 8ne 2, —4e™%, —321), (=16 + 161)e™ %, 82, —32)
(10t + 3, —16 + 4t +8)  13. (51, —16¢* + 16)
(10t, =3¢~ — 3, —167> + 4t + 20)

(207 + 120 +5, —41, —81* + 2)
—160(cos 21, sin 2¢)
(=120 cos 2t, —200 sin 2¢)
% ~ 117 feet, 621\/5 ~ 271 feet, 100 ft/s

210 feet, 400 4 40+/105 2 810 feet, 8+/410 ~ 162 ft/s
810 feet, 1600 + 720+/5 ~ 3210 feet, 8+/1610 ~ 321 ft/s
quadruples 37. (60«/§t, 3 4+ 60t — 16£2), no

(130¢, 6 — 16£%), 2.59 feet 41. (1201, 8 — 167, no
3.86 sec 45. (271, 117,0)

a=100,b=—1,¢c =10 49. 56.57 ft/s

1275.5m

21. —960(cos 4t, sin 4t)
25. (60, 0)

Exercises Section 11.4

5.
7.

9.

11.

13.

15.

x =2cos(3),y=2sin($),0 < s < 4x
x:%s,y:%s,OfsfS

1
—-2), —=(3,2)

1
1,0), —=3,
(1,0) { NiE

V13
0, 1), (1, 0), (-1, 0)
1 1 1

—=(3,0,2), —(3,0,2), —(3,0,2
«/ﬁ( >«/ﬁ< ) ( )

4

10y
NG

19.
25.
33.
35.
41.

51.

2732 2 0.3536 21. O 23. 6(37)73/? =~ 0.0267
1 27. smaller 29. %, % 31. 1, %

max at (0, £3), min at (2, 0)

max at (0, —3), no min 37. 0 39. 0
curve straightens 43. false 45. true 49. % 10
1 1 25 1

2

—, —e~ 53. — >
V45 /45 52 10

Exercises Section 11.5

5.
7.
9.

11.

13.
17.

19.

21.

25.

27.

29.
35.

39.

(1,0) and (0, 1),

0, 1) and (-1, 0),
1

(1,2) and %(—2, 1)
—1,0) and (0, —1)
1

NG

Sl -

/\
—

(0,1,2) and (-1, 0, 0), (0,1, =2) and (1, 0, 0)

(1,0, 1) and (0, 1, 0),

Sl-5-&

[N

+- 1 =

=

Q
5

|

|
o+
5
a
Q
=
I

ar = 0and ay = /20,

- 2 d _4 20 4 72
VT e (ST
ar=0anday =a

neither; increasing 23.
1

—(2,-1,0
NG

1
,—(2,-1,0
)ﬁ( )

1
(0, =1, 4m),

1
_— ——(0, 1, 4n)
1+ 1672 1+ 1672
true 31. true 33. 10,0007%(—cos 7t, —sin t)
40,00077% (—cos 27t —sin 27t) 37. doubles
343
1< Tf -1 > |-

L
V2

Chapter 11 Review Exercises
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2
-4 -2 0 2 4 4

13. @B ®BC (A F (D ()E

15. 2737  17. (0,3 —1) 19. 1#£0
t 1
21. ,4cos 4t, —
<w2+1 f>

23. (—lem¥, —17222 —f)+c 25 (0,2,2)

27. (—8sin2t, 8cos2t, 4), (—16 cos 2t, —16 sin 2t, 0)
29. (P +4t+2,—1682 + 1)
31, (4r+ 2, —16> + 3t + 6)

(

33. (0, —128)
35. 252 — +/3) & 6.70 feet, 100 feet, 80 ft/s
37. %(—1,1,0), 674+1<—e—2,1,o>
39. %% 41. 0,0

43. %(0,1,1),(—1,0,0)

45. aT=0,aN= 2;aT: \/E,CIN: \/z
47. 345,600(—cos 6t, —sin 6¢)

CHAPTER 12

Exercises Section 12.1

5. y#—x 7. x+y+2>0 9.
1. —-1<f<l 13. f>-1 15.
17. (a) 312 (b) 333 (c) 350 (d) 19 feet

19.

=0
3,3

23.

Page 1241 $

27.

31.

35.

39.

43.

47.

Appendix B Answers to Odd-Numbered Exercises

29.

1241
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1242 Appendix B Answers to Odd-Numbered Exercises

5. @B D @A F (e C (HE 17 az_f_6 ’f S _ g
5. @A ®D (©C (@B e TN T T e T Y
3. z 19. foo =122 — 6%, fiy = —18x)% fiyy = —36xy

21 fu = 6xy7, fye = —cos yz + yzsinyz, fry,; =0
2 '2
23 fuo= 4%, fry =40 — % —xzsiny,
’ y
4
foyee = ——
¥y 3
25. fww = Z.Xy —_ Z2eWZ, f;vX_V = ZW, owxyz =0

27.

57. (a) B (b) A

59. no height visible 63. any point on the line (x, +/3x, 0)
65. upper left, restaurants, roads

67. left of center, power is increasing away from frame

69. max = 3.942, min = —0.57, HS 29
71. 60 mph, impossible ’

Exercises Section 12.2

5.3 7. -1 9.2
11. Alongx =0, L; =0; along y =0, L, = 3, therefore
L does not exist. 31.
13. Alongx =0, L; = 0;along y = x, L, = 2, therefore
L does not exist.
15. Alongx = 0,L; = 0; along x = yz, L, = 1, therefore
L does not exist.
17. Alongx = 0,L; = 0; along y* = x, L, = 1, therefore
L does not exist. 33.
19. Alongx = 0,L; = 0;alongy = x, L, = 5, therefore PV3 —n2aV + 2n3ab

| Hint: Hold pressure constant.
7

L does not exist. 1 3. & 39. (0,0,0) = min
21. Alongx = 1,L1=0;alongy=x+1,L2:§, mr nt
therefore L does not exist. 41. (7’ o 1) = max for m, n odd;
23. Alongx =0,L; = 0;along x* = y* + 2%, L, = 3, mm nw .
therefore L does not exist. (T’ B _1> = min for m, n odd;
25. Alongy = —x, L; does not exist, therefore (mm, n7, 0) neither max nor min
L does not exist. 43. 4,2 45 1,-2 47, 14,24
27. 0 29. 0 31. 2 33. 0 49. 2.2,0.0195 ‘
39. allx,y 41. > +y*<9 43. > —y<3 92f
2 2 2 1 53. — = —n’n’sinnmwxcosnmct
45. y#0 47. x+y +z7>4 49. 5 51. true 92 )
53. false 57. 1 59. 0 9 f
— = —c?n’x?sinnmx cosnwct
ar?
Exercises Section 12.3 5 0.5
5S. 137 ,—1+01(1 T)V’ inflation
— 2 442 - _ 3 . — R 2
S fe=30 -4 8xy + 4y 57. cosxcost, —sinxsin ¢ 61. <—>
7. fo=2xe, fy=1x%" — 4 1 Ry
9. fi=2xsinxy + x%y cos xy, fy = x> cos xy — 9y’ 63. 400, 3, decrease by 27
4 y 4x 1 67. concavity of intersection of z = f(x, y) withy = ypatx = x
1. f. = —e Y 4 = fr= P /5
y x0T y? x
13. f, =3siny + 124%%, f, = 3xcos y + 8z, f. = 4x%y? Exercises Section 12.4
—2x —2y
15. fi= T +z2)3/2’fy T 5. 4x -2 +2y-D—-z—-4H=0 7. z=1
_2; 9. —x—2z=0 1. 6x+2)+4(y—-3)—z—4 =0
=iyt orn B, 20 +3)+i0-4H-(-35=0

o
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15.
19.
25.
27.
29.
31.
37.
39.
41.
45.
51.
53.

20— 1) —(y—2)—(z—2)=0 17. «x
—X 21. —3x 23.
1 —-—12w+2)+4x—-3)+ 12(y — 1) + 22
3vs.3.0017, 3.1 vs. 3.1, 3.1 vs. 3.1016

0vs. 0, —0.1 vs. —0.0998, —0.1 vs. —0.0988
1.5552 £ 0.6307 33. 3.85 35. 4.03
2yAx + (2x + 2y)Ay + 2Ay)Ax + (Ay)Ay
2xAx + 2yAy + (Ax)Ax + (Ay)Ay

yes 43. (ye* + cosx)dx + e dy
fx(0,0) = £,(0,0) =0 49. 6 + 4x + 2y
34+x— %y

—9 + 1.4(t — 10) — 2.4(s — 10); —13.4

Exercises Section 12.5

5.
7.

11.

13.

19.

21.

23.

25.
31.

2t + >+ 1 — cos e)e!

d

% _ 512u®(3u* — vcosu)(u® — vsinu)
+ 1536u° (u® — vsinu)?;

ad
% _ 512u® sinu(vsinu — u?)

av
d d d

g = a—fx'(t) + —fy'(t) + ‘—fz'(t)
X ay 0z

8g 8f ox df dy 8g Bf dx df dy
du  dxou  dyadu dv  dx v dy dv’
ag 8f ox 8f By
aw  ax ow By w
—0.6271 15. 0.0587
92
ewr +2 Loy + 2L f Ly or
8
Lo+ L f ¥ (1)
% f + 2f By ax  df 3*x
ax2 \ ou dydx du du | dx du?
3*f ox 9 oaf o2
L oxay O (By\T Af @y
dxdy du du  Jdy* \ du dy du?
0z —6xz 0z 3z
dx  3x246z2 -3y’ dy  3x2+6z2 -3y

0z 3yze"* — 472 +cosy 9z _ 3xze™® —xsiny

84+ 12x+2)+y—8z—1)

dx  8xz—3xyeW: 'dy  8xz—3xyev:

2 points; halved

Exercises Section 12.6

5.
7.
9.

15.

(2x + 4y, 8xy — 5y%)
(e"-"'2 + xyze"yz, 2x2ye™”

(—8e™8 — 2, —16e7%) 11.

24643 17. 2—6J3  19.

23.

31.
33.
35.

37.

39.
41.
45.

47.

49.
51.

5S.
59.
63.
67.

Appendix B Answers to Odd-Numbered Exercises

(AL Y A

V5 V5 V29
-3), (—4,3),5, -5

)s
16, —4), (—16, 4), /272, —/272
(

(4,

{

(1,0), (=1,0), 1, -1

( V145 V145

% 7)’(_§’§)’T’_T

(16, 4, 24), (—16, —4, —24), /848, —/848

parallel

26— 1D +30+1)—2z=0,

The equation of the normal lineis x =14 2¢
y=—1+43¢t
z=—t

2+ D+4y —2)+2z—- 1) =0,

The equation of the normal line is x = —1 — 2¢
y=2+4
z=1+4+2¢

(0,0,0), (1, 1, —1), (=1, —1, 1)

s 53,
A

N

1243

possible answer: <— —2> 57. (2,-2)

3
(—tan 10°, tan 6°) &~ (—0.176, 0.105), 11.6°  61.

(1078, 2e78, Ze %) 65.

6x + 2

(0.8, 0.3, —0.004)

Exercises Section 12.7

5.
9.
11.
13.

15.

17.

19.

21.

23.

(0, 0) saddle 7.
(0, 1) relative min, (£2, —1) saddle
(0, 0) max

(0, 0) saddle, (1, 1) and (—1,

(%, O) local max, (—%, ()) local min
(0, 0) saddle, + (\/I : \/§> relative max,
+ <\/I, —ﬁ) relative min

(2.82, 0.17) relative min, (—2.84, —0.18) saddle,
(0.51, 0.99) saddle

(%1, 0) relative max, (0, —\/§> relative max, (0,

—1) relative min

V19 2

relative min, (0, 0) saddle, | £——=, —— | saddle
3/3 3

1.37x — 2.80 25. 9176 27. 247,104

=

3

2

(8,4)

(0, 0) saddle, (1, 1) relative min

)
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29.
31.
33.
35.
37.
39.
41.
43.

5S.

57.
59.
61.

63.

(a) 1.29 (b) 2.75
(—0.3210, —0.5185), (—0.1835, —0.4269)
(0.9044, 0.8087), (3.2924, —0.3853)

(0, 0) is a saddle point
f2,0) =4, f2,2) = -2
f(3,0) =9, f(0,0) =0
S0, y) = f(x, 0) = 0 min
f(—1,2) = —4 min 51.

false 53. false

extrema at <:I:%, :I:%) , saddles at (£nm, +nm)

extrema at £(1, 1), saddle (0, 0)

extrema (0.1, 0.1), saddle (0, 0)

dx,y) =& =32+ (+2>+ G —x>—)?)?,
(1.55, —1.03)

(1.6,0.8, —2.4) 65.

(1, 0),/(1, 0) < f(—10,0)

Exercises Section 12.8

5.
9.
13.

15.
17.

19.
21.

23.
25.

29.

31.

35.

39.
43.
47.

=%y=-2 7. x=2y=-1
x=1y= 1. x=1y=1
max = f(2,2) = (-2, -2) = 16,
min = f(2, —2) = f(—2,2) = —16
max = f(++/2,1) =8, min = f(£v2, —1) = —8
max = f(1,1) = e, min = f(—1,1) = —e
max = f(£+/2, 1) = 2e, min = (0, £+/3) =0
max = f(2,2) = f(—2,-2) = 16
min = (2, —2) = f(—2,2) = —16
max = f(£+/2,1) =8, min = f(+v2, —1) = —8
u=18 7=195feet  27. P(20,80,20) = 660

5

P( [ssor 4 [ssor. /%> ~ 660.0374989

660 + A = 660.0375

2 V2
x=y 33 f(—£,£>=ﬁ
272
T T T T 1
a=p=0=5:/(5%5%) "3
L=50,K=10 41. C(L,K)= C(64,8) = 2400
f4,-2,2)=24 45 f(1,1,2)=2

(a) (£1,0,0) (b) (0, £1, £1)

Chapter 12 Review Exercises

Appendix B Answers to Odd-Numbered Exercises

5. /"/“
[T { \
6 I"III HJ““‘ \‘\ .
+ (IS
it 2\
2 ’lﬂl’!f‘\}\\\{gg o
O N
-2
9. z
5
25 ‘
7 W
0 H{ \
H \\\
5| T
g e
aunifll 5
-3 2 -1 0 1
1. @D ®B (@©C @A (@F fE
13. (a) C (b) A (¢) D (d B 21. x#0
4 4x A
23, fi = y + A +xy)e, f, = 3 + x%e®
S _ L " — 3x2 — 3x2vsi
25. f, =6xycosy N fy =3x"cosy—3x“ysiny
29. —0.04,0.06 31. 45— 10(x +2) + 9%y — 5)
g
33. (x—n)+2<y— 3)
35, fur = 24x% + 6)°, fyy = 602, fiy = 8 + 12xy
37. 3y+1)—z=0
39, dx+4y—2)+2z—1)=0
41. 8e¥sinr + (b + 2sint) cos ¢
d 0 0 0
43. g'(1) = —fx/(f) + —fy/(f) + —fZ/(l) + —fW’(f)
ox ay 0z ow
g5, B XAy R XY g ey
ax Z dy z 2 2
7 1
49. —4 51. —— 53. +£——=(9, -8), £4/145
V5 «/145< :
55. +(1,0), 4 57. (16,2)
59. (0, 0) relative minimum, (2, £8) saddles
61. (3. 3%) relative max, (0, 0) saddle 63. 212,112
65. f(4,0) = 512, £(0,0) = 0
67. f(1,2) =5, f(—1,-2)=-5
o (J10) s (T
(V8 = ()=
71. (1, 1) 73. decreases, increases
CHAPTER 13
Exercises Section 13.1
5.6 1 %Y 9. —12 1. 40 13. %

2

o
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Appendix B Answers to Odd-Numbered Exercises 1245

29. m:%,f:—y:O 31. m:4,f:i—,i:§
33. Inexercise 30, p(x, y) is not x-axis symmetric.
35. p(—x,y) = p(x,y) 37. 1164

39. 1200(1 — e~%/3) ~ 583.899

15.

19.

_3%2 g7 _1® 5 _s12
41. m==3,1,=52, 1, =3
43. I, = %, %; second spin rate 13.6 times faster

45. 100.531, 508.938
47, 2 49. same 51. 3.792 53. 50.113

5
55. (a) total rainfall in region

2. 2 25, 128 2. & 2. o _ ] S‘b) alverage rainfall per unit area in region

3 2 57 y=1
31. 2In2sinl 33, ;#3
3 4 ) . .
3s. / / (2 + 3 dy dx = 90 Exercises Section 13.3 s
T
o " A I I
37. f f (x*+yHdydx = — 81
—1Jx2 105 15. 7 —me™* 17. 0 19. TH 21. %6
2 ey 704
—x— -7 81 16 8—33
3. L/O 6—x—ydxdy =5 m ST s 1Ty BB s
2 3 12
2 e 4 mor 167
41. yidydx =~  43. —1.5945  45. 1.6697 3. 7 33 / / r2drdo = —
o Jo 3 o Jo 3
2 1 4 x/2 /2 2 ) T
47. f f(x,y)dxdy 49. / / f(x,y)dydx 35. / / re " drdd ==(1—e*
0 Jy2 o Jo -n/2J0 2
4 plny 2 py ) /2 p2V2
51. f fx,y)dxdy 53 / / 2" dxdy=¢'—1 37, / / rtdrdd = 32/ 39. 1—e 192006
1 Jo 0o Jo =4 Jo 5 31
55. /1 / 3xedydx =e—1 41, 55 (e72/10 — ¢719) 2 0.000000033 43, 3—2’(1)
0 0
45. x=0,y=32  47. 20,0007(1 —e~')~ 39,717
59. 61. nr4 ’ 2 a 47.[a3
8 49. — 5L V=2/ / var—ridrdd =
6 4 o Jo 3
4
2 Exercises Section 13.4
-2
0 S0 3. 46831 5. 36177 7. 4V/2m 9. 583.769
RER 1. 6/11  13. 4J6 15 0931  17. 37.174
A
63. different domains 19. 25.133 21. 24 23. o5 ] 25. 4L

Exercises Section 13.2 Exercises Section 13.5

2 §—x2 2 3y
64 Y 2 4 171
5. // ldydx=— 1. /f ldxdy =3 s 7o-5 9% 5 W5 130
-2 Jx2 3 0 Jyn 1287
15. ——
1 pJx 1 3
9. / ldydx = - 1. 6 13. 2 2 el
0 Jx2 3 : 21. ///dzdxdy=§
0 J-1Jx2 .
! 7

15 5 17, 5 19, ¥ 21, ®

105 . 5 1 l—y2 4 44
23. / / / dxdzdy = —
-1J0 —-z/2 15

2 p4—x?
23. / / vV Xz + y2 dy dx = 10.275 2 m 4
0 0 ) f f dxdzdy = 87
—2J-

17. 64 19. symmetry, yes

2

4 p2—x/2 25 \/4_)2 y2422
25, dydx = 9.003 - ‘
/0 /0 c e 3 pa/9-x2 43
27. dydzdx =9
27. m= %’f: %»i = % [3 -/;«/97x2 N e "

o
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V10 4—x2 y+6 1603
29./ f f dzdydx = V3
_J10 J— 10
3—x
31. /// dydzdx =4
33. m_3271x_y—02—j
35. m=138x={2,5=72%7=1%

37. right side is heaver in #34

1 2-2y 2—x—2y
39. // / 4yzdzdx dy
o Jo 0
1 p2-2y p2-2y—:
:/ / f dyzdxdzdy
o Jo 0
2 2—x 1—-x/2-z/2
:/f / 4yzdydzdx
o Jo 0
2 4-2y 4—2y—x
41. // / dzdxdy
o Jo 0
1 paf1-x2 paf1-x2-22
43. // / dydzdx
o Jo 0
2 4 pafy—
45, / / /
o Jx2 Jo

Exercises Section 13.6

dzdydx

5. r=4 7. r=4cosb 9.

11. z = cos(?)

2 02 /3
s [

27 3 p9-r?

17. / // rf(rcos@,rsinf, z)dzdrd6
o Jo Jo
2r 2 4

19./ //rf(rcos@,rsiné,z)dzdrd@
0 0 r2
2 p2 pd—r?

21. / f/ rf(rcos@,y,rsind)dydrdo
o Jo Jo

2t pl p2—r?
23. / f / rf(x,rcosf,rsinf)dxdrdd
0 0 Jr2

o2 o2
25. / / / re” dzdrdd = (et —1)
0 o Ji
2 3-3z/2 6—2y—3z
27. / / f (x+2z)dxdydz =12
o Jo 0
2t V2 paSd—r?
2. / / /
0 0 r
2 4—-2y 4—x—2y
31. / f f (x+y)dzdxdy =8
o Jo 0
27 3 r2
33. / / / re*dzdrdf = (e’ — 10)
0 o Jo

13 0==2
4

rf(rcos@,rsiné, z)dzdrdo

zrdzdrdf =2m
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2sin 6
35. / / /2r cosOdzdrdf =0
2
37. / / / 372 rdzdrd@—?
32
39, f / f 2rdzdrd9=Tn(«/§—l)
41. / / / r dydrd9—2437t
43.
2
0
2
47. 49.
4
2
0 A
) H
H 54
AJZ
-4 2 0 2 4 4
51 1287 _ _ 0.7 16
. = , X = =0, = —
"= YERET
4 38
53. =107, x=0,y==-,72= —
m T, X y 5 z 15
Exercises Section 13.7
5. (0,0,4) 7. 4,0,00 9. (+/2,0,v2)
11. <£ V2 1) 13. p=3
2 2’
15.
17.
21.
25.
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29. 6

31.

33.

35.

2m /2 2 5 2
37. / / / e’ p?singpdpdpdd = Zm(e® — 1)
o Jo 0 3

2 /2 V2
39. / / / o singdpded = 4n
o Jo 0

1 2 4
41. ///(x2+y2+z2)dzdydx:1s
0 1 3

27 2 pd—r?
)
43./ // P dzdrdo = 225
0 0 0 3

Page 1247 $
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21 pr/d V2
45. / / / p¥singdpdpdd = 2 — 2w
0 0 0

2 /4 4cos ¢
47. / / / p2singdpdpdd = 8x
0 0 0

2 4 4
49. / / / rdzdrde = %
0 0 r 3

1 pl pa/x24y?
51. / / / dzdydx = 3.061
-1J-1Jo

/2 /4 2 4 —2.2
s3. / f /pzsinwpd(pde:—‘[n
0 0 0 3

2 2 r 167
55. rdzdrdf = —
0 0 Jo 3

/2 b4 1 T
57. / / /p3sin¢dpd¢d9=—
—x/2J0 Jo 2

x a4 V2 256 — 1282
59, / / / pPsingdpdpdo = 4fn
0 0 0

3
3 32

6l. x=y=0,7=>+—=

xX=y Z 4—|— 3

Exercises Section 13.8

3. x=é(v—u),yz%(u+2v),2§u§5,l51153
5. x:%(u—v),y:i(u—i—'jv),l§u§3,—3§v§—1

7. x=rcos€,y=rsin0,1§r§2,0§9§%

3
9. x=rcos@,y=rsin9,2§r§3,%595%
. x=/300—u),y=3u+0v),0<u<22<v<4

1B, x=I(3-w),y=3+v),0<u<1,3<v<5

15. 2 17, 2 19. I 210 L —€)n3

23. 7 25, —2u 27, 2

29 x=u-—-wy=1(-utv+w,z=1u—-v+w),
l<u<20=<v=<12<w=<4 3L 1

Chapter 13 Review Exercises
L 18 327 5 ('—-ehHmr 7.2 09

1Im -1992 13 3 15 l6m  17. 1%

64 11
1. 25 2L ja6-8V2r 23 -
4 p2
25. / f(x,y)dxdy
o Juy
/2 2 32
27. / 2r’cosOdrdf = =
—7/2J0 3

_16 =_3 <_9
2. m=3,Xx=3,y=73

W

o

1247
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1248 Appendix B Answers to Odd-Numbered Exercises

3. m=%,x=0,y=%2.72=2 CHAPTER 14
1 2—y 5 . .
1, / / dxdy = Exercises Section 14.1
0 v 6 5 7
| 137 :
3’510 370 221 3. - 4 1672 P NN \ \
2,1 pl /j/,Zk\\\ 11‘2 :T
43. // / z2(x +y)dzdydx =0 / D SR U | e i
0o J-1J-1 /7 N T‘AA‘T
/ / 4 . > 4 . N . .
2n pm/4 2 ',zxiﬁ,ffz/ o -
45. / / f p3sin¢dpd¢de=(8—4ﬁ)n \\ NN A T R
o Jo Jo Vs S
NN T I I
2 2 p6—x—y NN p, .
47. /// (x,y,z2)dzdydx e
o Je Jo SOy y 9. 11. ///
w2 2 N
49. /0 /0 /O f(psingcosO, psingsiné, p cos @) jjji o ///(/F/M//(/;//
« P 7 f
ol T
7/2 N2 pr V2 71 ” I\l\\\\\\\\\\\ AN\
3t / / erdzdrdo = £ 2= DT i e N \\\\\
s Jo o 4 ——— e \\\\\\\\\\
7 pr/d V2 «/E T DN SN
53. /f / plsingdpdpdo = == 13 . \\, 1
o Jo 0 . /
\\\ 7
55. (2) rsinf=3 (b) psingsing =3 NW ’//ék//////
NS Ps
57. (@) P+2=4 (b)) p=2 \\\\\\\g\g ﬁ/j/////;é///
T ::":‘:\T e
9. @z=r 0 ¢=7 = N
4 /7’/1‘\&\\\\
4 71NN
N iEEEE /BIANN
0 === 15. F,=D,F, =B, F;=A,F,=C 17. (2x,2y)
-2 ———— 4 (XaY> —y —y <xs)’71>
H— &) 19, —— 21. (e, —xe™?) 23, ———
4M Var+y? VX224 22
2 0 2 4
25. (2xy,x*+2zy) 21. fx,y)y=xy4+c 29. not
63. 3. fy) =42 —x2y+ 1y 4o
33. flx,y) = —cosxy + ¢
35, fl,y,0=2x"—xz+3y +yz+c 37. not
39. y=%sinx+c 41. V=X +¢
43. (y+ e = —%xz +c 45. Y + 1 =ce™
X y z
47. f(x,y,z):/ f(u)du-i-/ g(u)du+/ h(u)du + ¢
0 0 0
65. , 51 3 55, ., N . . .
v v ‘ <¥2 >~ ] ‘ ‘
- wire
-2 0 B) G2 L0 W2y
67. x=%(v—u),y=%(u+v),—l§u§1,2§v§4 P R
-2
69. le—e) 7L 4ur? —4u? P B A




smi98485_apxb_vol III_pt2.gxd 2/6/02 1:25 PM Page 1249 $

Appendix B Answers to Odd-Numbered Exercises 1249

Exercises Section 14.2 Exercises Section 14.6
5. 413 7. 217 9. 4 1L 12 13, -4 5. x=x,y=y,z2=23x+4y
15. 3n 17. 2541 19. —4 21. 14 23. % 7. x = cosucoshv,y = sinucoshv,z=sinhv,
25. 6/6 27, -4 29. 31 3. 0 33 ¢ 0<u=2m —00<v <00
35. 26 37. 0 39, 4r—L 41 positive 9. x=2cos0,y=2sin6,z=20<0<27,0<z<2
43. zero 45. negative 47. 18.67 1. x=rcosf,y=rsinb,z=4—r%,
49. x =2.227,y=15.324 0<6<2m,0<r<2
3
51. 9941 53, 3599 55, %«/5 59. 4n 1.
61. % 63. 12 65. (a) 22.1 (b) 1535 (c) 3.65
6
Exercises Section 14.3
X 1 4
5. fu,y)=xy—x+c¢ 7. f(x,y):;—xz—l—iyz—!—c
9. not 11. fix,y) =eY +siny + ¢ 2
13. if(x,y,z):xzz+x2y+y—3z+c y
15, foy, ) =02 + 58 + 597 + ¢ 0 -
17. fooy)=xy—y8 19, flx,y) =Y —y% —16 2
21 flr,y, ) =x2 + %38 23, 12 25 18 -2 0 2
27. J30-14  29. -2 31. 10—e'
33. x—=52+(—6%=16 35.yes 37. no 39. no 15 z
45. false  47. tue  49. tan~' (X) e x£0:0
X 10
51. (a) Simply connected (b) Not simply connected
75
Exercises Section 14.4 5
5. 7 7.16 9. -54 1. ¥ 13. 6n 2.5 4
15, 1 17, 3431 +3e2 190 2 2L 4 Y 52
23. 0 25 8t 27, im 29 2 0 x 2
3. x=0y=3% 37. 0 39. 0 4 2 0 2 4

41 {(x,y) € R?|(x,y) # (0, 0)}; No

17.
Exercises Section 14.5

5. (0,0, —3y), —x 7. (=3,2x,0),2z
9. (—y,—2x,—x),y +z 11. (xe¥ + 1, —¢,0),2x + 1
13. (—xsiny, 3y —cosy, 2x — 32),0
15. (2yz —2z,2x,0),2z + 1 + y2 17. conservative
19. incompressible 21. conservative
23. neither 25. incompressible
27. conservative 29. conservative 19. z

31. (a) scalar (b) undefined (c) undefined

(d) vector (e) vector
35. positive 37. zero 39. negative 2
%2 y?
5L — 2 2 2\3/2 (42 2 213/2 Y
(x> +y*+2%) (x> +y*+2) 0
2
_ Z n 3 .
T RN = 5 \/—2
0
53. (a) Equal (b) Greater 5
55. F=xi+yj+zk, v -F=3y>+2 -2 0 2
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1250 Appendix B Answers to Odd-Numbered Exercises

21. (a) A (b) C (c) B 23. 16742 33. Both surfaces S; and S, should be positively oriented, or both
25. 4ny/14 27, LV2 29, 4n negatively oriented.

3 2
31. / f xv/14dxdy =314
1 J1
2 2
33. f / r2sin@v4r2 + 1drdd =0
o Jo

Chapter 14 Review Exercises

/i Loy by v NN
o2 39117 + 1 S/ Y N NN
3./ —
35. '/(; \/O'l" 472+1d}’d9—Tﬂ o p \ N
w4 128v2 R I el
37. / /\/Eﬂdmm: 3‘/—n — = - | - 2=
02”0”/2 N N L T g
39. / f A(4sing) dg db = 327 S
o . NN s
41. 247 43. —187 45 3 47 5 » I
o B 3. =D, F,=CF;=B,F,=A
g; 0_253'_'ZT8:/Fg’f_=ly=0’Z=6 5. fly)=xy—xy'+y+c 7. not
M= =3, y=4U20=3 9. yY=3+c¢ 13. 18 15 18 17. 0

57. //g(x,y,z)dS 19. 0 21. 37 —4 23. zero 25. 4Qn
27. 66 29. 3 31. 10 33. conservative 35.

32

s ; ; 3. -2 39, £ 4l 6n
= // 8(f(y,2),y, 0y (y)* +(f2)* + 1dA 43. (0,0,0),3x2 — 3y*  45. (0,0,0),2 + 272 4+ 2)2
R

47. neither 49. both 51. positive

W=

where S is given by x = f(y, z) for (y, z) in region R: R?.

3 53.
59. 7” 61. 198.87
63. 0474n 65. 23.66
67. Flow lines don’t cross boundary.
Exercises Section 14.7
5.3 7.7 9 0 1. 8 13. 32x

64 (%1 T
15. — 17. 4 19. — 21. O 23. —

3 T 5 2
25. © 27, 224r  29. % 31 32

; 55. @B (b C (A 57. t(7* =57
59. —8J/14  61. 4726  63. 0

Exercises Section 14.8 14 391/17

65. m=117V/17T-Dn, x=y=0,7= —————
3 y 10(174/17 = 1)

5.0 7. 47 9. - 1. —m 13. 0 87
69. % 7L 730 75 0

15. 1 17. 0 19. —4x  21. 47 23. 0 67.
25. 0 77.

1

o

o""l



