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H | ANSWERS TO ODD-NUMBERED EXERCISES

CHAPTER | 33, (—o0, )

EXERCISES 1.1 = PAGE 20 5
. (@ -2 ()28 (c) —3,1 (d) —25,03

() [-3,3],1—2.3] - &) [=1,2]

3. [-85,115] 5. No 0 %

A
7. Yes,[-3,2],[-3,-2) U[-1,3] ;(,M

9. Diet, exercise, or illness

N b 37. [5,) 39. (-, 0) U (0, )
y i
4.
>2
0 Ix
()| t
13. 1
43. (—o, )
y
. 1
micfnigh( noon t /\
-1 |0 x
I15.  amount
47. fx) =1 — +/—x

29. f(x) = —x+3 if0sx=<3
ST l2x -6 if3<x<5
0 price 2
51. AL)=10L - L0<L<10
53. A(x) = /3x%/4,x>0 55. S(x) = x*+ (8/x),x >0
17. xt-_xei'g}?f 57. V(x) = 4x> — 64x* + 240x,0 < x < 6
CHEDSS 59. (a) R%) (b) $400, $1900
T -
| " — 10 o——————e
Wed. Wed. Wed. Wed. Wed.!
19. @) N (b) In millions: 5 o 20,;)00 ¥ i dotlars)
600 92; 485
- (C) T(in dollars)
400 + 2500
300 +
200 + 1000
S Or 10,000 20,000 30,000 / (in dollars)
0 d + + + + + ) )
1990 1992 1994 1996 1998 2000 ! 61. fis odd, g is even

63. (a) (—5,3) (b) (=5,-3)

2. 2 2
21. 12, 16, 3a a+2,3a*+a+ 2,3a*+ 5a + 4, 65. Odd 6T Neither 69. Even

6a® — 2a + 4, 12a* — 2a + 2,3a* — a* + 2,
9a* — 6a® + 13a®> — 4a + 4,3a* + 6ah + 3h* —a — h + 2 EXERCISES 1.2 = PAGE 34

23. =3 —h 25. —1/(ax) I. (a Root (b) Algebraic (c) Polynomial (degree 9)

27 {x|x#3} = (=o0,3) U (3, ) - (d) Rational (e) Trigonometric  (f) Logarithmic
29. [0,%0) 31 (=%,0) U (5, %) .@h ®BF ©9




A58  [l|

5. (@) y=2x+ b,
where b is the y-intercept.

(b) y=mx +1—2m,
where m is the slope.
See graph at right.
c)y=2x-3

7. Their graphs have slope —1.

i 9. f(x) = =3x(x + (x — 2)

v

(b) 8.34 mg
13. (a) FT

(100, 212)

32

(—40,—-40)

307

I5. (a) T=:iN+ %

minute change  (c) 76°F
17. (a) P =0.434d + 15
19. (a) Cosine (b) Linear
21. (a) 15

0

(b) y = —0.000105x + 14.521
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N

11. (a) 8.34, change in mg for every 1 year change

(b) %, change in °F for every
1°C change; 32, Fahrenheit
temperature corresponding
to 0°C

(b) %, change in °F for every chirp per

(b) 196 ft

Linear model is
appropriate

61,000
15

(b)

©

0 61,000

(¢) y = —0.00009979x + 13.951 [See graph in (b).]

(d) About 11.5 per 100 population  (e) About 6%
23. (a) 20 (ft)
1896 o 2000 (year
10

Linear model is appropriate

(b) y =0.08912x — 15824 (c) 20ft (d) No
20 (ft)
2000 (year)

1896
10

(f) No

25. y =~ 0.0012937x> — 7.06142x* + 12,823x — 7,743,770;

1914 million
EXERCISES 1.3 PAGE 43
L@y=fx+3 b y=fx-3 @ y=fx-3)
@ y=fx+3) @ y=-f&x (@ y=f(=x
(@ y=3f(» () y=3fx)
3.@3 M1 (@4 @S5 ()2
5. (a) (b) )l
0‘ x

X

(© i (d) 4
|
|

™
Il yT

y=(@x+ 1)?




2
2 =12 + 2sin| — (¢t — 80
25. L(1) 2 em[%s (t )]

27. (a) The portion of the graph of y = f(x) to the right of the

y-axis is reflected about the y-axis.

y = sin |x|

()

29. (f+ g)(x) = x* + 5x> — 1, (o, ®)
(f—9x) =x>—x*+1,(-®,)

(fg)(x) = 3x° + 6x* — x* = 2x%, (—o, )
(flg)x) = (x* + 2x2)/(3x* = 1), {x|x # £1/y/3]}

. (@) (fog)(x) =4x? + 4x, (—», )
®) (gef)(x) =2x* — 1, (=, )
©) (fof)(x) =x* — 2x? (—, )
(d) (g°g)(x) =4x + 3, (—»,x)
33. (a) (fog)(x) =1 — 3cosx, (—%,x)
(b) (gof)(x) = cos(l — 3x), (—, ®)

)
© (fof)(x) = 9x — 2, (=, )
(d) (g° g)(x) = cos(cos x), (—, )

35. (a) (fog)x) = (2x* + 6x + 5)/[(x + 2)(x + D],

{x|x# -2, -1}
(b) (gef)

(d) (gog)x
37. (fegoh)(x) =2x—1

) =2+ x+1)/(x+ 1)
©) (fef)x) = (x* +3x2 + 1)/[x(x* + 1)]
) = (2x + 3)/Bx + 5), {x |x¢ 2 -3}

39. (fogoh)(x) = Vx° + 4x° + 1

41 g) = x? + 1, f(x) = x"

43. g(x) = Jx, f(x) = x/(1 + x)

{x|x # —1,0}

{x|x # 0}
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g(t) = cost, f{1) =t
47. h(x) = x4 g(x) =3, fx) =1—-x
49. h(x) = Vx, g(x) = sec x, f(x) = x*
51. )4 ()3 (c) 0 (d) Does not exist; f(6) = 6 is not
in the domain of g. (e) 4 (f) —2
53. (a) (t) = 60t (b) (A r)(t) = 36007t*; the area of the
circle as a function of time

55. (a) s = /d*+ 36 (b) d =30t
(c) s = /90072 + 36; the distance between the lighthouse and the
ship as a function of the time elapsed since noon

57. (a) H (b) 1%
| — 120
0 ‘ 0 t
(1) = 120H()
(c) v

24071 —_—

V(t) = 240H(t — 5)

0 5 t

59. Yes; mym;

6l. (@) f(x)=x*+6 () gx)=x>+x—1
63. (a) Even;even (b) Odd; even

65. Yes

EXERCISES 1.4 = PAGE 51

I. (¢) 3. 150

_IOL \ I3O

-50
5. 7
4 3500
-20 - AA 20
-4 [— 4
-1 —3500
9. Il
1.1 1.5
OF\D//\ 100
-0.01 5 0.01 e
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13.
11 2
A NV
27 \\ﬂZﬂ ‘EV\/\/ \/ JE
—-11 -2
I5. 1

17. No  19. 9.05
25. —0.85 < x < 0.85
27. (a) (b) ,

21. 0,088 23. 4

(d) Graphs of even roots are
similar to /x, graphs of odd
roots are similar to ¥/x. As n
increases, the graph of

y = \/; becomes steeper near
0 and flatter for x > 1.

If ¢ < —1.5, the graph has three humps: two minimum points and
a maximum point. These humps get flatter as ¢ increases until at
¢ = —L.5 two of the humps disappear and there is only one mini-
mum point. This single hump then moves to the right and
approaches the origin as ¢ increases.

31. The hump gets larger and moves to the right.

33. If ¢ < 0, the loop is to the right of the origin; if ¢ > 0, the
loop is to the left. The closer ¢ is to 0, the larger the loop.

CHAPTER | REVIEW = PAGE 52

True-False Quiz
I. False 3. False 5. True

Exercises

I @27 () 23,56 () [-6,6] (d) [—4,4]
(e) [-4,4] (f) Odd; its graph is symmetric about th
3. 2a+h-2
7. R, [0,2]

9. (a) Shift the graph 8 units upward.

(b) Shift the graph 8 units to the left.

(c) Stretch the graph vertically by a factor of 2, then shift it

1 unit upward.

(d) Shift the graph 2 units to the right and 2 units downward,
(e) Reflect the graph about the x-axis.

(f) Reflect the graph about the line x-axis, then shift it 3 units
upward.

I . 13.

y=-sin2x
JANRVAN /\I N[\
vV 0{\/ ~N  \x

1 € origin,
5. (_OO’ 3) U (%» OC)$ (_OC$ O) U (O x)

I5. y

x=-2

|
|
|
|
|
T
wlo
|
|
|

17. (a) Neither (b) Odd (c) Even (d) Neither

19. (a) (fog)(x) = /sinx, {x |x € [2nm, 7 + 2n7], n an integer}
(b) (g°f)(x) = sin v/x, [0, =)

© (fof)(x) = ¥/x [0, »)

(d) (g°g)(x) = sin(sin x), R

21. All have domain R. The range is [—1, 1] for  odd and [0, 1]
for n even. The spikes become sharper as n — .

23. y = 0.2493x — 423.4818; about 77.6 years

N[

PRINCIPLES OF PROBLEM SOLVING = PAGE 59

l. a =4./h? — 16/h, where a is the length of the altitude and
h is the length of the hypotenuse

3. —1.9

5.

I1. 40mi/h 15, f(x)= x*""




CHAPTER 2

EXERCISES 2.1 = PAGE 65

I (a) —44.4, —38.8, —27.8, —22.2, —16.6
®) —333 (c) =333

3. (2) (i) 0333333 (i) 0.263158
@iv) 0250125  (v) 0.2  (vi) 0.238095
(viii) 0.249875 (b) i () y=ix+3
5. (a) () —32ft/s (i) —25.6ft/s (i) —24.8ft/s
@(iv) —24.16ft/s  (b) —24ft/s
7. (a) (i) 465m/s (i) 5.6 m/s
(iv) 7m/s (b) 6.3m/s

9. (2) 0, 1.7321, —1.0847, —2.7433, 4.3301, —2.8173, 0,
~2.1651, —2.6061, —5,3.4202;n0  (c) —31.4

(iii) 0.251256
(vii) 0.248756

(iii) 7.55 m/s

EXERCISES 2.2 = PAGE 74

1. Yes

3. (a) lim,—-3f(x) =  means that the values of f(x) can be
made arbitrarily large (as large as we please) by taking x sufficient-
ly close to —3 (but not equal to —3).

(b) lim,—4+ f(x) = —c° means that the values of f(x) can be made
arbitrarily large negative by taking x sufficiently close to 4 through
values larger than 4.
5.2 b3
(e) Does not exist
7. (@ =1 (b) =2  (c) Does not exist d) 2 ) 0
(f) Does not exist (g1 (h) 3

9. @ - @®® (> @ -—* (e

) x=-7,x=-3,x=0,x=6

II. @ 1 (b) 0 (c) Does not exist
S i

- |

13 y I5.
et ::1:/
74 i/ : BEan s aasase

(¢) Does not exist  (d) 4

y

1w

9.7 2L.; 23.5 25 —
29. —© 3. —» 33, -
35. (a) 2.71828 (b) 6

—4L 4
-2
37. (a) 0.998000, 0.638259, 0.358484, 0.158680, 0.038851,

0.008928, 0.001465; 0
(b) 0.000572, —0.000614, —0.000907, —0.000978, —0.000993,

—0.001000; —0.001

39. No matter how many times we zoom in toward the origin, the
graph appears to consist of almost-vertical lines. This indicates
more and more frequent oscillations as x — 0.

41, x =~ +0.90, +2.24; x = *=sin"'(w/4), £(m — sin”(7/4))
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EXERCISES 2.3 * PAGE 84
l.(a =6 () -8 (c)2
(e) Does notexist (f) 0
.59 539 73 90 ILS

13. Does not exist 15, § 17. 8 9.5 216

d) -6

3.0 28 -% 2 29.-3 3L (a3
35. 7 39. 6 41. -4 43. Does not exist
45. (a) y (b) (@) 1

) (i) —1

(iii) Does not exist

0 x (1V) 1
47. (@) (1) 2 (i) =2 (b) No (c)
49. (a) (i) —2  (ii) Does not exist  (iii) —3

() () n—1 (i) n  (c) a isnot an integer.

55. 8 61. 15; -1

EXERCISES 2.4 = PAGE 95

2 (or any smaller positive number)

. 1.44 (or any smaller positive number)

. 0.0906 (or any smaller positive number)

. 0.11, 0.012 (or smaller positive numbers)

. (a) 0.031 (b) 0.010

1. (a) +/1000/7 cm (b) Within approximately 0.0445 cm
(c) Radius; area; 4/1000/7r; 1000; 5; =0.0445

13. (a) 0.025 (b) 0.0025

35. (a) 0.093 (b) &= (B¥> —12)/(6B*) — 1, where
B =216 + 108¢ + 124/336 + 324¢ + 8l¢?

41. Within 0.1

NV W -

0

EXERCISES 2.5 = PAGE 105
1. lim,4 f(x) = f(4) _
3. (a) f(—4) is not defined and lim f(x) [for a = —2, 2, and 4]
does not exist e

(b) —4, neither; —2, left; 2, right; 4, right

7. (a) (b) Discontinuous atz =1, 2, 3,4
Cost
(in dollars) w

0|1 Time
(in hours)
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9. 6
15. f(1) is not defined. 17. lirr} f(x) does not exist.
yT :‘ YA
| =1/x
0 | Y
\ 1: X = \
J of 1 =
: y=1-x?
f
19. lim f(x) # f(0)
y
= 0 1\ x
21 {x|x# -3,-2} 23 [}, )

25. R 27. [0, )
29. x = (—m/2) + 2nm, n an integer
10

I

C
=1
31. 7 33 7w/8
37. 0, left 39. 0, right; 1, left
M y
1,2,
’(0‘2) ©02)] L2
0,1) (1,1)
0‘ (2,0) x
/ (0,0) \x
41, ?

3
4. @) gx)=x+x*+x+1 (b) glx) =x>+x

51. (b) (0.86, 0.87) 53. (b) 1.434

59. None 61. Yes

CHAPTER 2 REVIEW = PAGE 108

True-False Quiz

I. False 3. True 5. False 7. True 9. False
I1. True 13. True I5. True

Exercises

I. (@ (i) 3 (ii) O (iii) Does not exist (iv) 2

(V) © (vi) —o

®) x=0,x=2 (c) —3,0,2,4

3.1 52 1.3 9 . 3 13. —3
15. 0 17. 1

23. (a) (i) 3 (i) 0 (iii)) Does not exist @iv) 0 v) 0

i) 0

(b) AtOand3 (c) s
3
0 3 %
25. [0, =) 29. 0
PROBLEMS PLUS = PAGE 110
Ik % 3. 4 5. (a) Does not exist.  (b) 1
a=itly5
2 1.(b) Yes (c) Yes;no
CHAPTER 3
EXERCISES 3.1 PAGE 119
L@ LR S - £)
x—3 =3 x—3
3. @2 My=2x+1 (c) 6
-1 5
0
5: yi=mi=x+§ .y=3x+3
9. (a) 8a — 6a* (b) y=2x+3,y=—8x+ 19
(c) 10

)

=3

Il. (3 Right 0<r<land4 <t<6;left:2 <t<3;
standing still: 1 <t <2and3<t< 4

()  vamp)

1 o——

o ——

T (seconds)
13. —24ft/s 15, —2/a*m/s; =2 m/s; —im/s; —% m/s
17. 4'(0), 0, g'(4), g'(2), g'(—2)




21, Tiy=Tx= 12

—1 I"|IIIIIIIIIIIIIIIIIIIi 6

=2

" (a +3) " 2a + 2)Y?
3l. f(x) =x"a=1lor fx)=Q0+ 0% a=0
33, f(x)=2a=>5
35. f(x) = cosx,a =  or f(x) = cos(m + x),a=0
37. 1m/s; 1 m/s

39. Temperature Greater (in magnitude)
(in °F)
72

25. —2 + 8a

B/l———————=="

2 Time

(in hours)

41. (a) (1) 11 percent/year (i) 13 percent/year

(iii) 16 percent/year

(b) 14.5 percent/ year  (¢) 15 percent/year

43. (a) (i) $20.25/unit (i) $20.05/unit  (b) $20/unit

45. (a) The rate at which the cost is changing per ounce of gold
produced; dollars per ounce

(b) When the 800th ounce of gold is produced, the cost of
production is $17/0z.

(c) Decrease in the short term; increase in the long term

47. The rate at which the temperature is changing at 10:00 AM;
4°F/h

49. (a) The rate at which the oxygen solubility changes with
respect to the water temperature; (mg/L)/°C

(b) §'(16) = —0.25; as the temperature increases past 16°C,
the oxygen solubility is decreasing at a rate of 0.25 (mg/L)/°C.
51. Does not exist

EXERCISES 3.2 = PAGE 131
1. () 1.5

)1

©0

(d) —4

(e) 0

(fH1

(g 15

.l IV © I (@ I
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13. y 1963 to 1971

1950 1960 1970 1980 1990

I5. (@) 0,1,2,4 (b) —1, 2,4 () f'(x)=2x
17. f(x) =3, R R 19. () =5- 18, R, R
21, f'(x) =3 -3, R, R

23, g'() = Y¥T ¥ 25 [-4, ) (=3.%)

25. G'(1) = (=, =1) U (=1,%), (=, -1) U (-1,%)

o
@+ 17
27. fllx) =4 RR 129 (@ Fix) =4x* +2

31. (a) The rate at which the unemployment rate is changing, in
percent unemployed per year

(b)

33. —4 (corner); 0 (discont'muity)
35. —1 (vertical tangent); 4 (corner)
37.

Differentiable at —1;
) S . not differentiable at 0
-1

39.a=fb=f.c=f"
41. a = acceleration, b = velocity, ¢ = position
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43. 6
f' f f'(x)=4—2x,
-6 10 Fix) =2
-10
45. fi(x) = 4x — 3x2,
( f f'(x) = 4 — 6x,
- f1(x) = =6,
f ) =0
—
47. (a) 307
T -1 ifx<6 Y ,
49'f(x)—{1 if x>6 | L
oy X~ 6 Ol .6 B
or f(X)—lX'_6\ _1’
51. (a) y (b) Allx
© f'(x) =2|x|

55. 63°
EXERCISES 3.3 PAGE 144
I f=0 3.f0O= -2 5 fla)=3%"—-4
7. f'(t) =1 9. V'(r) = 4mr? 1. Y'() = —54t7"°
13. F'(x) = 5x* 15, A(s) = 60/s° 17.y'=0
19. ' =375 + 1072 2Ly =5x"+ 3x2 + 2x
23. V/(x) = 14x* —4x*—6 25 F'() =5+ 14/y* + 9/y*
27. g'(x) = 5/@x + 17 29. _E6-x)
* ® (1 = x2)2
2t(—t* — 42 + 7)
3l.y =20 —1 33y ="
y =21/ Y T T =3+ 1)
r(4 + 3\/;)
3.y =2ax+b 3.y =277y
o RG]

39. y = (7 + 412 — 2)/(3t>7) 41. f'(x) = 2cx/(x? + ¢)?
43. P'(x) = na,x""' + (n — Dap—1x" 24+ + 2mx + @

45. 45x™ — 15x*
47. (a) (c) 4x> —9x* — 12x + 7

50 100

—40

49. y = %x + %
51. a) y=3x+1 (b) 15
-1,0.5)
T
~05
53.y=%x+%,y=—%x+% 55. y= —3x + 3 y=2x
57. f'(x) = 4x° — 9x2 + 16, f"(x) = 12x* — 18x

2x% + 2x 2

% (1 +2x)%" (1 +2x)°

6l. (a) v(f) =3t> —3,a(t) =61 (b) 12 m/s?

(c) a(l) = 6m/s’

63. (a) —16 (b) —% (o) 20

65.16 61.( 0 (b) —3

69. () y =xg'(x) +g(x) ®) Y =[glx) ~ xg'(x)]/[g(x)]?

© y = [xg'(x) — g]/x*

71. (=2,21),(1,=6) 75 y=12x — 15,y = 12x + 17
77. y=3x—3 719.(¥2,4)

8l. (c) 3(x* +3x> + 17x + 82)%(4x® + 9x* + 17)

83. P(x) =x>—x+3 8. y=%x*—3x+3

87. $1.627 billion/year

89. No

91. (a) Not differentiable at 3or—3

oo Jox o if |x[>3
f(x)_{—zx if x| <3
®) -

95. 6 101. 3,1

99. 1000

93. a=—3b=2

EXERCISES 3.4 = PAGE 154

I. f'(x) = 6x + 2sinx 3. f’(x)=cosx—%csc2x

5. g'(t) = 3t*cost — t*sin t

7. h'(6) = csc@ — Besch cotd + csc?0

2 — tanx + x sec’x
(2 — tan'x)’

13. y' = (xcosx — 2sin x)/x*

2. y=2/x—33m+2

g secfand
1O = (1 + sec6)’
I5. y' = secf (sec’d + tan"6)

9.y =

23. y=x+1




25. (@) y=2x (b) 3=

27. (a) secx tanx — 1

29. 6 cosf + sinf; 2 cos @ — 6 sin 6

31. (@ f'(x)=(1 +tanx)/secx (b) f'(x) =cosx + sinx
33. (2n + 1)7 * jm, n an integer

35. (a) v(t) = 8 cos t,a(f) = —8sint

(b) 44/3, —4, —44/3; to the left

37. 5 ft/rad 39. 3 41. 3 43. sin 1

4.0 41 -2

49. (a) sec’™ = 1/cos®  (b) secx tanx = (sin x)/cosx
(c) cosx — sinx = (cotx — 1)/csc x

51. 1

EXERCISES 3.5 = PAGE 161
3. —20x(1 — x?® 5. —om
A * 24/sin x
7. F'(x) = 10x(x* + 3x% — 2)*(2x* + 3)
2 + 3% i, = 28

41 + 2x + X =4 @+ 1)
13. y = —3x%sin(a® + x?) 15. y' = sec kx(kx tan kx + 1)
17. ¢'(x) = 4(1 + 4%)*3 + x — x?)'(17 + 9x — 21x?)
19. y' = 8(2x — 5)*(8x* — 5)7*(—4x* + 30x — 5)

y

1. 4 cos4x

9. F'(x) =

—12x(x* + 1)2
& — D
23. y' = (cos x — x sin x)cos(x cos x)
25. F'(z) = 1/[(z — )%z + 1)**]
21,y = (PP + 1) 29. y' = 2 cos(tan 2x) sec?(2x)
31,y = (xcosy/T + x2)/J/T + x2 33. y' = 4 sec’ tan x

16 sin 2x(1 — cos 2x)*

21,

gy = (1 + cos 2x)°
37. y' = —2 cos 6 cot(sin ) csc*(sin 6)
39. y =3[x*+ (1 — 3x)°T2x — 15(1 — 3x)4]
4.y =Lt 1/(2vx)
2:;x + i/x

43. g'(x) = p(2rsin rx + n)"~'(2r* cos rx)
45 ' = — 77 cos(tan 7x) sec®(7rx) siny/sin (tan 7x)
gt 2+/sin(tan 7x)

47. h'(x) = x/x* + 1, h"(x) = 1/(x* + 1)*?
49. H'(f) = 3 sec®3t, H"(t) = 18 sec? 3t tan 3¢
5L y=20x + 1 53. y==xtwmw

5. @) y=mx—m7+1 (b) 3
]
OL/ Ju
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57. (a) f'(x) =2 — 2x%)//2 — x2

59. ((m/2) + 2nm, 3), (3m/2) + 2nm, —1), n an integer

61. 24 .

63. (a) 30 (b) 36

65. () % (b) Does not exist  (c) —2

67. (a) F'(x) = —sinxf'(cosx) (b) G'(x) = —sin(f(x))f'(x)
69. 120 71. 96 73. 2'%sin 2x

75. v(t) = 37 cos(107?) cm/s

dB T 2t
2 —_—=— — b) 0.1
77. (a) & 5 C°S5‘4 (b) 0.16

79. dv/dt is the rate of change of velocity with respect to time;
dv/ds is the rate of change of velocity with respect to displacement

81. (b) The factored form
85. (b) —ncos" 'x sin[(n + 1)x]

EXERCISES 3.6 = PAGE 169

. @) y =—(y+2+6x)/x
(b) y=(4/x) — 2 —3x,y = —(4/x*) =3

3. (@) y =—yYx* () y=x/(x- 1),y =-1/(x = 1)

5.y = ¥y’

y , _2x+y . 3 —5x* —4x’y

B 2y —x o x* + 3y — 6xy
—2xy? — siny

I yy =———"" 13. y =t tan

> 2x%y + x cosy ¥ = HRAan)
5. = 2sec’Gy) — AR g = 4xy\xy =y
» Y y2 + x sec*(x/y) ’ x — 2x%/xy

sinx + y cos(x

19. y = y____y.ﬁl 21. _%

cos x — x cos(xy)
=2y + X = 6xy*

23. x' = 25. y=—x+2
* 4xy? — 3x%y + 2y° Y *
27.y=x+% 29.y=—%x+?—g
@y=3x—7 O 5
1,2)
TIANT

-2
33. —81/y? 35. —2x/y°
37. (a) 4 Eight; x = 0.42, 1.58

1,y=§x+2 © 1733
) 4L (xox/a®) — (yoy/b?) =1
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45. 47.

49. (£43,0) 51 (-1,-1, @, 1) 53.2

EXERCISES 3.7 = PAGE 179

1. (a) 3t — 24t + 36 (b) —9ft/s (c) t=2,6
(d) 0<t<2,t>6

(e) 96 ft
(f) (2) 61 — 24; —6m/s’
t=06,
s=0
t=0,
s=0
0 20 s
(h) 40 (i) Speeding up when

7<t<4ort>6;
slowing down when

3. (a) ——Z— sin(?) ®) —imy2ft/s (©t=0,4.8

d 4<t<8 (e) 4ft
() '

1

s2=0 t=8,s=1
t=4,
g ==l t=0,s5s=1

0,

I

0 s

@ —1%m cos(mt/4); 5%#2\/’2_ ft/s*
(h) 1

N
SO

-1

(1) SpeedingupwhenO <1<2,4<1t<6,8<1t< 10;
slowing down when 2 <7 < 4,6 <t<8

5. (a) Speeding up when o<t<lor2<t<3;
slowing down when 1 <17 < 2

(b) Speeding up when l<t<2or3<t<4

slowing down when o<t<lor2<t<3

7. @) t=4s

(b) t=1.5s; the velocity has an absolute minimum.

9. (a) 5.02m/s (b J17 m/s

Osr<2or4<t<6

11. (a) 30 mm?/mm; the rate at which the area is increasing
with respect to side length as x reaches 15 mm

(b) AA = 2x Ax

13. (a) (i) 57 (i) 457 (i) 417

(b) 4w () AA =2mrAr

15. (a) 8w ft?/ft (D) 167 ft/ft () 24 ft’/ft

The rate increases as the radius increases.

17. (a) 6kg/m (b) 12 kg/m (c) 18 kg/m

At the right end; at the left end

19. (a) 475A (b) 5A;t=3s

21. (a) dV/dP = —C/P?  (b) At the beginning

23. (a) 16 million/year; 78.5 million/year

(b) P(1) = at’ + bt? + ct + d, where a = 0.00129371,
b= —7.061422,c = 12,822.979, d = —7,743,770

(c) P'(1) =3ar* +2bt + ¢

(d) 14.48 million/year; 75.29 million/year (smaller)

(e) 81.62 million/year

25. (a) 0.926 cm/s; 0.694 cm/s; 0

(b) 0; —92.6 (cm/s)/cm; —185.2 (cm/s)/cm

(c) At the center; at the edge

2. () C'(x)=12= 0.2x + 0.0015x

(b) $32/yard; the cost of producing the 201st yard

(c) $32.20

29. (a) [xp'(x) — p(x)]/x?; the average productivity increases as
new workers are added.

31. —0.2436 K/min

33. (a) 0and0 (b) C= 0
() (0,0), (500, 50); it is possible for the species o COexist.

EXERCISES 3.8 PAGE 186
1. dv/dt = 3x* dx/dt 3. 48 cm?/s 5. 3/(257) m/min
7.70 9. =%
11. (a) The plane’s altitude is 1 mi and its speed is 500 mi/h.
(b) The rate at which the distance from the plane to the station is
increasing when the plane is 2 mi from the station
(c) x d yr*=x*+1

(e) 250+4/3 mi/h

1

v

13. (a) The height of the pole (15 ft), the height of the man (6 ft),
and the speed of the man (5 ft/s)
(b) The rate at which the tip of the man’s shadow is moving when
he is 40 ft from the pole

15 X+ Y

(© @ - = ; (e) 2 ftfs

X y
15. 65mi/h 7. 837/4/8674 ~ 8.99 ft/s
19. —1.6cm/min 21 T =554 km/h
23. (10,000 + 800,0007/9) =~ 2.89 X 10° cm’/min
25. Qem/min - 27. 6/5m) = 038 ft/min  29- 0.3 m?/s
31. 80 cm’/min  '33. g = 0132 Q/s 35 039 m/min
37. (a) 360ft/s  (b) 0.09 radfs  39. 'gmkm/min

v




41. 1650//31 ~ 296 km/h  43. 3/15 = 6.78 m/s

EXERCISES 3.9 - PAGE 193
. L(x) = —10x — 6 3. L(x) = —x + 7/2

5. JI—x=~1-3x

/0.9 = 0.95,
/0.99 = 0.995

7. —1.204 < x < 0.706 9. —0.045 < x < 0.055

t
11. (a) dy = 2x(xcos2x + sin 2x)dx (b) dy = —1\/—_-i—__t_2dt

! 2
13. (a) dy =(T;21—)2 du (b) dy= ——(1—_?_%)7 dr
5. (a) dy = 5/(24/4 + 5x)dx  (b) 0.05
17. (a) dy = secxdx (b) —0.2
19. Ay = 0.64,dy =08

*]s]

4 1 dx JX\

21. Ay = —0.1,dy = —0.125

1} Ay T dy

23. 32.08  25. 4.02  27. 1 — @/90 = 0.965
31, (a) 270 cm?, 0.01,1%  (b) 36 cm?, 0.006, 0.6%
33. (a) 84/m ~ 27 cm? g ~ 0.012

(b) 1764/7* =~ 179 cm®; 55 = 0.018

35. (a) 2mrh Ar  (b) m(Ar)’h

41. (a) 4.8,5.2 (b) Too large

CHAPTER 3 REVIEW = PAGE 196

True-False Quiz

I. False 3. False 5. True 7. False 9. True
11. False

Exercises

l. (a) () 3m/s (i) 2.75 m/s (i) 2.625 m/s
(iv) 2.525m/s  (b) 2.5m/s

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES |||| A67

5.a=fc=f.b=f"

7. (a) The rate at which the cost changes with respect to the
interest rate; dollars /(percent per year)
(b) As the interest rate increases past 10%, the cost is increasing
at a rate of $1200/(percent per year).
(c) Always positive
9. The rate at which the total value of US currency in circulation is
changing in billions of dollars per year; $22.2 billion/year
1. fl(x)=3x*+5 13. 6x(x* — 3x% + 5)%(2x* — 3)

1 4 - 2(2x* + 1) 12+ 1
|5.'2—\/;—3\3/)7 |.————‘,——x2+l |.—-——(1_22)2

4

21. —(sec?/1 — x)/2J1T=1x) 23 R ok o>

4xy* + x*—3
2sec 26 (tan 26 — 1)
25. 27. —(x — 1)7?
5 71 + an26) =1

2x — y cos(xy)

29. 31. -6 2(3x2+ 5

xcos(xy) + 1 ese (35 )

33. cosx _2\/\/—; sin yx 35. 2 cos 6 tan(sin 6) sec*(sin 6)
X

37. 1(xtan x)™(tan x + x secx)

3 2
39. cos(tan /1 + x?)(sec?y/1 + x3)2—Tx\/—+;x_3 41. —5
43, —5x‘/y" 451 4L y=23x+1- m/3/3
49, y=2x +1

10 — 3x
5. @ s = ® y=lix+iy=-x+8
(c) 10

(4,4)
(1,2)
-10 10
-10
53. (w/4,2), (57/4,—v2) 55 y= =iz’ +3x
59. (a) 2 (b) 44 61. 2xg(x) + x*g'(x) 63. 29(x)g'(x)
65. f'(x) = g'(¢9(x)g'(x) 67. f'(x) = g'(sinx) - cos x
£ F@lg]* + ¢'&x) [F)]*
' [f(x) + g(x)]?
71. f'(g(sin 4x))g' (sin 4x)(cos 4x)(4)

73. (a) o(f) = 3> — 12;a(t) =6t (b) 1> 2:0<t<2
(© 23 (@ 20 (e) t>2,0<t<2
y

75. 4kg/m  T1. jcm¥min  79. 13ft/s 8L 400 ft/h
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83 (a) L) =1+x; 1+ 3x~ 1+ x;v1.03 = 1.01
(b) —023 <x< 0.40
85. 12 + im =~ 16.7 cm’ 89. 3

87. 3 91. 3x°

PROBLEMS PLUS = PAGE 200

I (£343.3)
5. () 0 (b) 1 (©) f’(x) =x*+1
9. (0.%)

1. (a) 477\@/\/'17 rad/s (b) 40(0059 + 48 + coszo) cm
(c) —4807 sin@(1 + cos6/+/8 + c0s26) cm/s

13. XT = (3s OC), yr = (2a Dc)7 XN € (07 %)’ YN S (—%’ 0)
15. (b) (i) 53° (or 127°) (i) 63° (or 117°)

17. R approaches the midpoint of the radius AO.

19. —sina 21. (1, —2),(=1,0)

23. J29/58  125. 2 + ijym = 11.204 cm’/min
CHAPTER 4

EXERCISES 4.1 =« PAGE 211

Abbreviations: abs., absolute; loc., local; max., maximum; min.,
minimum

I. Absolute minimum: smallest function value on the entire
domain of the function; local minimum at c: smallest function
value when x is near ¢

3. Abs. max. at s, abs. min. at , loc. max. at ¢, loc. min. at b and
5. Abs. max. f(4) = 5, loc. max. f@)=5 and f(6) = 4,

loc. min. f(2) = 2 and f(1) = f(5) =3

()

13. (a) (b)

-1
70

2 X 0 T e

[

Abs. max. f(1) =5
Abs. min. f(0) =0
Abs. max. f(—3) = 9, abs. and loc. min. f0)=0
25. Abs. max. f(0) =1
29. -}

|
i
|
I
|
.}1
I
|
|
[
|
[
|
i

I5. 17. None
19.
21.
23.
27.
33.

41.
47.

49.
53.

None
Abs. max. f(3) = 2
0,3(-1+x.5) 3502
nar (n an integer) 43. 10
f(-1)=8,f2)=-19
f(3) =66, f(x1) =2 51. f(1) =3,
fW2)=2,f(-1)=-3

55. f(m/6) = 3/3, f(m/2) = 0

- f(a :1— b) -

59. (a) 2.19,1.81  (b) S E+2, 5542

61. (a) 0.32,0.00 (b) 735\/5,0 63. =3.9665°C
65. Cheapest, 1 = 0.855 (June 1994);
most expensive, 1 = 4.618 (March 1998)

61. (@) r=12r (b) v=rkrd
(©)

31. —4,2
37. 0,5 39.0,53,4
45. f(0)=5,f2) = -7
f0) =0

a’b’
(a + b)a+b

4.3
77kro

To ro”

W

EXERCISES 4.2 = PAGE 219

I.2 3.2 5. fisnot differentiable on (=1, 1)
7. 0.8,3.2,4.4,6.1
9. (a), (b) © 242

13. V3/9
225. No

1. 0
23. 16

I5. fis not continous at 3
31. No




EXERCISES 4.3 = PAGE 227

Abbreviations: inc., increasing; dec., decreasing; CD, concave
downward; CU, concave upward; HA, horizontal asymptote;
VA, vertical asymptote; IP, inflection point(s)

1. (@ (1,3),(4,6) (b) (0,1),3,4) (c) (0,2)

@ (2,4),4,6) (e (2,3)

3. (a) I/DTest (b) Concavity Test

(c) Find points at which the concavity changes.

5. (a) Inc. on (1, 5); dec. on (0, 1) and (5, 6)

(b) Loc. max. at x = 5, loc. min. at x = 1

7. x=1,7

9. (a) Inc. on (=00, —3), (2, ©); dec. on (=3, 2)

(b) Loc. max. f(—3) = 81; loc. min. f(2) = —44

(¢) CU on (—3,®); CD on (=, —3); IP (-1, %)

11. (a) Inc. on (—1,0), (1, ®); dec. on (—o, —1), (0, 1)
(b) Loc. max. f(0) = 3; loc. min. f(*1) = 2

(¢) CU on (=, =/3/3), (v/3/3, %0);

CD on (—+/3/3,4/3/3): IP (£/3/3,%)

13. (a) Inc. on (0, 7/4), (57/4, 2m); dec. on (7/4, S7/4)
(b) Loc. max. f(m/4) = y/2; loc. min. f(57/4) = —/2
(c) CU on (37/4,7mw/4); CD on (0, 37/4), (7m/4, 2m);
IP (37/4,0), (77/4,0)

15. Loc. max. f(—1) = 7, loc. min. f(1) = —1

17. Loc. max. f(%) =3

19. (a) f has a local maximum at 2.

(b) f has a horizontal tangent at 6.

21.

di

23.

27. (a) Inc. on (0, 2), (4, 6), (8, =);
dec. on (2, 4), (6, 8)

(b) Loc. max. at x = 2, 6;

loc. min. at x = 4, 8

(c) CU on (3, 6), (6, );

CD on (0, 3)
(d) 3 (e) See graph at right.
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29. (a) Inc. on (=, —1), (2, »); 1,7 Y

dec. on (—1,2) /
(b) Loc. max. f(—1) =7; 0 x
loc. min. f(2) = —20 (z.-%)

(c) CUon (%, 00); CD on (—00, %),

P (3 - %)

(d) See graph at right. (2,-20)

31. (a) Inc. on (—o, —1), (0, 1);
dec. on (=1, 0), (1, =)

(b) Loc. max. f(—1) = 3,f(1) = 3;
loc. min. f(0) = 2

() CUon (-1/v3, 1/¥3);

CD on (=, —1/4/3), (1/+/3, ®);
P (+1//3,%)

(d) See graph at right.

33. (a) Inc. on (=%, —2), (0, ); 27 2
dec. on (=2, 0) T
(b) Loc. max. h(—2) =7,
loc. min. 2(0) = —1

(c) CUon (—1,%);

CD on (=%, —1); IP (-1, 3)
(d) See graph at right.

35. (a) Inc. on (=2, «); yT
dec. on (=3, —2)

(b) Loc. min. A(—=2) = —2 2
(c) CU on (—3, ) -3

(d) See graph at right.

37. (a) Inc. on (—1, );
dec. on (=, —1)

(b) Loc. min. C(—1) = =3
(c) CU on (—,0), (2,);
CD on (0, 2);

IPs (0, 0), (2, 6%/2)

(d) See graph at right.

39. (a) Inc. on (m, 2m); y

dec. on (0, )

(b) Loc. min. f(7) = —1 ( i) (5_7 ;)
(¢) CU on (w/3, 57/3); s il
CD on (0, 7/3), (57/3, 2m); ‘_gj[ N/ 6
IP (7/3,3), (57/3,3) (m,=1)

(d) See graph at right.

41. (3, »)

43. (a) Loc. and abs. max. f(1) = /2, no min.

®) (3 - V17)

45. (b) CU on (0.94, 2.57), (3.71, 5.35);

CD on (0, ®.94), (2.57, 3.71), (5.35, 2m);

IP (0.94, 0.44), (2.57, —0.63), (3.71, —0.63), (5.35, 0.44)
47. CU on (—%, —0.6), (0.0, »); CD on (—0.6, 0.0)
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49. (a) The rate of increase is initially very small, increases to a
maximum at r = 8 h, then decreases toward 0.

(b) Whenz=8 (c) CUon (0, 8); CD on (8,18)  (d) (8,350)
51. K3) — K(2);CD  53. f(x) =5(2x* + 3x* — 12x + 7)

EXERCISES 4.4 = PAGE 240

I. (a) Asx becomes large, f(x) approaches 5.

(b) As x becomes large negative, f(x) approaches 3.
3.@® (B* (- @1 (2

f) x=-1,x=2,y=1y=2

5.0 7.3 9.0 1. — 13. 3 15. 2
17. 3 9.0 2l.3a@a-b) 23 25 -
27. «© 29. 1

3l. (a),(b) =3 33 y=2;x=2

3. y=2x=-2x=1 3.x=5 39.y=3
L, )=
L flx) =
x}(x = 3)
43. y = —1 45. y=20

51 4

53. y

55. (a) 0 (b) An infinite number of times

1
—25 VAVAV

—-0.5

Vf\/\, . 25

57. (a) O
6l. N=15

(b) *oo 59. 4

63. N< —6,N < —22 65. (a) x > 100

EXERCISES 4.5 = PAGE 248

I. A. R B. y-int. 0; x-int. 0
C. About (0,0) D. None

E. Inc. on (—o, ) F. None
G. CU on (0, *); CD on (=2, 0);
IP (0, 0)

H. See graph at right.

3. A. R B. y-int. 2; x-int. 2, 3(7 = 3/5)
C. None D. None ’
E. Inc. on (1, 5); i
dec. on (=, 1), (5, ) |
F. Loc. min. f(1) = —=5; }
loc. max. f(5) = 27

G. CU on (—0», 3);

CD on (3, «); IP (3, 11)
H. See graph at right.

5. A. R B. y-int. 0; x-int. =4, 0
C. None D. None

E. Inc. on (—3, );

dec. on (—o, —3)

F. Loc. min. f(=3) = —27

G. CU on (—=, =2), (0, =);

CD on (=2, 0); IP (0, 0), (=2, —16)
H. See graph at right.

7. AR B. y-int. |

C. None D. None

E. Inc. on (=<, 0), (1, ®);
dec. on (0, 1)

F. Loc. max. f(0) = 1;
loc. min. f(1) = —2

G. CU on (1//4, );

CD on (—-00, 1/3/4);

IP (1/44.1 - 9/(23/16))

H. See graph at right.

9. A. {x|x#1} B. y-int. 0; x-int. 0
C.None D. VAx=1,HAy=1
E. Dec. on (=2, 1), (1, %)

F. None .

G. CU on (1, ®); CD on (-, 1)

H. See graph at right.

v



. A {x|x#=3 B y-int. =5
C. About y-axis D. VAx= =3, HAy= 0
E. Inc.on (=%, —3), (=3,0);
dec. on (0, 3), (3, ®)

F. Loc. max. f(0) = -3

G. CU on (=, —-3), (3,%);
cDon (—3.3)

H. See graph at right.

B. y-int. 0; x-int. 0
D. HAy=20

13. A R
C. About (0, 0)

E. Inc.on (=3, 3);
dec. on (=%, =3), (3, )

F. Loc. min. f(=3) = —%
loc. max. f(3) = i

G. CU on (=343, 0), (33, ); (-3,-1)
D on (=%, =3+3); (0,3+/3);

IP (0, 0), (£33, +./3/12)

H. See graph at right.

15. A. (=, 0 U (0°) B. x-int. 1 yA
C. None D.HAy= 0:VAx=0

E. Inc. on (0,2): PR
dec. on (=, 0), (2, 0)

F. Loc. max. f(2) = H

G. CU on (3,%);

CD on (==, 0), (0,3); TP (3.3)
H. See graph at right

17. A. R B. y-int. 0, x-int. 0

C. About y-axis D. HAy=1

E. Inc. on (0, ); dec. on (—2°, 0)
E. Loc. min. f(0) =0

G. CUon(—1, 1);

CD on (=%, —1), (1,2); TP (+1,%)
H. See graph at right

19. A, (—»,5] B. y-int. 0; x-int. 0, 5
C. None D. None

E. Inc. on (=%, L?) dec. on (1;!. 5)

F. Loc. max.f(fl?) = 199\/115

G. CD on (=%, 5)

H. See graph at right.

10 10Y15
Los

2. A (-%,—2)U (1.%)

B. x-int. —2,1

C. None D. None

E. Inc. on (1, ), dec. on (—co, -2)
F. None

G. CD on (-, =2), (1,®)

H. See graph at right.

APPENDIX H ANSWERS TO ODD-NUMBERED exercises |l ATl

23. A. R B. y-int. 0; x-int. 0 vA
C. About the origin y=1 ‘
D. HAy = *1

E. Inc.on (—, w) F. None
G. CU on (—%,0);
CD on (0, ®); IP 0,0)

H. See graph at right.

25. A. {x||x| = Lx#0)=[-10)UO1]

B. x-int. =1 C. About (0, 0)
D. VAx=0

E. Dec.on (—1, 0), (0, 1)

F. None

G. CUon(~1,—v2/3), (0, V2/3);
CD on (—V/i/_g, 0), (\@5 1);
1P (i\,@i, f—l/wﬁ)

H. See graph at right.

27. A. R B. y-int. 0; x-int 0,+34/3 C. About the origin
D. None E. Inc.on (o, —1), (1, o); dec. on (-1,1)

E. Loc. max. f(— 1) =2, yA

Joc. min. f(1) = —2 L8 (343, 0)

G. CU on (0, ®); CD on (—, 0);
1P (0, 0)
H. See graph at right.

(-343,0)

29. A. R B. y-int. —1; x-int. £1 yA
C. About y-axis ~ D. None \
E. Inc. on (0, ®); dec. on (=0, 0)
F. Loc. min. f(0) = -1

G. CUon (-1, 1);

cDon (=, —1), (1, 0);

IP (£1,0)

H. See graph at right.

31. A. R B. y-nt 0; x-int. nm (n an integer)

C. About the origin, period 27 D. None

E. Inc.on 2nm — mw/2,2nm + 7/2); A (Z.2)
dec. on 2nm + w/2,2nm+ 37/2) i}
E. Loc. max. f2nm +m/2) =2
loc. min. f2n + Im/2) = —2

G. CUon ((2n — 1), 2nm);

CD on (2nm, 2n + 1)m); IP (n, 0)
H. See graph at right.

33. A. (—7/2,7/2) B. y-int. 0; x-int. 0 C. About y-axis
D. VAx = =m/2

E. Inc. on (0, 7/2);
dec. on (—7/2,0)

F. Loc. mine £(0) =0
G. CU on (—7/2, 7/2)

H. See graph at right.
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35. A. (0,3m) C. None D. None
E. Inc. on (m/3, 57/3), (17/3, 3m);
dec. on (0, 7/3), (57/3,77/3)

E. Loc. min. f(m/3) = (7/6) — L3, f(m/3) = (17/6) — 13

loc. max. f(5/3) = (57/6) + 13 »
G. CU on (0, m), 2, 3m);
CD on (7, 27);

IP (m, 7/2), (2, m)

H. See graph at right.

37. A. All reals except (2n + 1)7r (n an integer)

B. y-int. 0; x-int. 2n7

C. About the origin, period 27

D. VAx= (2n + )

E. Inc.on (2n — )7, 2n + 1)m) F None

G. CU on (2nm, (2n + 1)m); CD on (2n — 1)m, 2nm);
IP (2n, 0)

43, . y=x—1 45, y=2x — 2
a1. A. (—,3) U (3,)

B. y-int. 1; x-int. §(5 = V17)
C. None

D. VAx=%;SAy= —x+ 2
E. Dec. on (—=,3), (3, )

F. None

G. CUon (3 o); CD on (=0, 1)
H. See graph at right

49. A. {x|x# 0} B. None

C. About (0,0) D. VAx= 0;SAy=x
E. Inc. on (—%, —2), (2,%);

dec. on (—2,0), (0,2)

F. Loc. max. f(—2) = =4

loc. min. f(2) = 4

G. CU on (0, ®); CD on (—, 0)

H. See graph at right.

51. A. R B. y-int. I; x-int. —1 A
C. None D.SAy=2x+1 ‘
E. Inc. on (=%, ) F. None
G. CU on (-, —/3),
(0,v3);

CD on (=v3,0), (V3. =);

P (43,1 %34/3),0,1)

H. See graph at right.

(=3, 4%\/3 +1

EXERCISES 4.6 = PAGE 255

1. Inc. on (0.92, 2.5), (2.58, »); dec. on (=, 0.92), (2.5, 2.58);
loc. max. f(2.5) = 4; loc. min. £(0.92) = —5.12, f(2.58) = 3.998;
CU on (—=, 1.46), (2.54, «);

CD on (1.46, 2.54); IP (1.46, —1.40), (2.54, 3.999)

10 4.04

2.4 2.7
-6 3.96

3. Inc. on (—15, 4.40), (18.93, =);

dec. on (—o, —15), (4.40, 18.93);

loc. max. f(4.40) = 53,800; loc. min. f(—15) = —9,700,000,
f(18.93) ~ —12,700,000; CU on (—oo, — 11.34), (0, 2.92),
(15.08, ); CD on (—11.34,0), (2.92, 15.08);

IP (0,0), = (—11.34, —6,250,000), (2.92, 31,800),

(15.08, —8,150,000)

10,000,000 60,000
f
-25 25
h -‘-' 10
—13,000,000 -30,000

5. Inc. on (=, —1.7), (—1.7, 0.24), (0.24, 1);
dec. on (1, 2.46), (2.46, ); loc. max. f)=- 5




e R e

e as

CU on (=, —1.7), (—0.506, 0.24), (2.46, ©);
CD on (—1.7, —0.506), (0.24, 2.46); IP (=0.506, —0.192)

3

7. Inc. on (—1.49, —1.07), (2.89, 4); dec. on (—4, —1.49),

(—1.07, 2.89); loc. max. f(=1.07) = 8.79; loc. min.

f(=1.49) = 8.75, f(2.89) = —9.99: CU on (=4, —1.28),

(1.28,4); CD on (—1.28, 1.28); IP (—1.28, 8.77), (1.28, —1.48)
30 10

T .

9. Inc. on (—8 - 61, -8 + \/a) dec. on (~OC, —8 — \/6_1)
(—8 + /61, 0), (0, ); CUon (—12 — /138, —12 + V138),
(0,); CD on (0, =12 — /138), (~12 + /138, 0)
75
1

(
1
;
u
o l '

0.95 =10

—-100

I1. Loc. max. f(—5.6) = 0.018, £(0.82) ~ —281.5,
f(5.2) = 0.0145; loc. min. fB) =0

‘VI 0.02
|
|
l’ -8 -35
=\ 1 A
l X
0;
|
I
~0.04
500 0.03
e 1K )
2.5 8
~1500 0

woy X+ 1A(x® + 18x2 — 44x — 16)
13- f) = x— 27 = 2

P =2 (x + 1)(x® + 36x° + 6x* — 628x7 + 684x2 + 672x + 64)
x) =
(xr = 2)%(x — 4)°
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CU on (—35.3, =5.0), (-1, =0.5), (-0.1, 2), (2,4), (4, ©);

CD on (—, —35.3), (-5.0, —-1), (-0.5, —-0.1);

IP (—35.3, —0.015), (-5.0, —0.005), (-1, 0), (—0.5, 0.00001),
(=011, 0.0000066)

I5. Inc. on (0, 0.43); dec. on (0.43, ); loc. max. £(0.43) = 0.41;
CU on (0.94, «); CD on (0, 0.94);

IP (0.94, 0.34)

0.5

0 5

17. Inc. on (~4.91, ~4.51), (0, 1.77), (4.91, 8.06), (10.79, 14.34),
(17.08, 20);

dec. on (—4.51, —4.10), (1.77, 4.10), (8.06, 10.79), (14.34, 17.08):
loc. max. f(—=4.51) =~ 0.62, f(1.77) ~ 2.58, £(8.06) ~ 3.60,
f(14.34) ~ 439

loc. min. f(10.79) ~ 2.43, £(17.08) ~ 3.49; CU on (9.60, 12.25),
(15.81, 18.65):

CD on (~4.91, ~4.10), (0, 4.10), (4.91, 9.60), (12.25, 15.81),
(18.65, 20);

IPs at (9.60, 2.95), (12.25, 3.27), (15.81, 3.91), (18.65, 4.20)

5

=5 20

19. Max. £(0.59) ~ 1, £(0.68) ~ 1, £(1.96) ~ I:

min. £(0.64) ~ 0.99996, £(1.46) ~ 0.49, £(2.73) ~ —0.51:
IP (0.61, 0.99998), (0.66, 0.99998), (1.17, 0.72),
(1.75,0.77), (2.28, 0.34)

055 « Yon ]
0.9997 -1.2
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21. For ¢ = 0, there is no IP and only one extreme point, the
origin. For ¢ < 0, there is a maximum point at the origin, two
minimum points, and two IPs, which move downward and away
from the origin as ¢ — —®.

=2.3

23. For ¢ > 0, the maximum and minimum values are always

+ 1. but the extreme points and IPs move closer to the y-axis as ¢
increases. ¢ = 0 is a transitional value: when c is replaced by —c,
the curve is reflected in the x-axis.

25. For |c| < 1, the graph has local maximum and minimum
values; for| ¢| = 1 it does not. The function increases for ¢ = 1
and decreases for ¢ < —1. As ¢ changes, the IPs move vertically
but not horizontally.

27. (a) Positive  (b)

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

EXERCISES 4.7 PAGE 262
I. (a 11,12 (b) 115, 11.5 3. 10,10
5.25mby25m 7. N=1
9. (a) \ [
SOl i ‘ 12,500 ft?
|
250
2o | | | | 9000f¢
m
|
75
b 1 ; ‘ 1
.
X i |
| | |
| |
I l
() A=xy (d) 5x+2y=750 (e) A(x)=375x — jx°

()
1.
17.

14,062.5 ft?
1000 ft by 1500 ft  13. 4000 cm’
-%%) 19 (-3 =342)

15. $191.28
21. Square, side /27

23. L/2,/3L/4  25. Base /37, height 3r/2

27. 4m%/(343)  29. m*(1+/5) 31 24cm,36cm
33. (a) Use all of the wire for the square

(b) 404/3/(9 + 4\/5) m for the square

35. Height = radius = ¥V/mem 37 V= 27RY/(9+/3)
41. E?/(4r)

43. (a) 3 s%csc 6 (csc 6 — J3cot ) (b) cos(1/4/3) = 55°
© 6slh + 5/(2v2)]

45. Row directly to B 47. =~4.85 km east of the refinery

49. 10/3/(1 + ¥/3) ft from the stronger source

5| (al/3 g b2/3)3/2

53. (b) (i) $342,491; $342/unit; $390/unit  (ii) 400

(iii) $320/unit

55. (a) p(x) =19 — px  (b) $9.50

57. (a) p(x) =550 — 5x  (b) $175  (c) $100

61.935m  65. x=06in.  67. w/6  69. ;(L + W)

71. (a) About 5.1 km from B (b) Cis close to B; C is close to

D; W/L = /25 + x?/x, where x = | BC|

(c) =1.07; no such

value (d) 41/4 = 1.6

EXERCISES 4.8 = PAGE 272

I. @ x,~23,x;,~3 (® No 3.5 5 L1797

7. 1.1785 9. —1.25 1. 1.82056420 3. 1.217562
15. 0.876726  17. —0.724492, 1.220744

19. —0.471074, 1.461070  21. 0.641714

23. —1.93822883, —1.21997997, 1.13929375, 2.98984102

25. —1.97806681, —0.82646233

27. (b) 31.622777

33.
35.
37.
39.

(a) —1.293227, —0.441731,0.507854  (b) —2.0212
(0.164419, 0.990958)
(0.410245, 0.347810)

0.76286%




EXERCISES 4.9 PAGE 279

I F=i*-3x+C 3 Fx) =x+ix —sx* +C
5. F(x)=%}+%_x:—x+c 1. F(x):4x5/4—4x7/4+c
9. F(x) = 4x** — §x¢ + C
_5/(@4x%) + € if x<0
Fley= {—5/(4,#) +C ifx>0
13. F(u) =35u° — 6u'?+C
15. G() = sinb + 5 cos@ + C
17. F(f) =2sect + V2 + G,
19. F(x)=x5—§x6+4 2. 3+ x*+Cx+D
23. 53+ Cx+D 25 S +5Ct*+Dt+E

27. x — 3x* + 8 29. 4x3? + 2x%* + 4
3. 25inz+tanr+4—2ﬁ

33, 2x* 4 3x° + 5x7 - 22x F 2
35, —sinf — cos6 + 56 +4 37. x2—2x>+9x+9
39, x2 — cos X — 1ax 41. 10 43. b

X1

45. y
IT

47. y 49. A
1\@
'_j'.ﬂ 0\ 27 X

§1. s(f) = 1 — cost — sinf 53, s(f) =3P — 12+ 3t + 1
55. s() = —10sin? — 3cost + (6/mt +3

57. (a) s(t) = 450 — 4.9t () J450/49 = 9.58 s

(c) —9.8./450/49 = —93.9 m/s  (d) About9.09s

61. 225t  63. $742.08  65. % ~118s

61. & ~587ft/s> 9. 62,500 km/h> =~ 4.82 m/s’

1. (a) 229125 mi  (b) 21.675 mi  (c) 30 min33s

(d) 55.425 mi

CHAPTER 4 REVIEW - PAGE 282

True-False Quiz

1. False 3. False 5. True 7. False 9. True
I1. True 13. False 15. True 17. True 19. True

Exercises

1. Abs. max. f(4) =3, abs. and loc. min. f(3) = 13
loc. min. f(3) =1

3. Abs. max. f(2) = 2, abs. and loc. min. f(—3) = -3

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES  |lII  AT75

5. Abs. max. f(m) = ; abs. min. £(0) = 0; loc. max.
f(m/3) = (m/3) + 1/3; lot. min. f@Qm/3) = @mn/3) — ‘\ﬁ
7.0 9.-% I3

17. A. R B. y-int. 2

C. None D. None

E. Dec.on (—»,») F. None
G. CU on (—, 0);

CD on (0, ); IP (0, 2)

H. See graph at right.

19. A. R B. y-int. 0; x-int. 0, 1
C. None D. None

E. Inc. on (14 00), dec. on (—00, ﬁ)
F. Loc. min. f(ﬁ) = —%;6

G. CU on (=%, %), (1,%);

cD on (5, 1); 1P (3. —1) (1,0)
H. See graph at right.

21. A. {x|x#0,3}

B. None C. None

D. HAy=0;VAx=0,x=3

E. Inc. on (1, 3); dec. on (=, 0),
0,1), (3,)

E. Loc. min. f(1) =%

G. CUon (0, 3), (3, ); CD on (=00, 0)
H. See graph at right.

23. A. {x|x# —8}

B. y-int. 0, x-int. 0 C. None

D. VAx=—8SAy=x—38

E. Inc. on (=%, —16), (0, );

dec. on (—16, —8), (—8,0)

F. Loc. max. f(—16) = —32;

loc. min. f(0) =0

G. CU on (—8,%); CD on (—, —8)
H. See graph at right.

25. A. [—-2,)

B. y-int. 0; x-int. =2, 0

C. None D. None

E. Inc. on (=3, ®), dect on (-2, -%)
F. Loc. min. f(—3) = NG

G. CU on (—2,®)

H. See gra']yph at right.
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27. A. R B. y-int. =2

C. About y-axis, period 27 D. None

E. Inc. on 2nm, 2n + 1)), n an integer; dec. on ((2n — 1), 2nm)

E Loc. max. f((2n + 1)m) = 2; loc. min. f(2nm) = —2
G. CU on 2nm — (w/3), 2nm + (m/3));
CD on (2nwr + (w/3), 2nm + (57/3)); IP 2nm = (m/3), -1)

29. Inc. on (—+/3, 0), (0, v3); 15
dec. on (=2, —+/3), (3, );
loc. max. f(\/g) =13,

loc. min. f(—+/3) = —3/3; —SF } 5
CU on (~+6,0), (V6, ); {\/ / J
CD on (-, =+/6), (0, V/6);

IP (6, % /6), (—v6, =% /6) o

31. Inc. on (—0.23, 0), (1.62, «); dec. on (—o, —0.23), (0, 1.62);

~—

loc. max. f(0) = 2; loc. min. £(—0.23) = 1.96, f(1.62) = —19.2;

CU on (—%, —0.12), (1.24, «);
CD on (—0.12, 1.24); IP (—0.12, 1.98), (1.24, —12.1)

15 2.5

-0 -0.5 15 04
37.(@) 0 (b) CUonR  4l. 3,/3r?
43. 4/\3cmfromD 45. L=C  47. $11.50
49. 1.297383  5I. 1.16718557

53. f(x) =2x*+ x5 + C

55. f() =t>+ 3 cost + 2

57. f(x) =ax2— x>+ 4x* +2x + 1
59. s(1) =t + cost + 2

61. y

63. No
65. (b) About 8.5 in. by 2 in.

(c) 20/+4/3 in., 20+/2/3 in.
PROBLEMS PLUS = PAGE 286

5. (—2,4),2,—-4) 1.5 9. (m/2,mY4)
1. -35<a<-25 13. @) x/(x2+1)  (b) 3
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1 dc
c dt

I15. (a) —tan 0 l:—— +

1db
b dt

pdo, de [, de b\
®) dt - ¢ dt dt ¢ dt see
/b% + ¢? — 2bc cos 6

17. @) T, =D/c,, T, =

Ts = \/4h? + D?/c,

(2hsec 0)/ci + (D — 2h tan 6) /c,,

(c) ¢ = 3.85km/s, c; = 7.66 km/s, h = 0.42 km

21. 3/(¥2 — 1) = 11;h

CHAPTER 5

EXERCISES 5.1 = PAGE 298

1. (a) 40,52

(c) 5.75,5.9375

(d) Ms

(b) 43.2,49.2

(b) 5,5.375




7. 0.2533,0.2170, 0.2101, 0.2050; 0.2
9. (a) Left: 0.8100, 0.7937, 0.7904;
right: 0.7600, 0.7770, 0.7804

Il 347f,44.8ft  13. 632L, 70L  I5. 155 ft
17. im Y Y1+ 15i/n- (15/n) 19 lim S 2% cos 2% |-~
n—o /= n—e 51\ 2n 2n / 2n

21. The region under the graph of y = tan x from 0 to 7/4

64 & n*(n + 1)*2n® + 2n — 1)
— b
— Elz (b)

23. (a) lim (c) 2

n—o

25. sin b, 1

12

EXERCISES 5.2 = PAGE 310

l. —6

The Riemann sum represents

the sum of the areas of the two
rectangles above the x-axis minus
the sum of the areas of the three
rectangles below the x-axis; that is,
the net area of the rectangles with
respect to the x-axis.

3. —0.856759 y
The Riemann sum represents
the sum of the areas of the
two rectangles above the
x-axis minus the sum of the
areas of the three rectangles
below the x-axis.

5.(@4 )6 (c)10 7. —475, -85 9. 124.1644
11. 0.3084 13. 0.30843908, 0.30981629, 0.31015563
I5.
It Rs The values of R, appear to be
5 1.933766 approaching 2.
10 1.983524
50 1.999342
100 1.999836

1 R
17 [*—5dx 19 [*Vax T adr 21 42
X
L 2+4ifn 4

2 g Pt S
Tig. 1+ @+ 4i/n n

" 8o 2
3. lim S <sinﬂ>1=—

n—o i} n n 5
33.(24 (10 () -3 @2 35 -3
37.3+57  39.25 41.0 43.3 45 225

41. ° f(x)dx  49. 122
51. 2m < [} f(x) dx < 2M by Comparison Property 8

. (™ L
$5.3< Vxdr<6 81 <[ anxdr< 3

59. Zsfj]\/l Fxidx <22

23.5 25375

69. [ix*dx 713

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES 1 AT7

EXERCISES 5.3 = PAGE 321

I. One process undoes what the other one does. See the
Fundamental Theorem of Calculus, page 320.

3. (@) 0,2,5,7,3 d vy
(®) (0, 3) |
) x=3 9
1
0| 1 X
5. y (a), (b) x?

0 1 x t

7.4 =1/x*+1)
9. g'(y) = y*siny
13. h'(x) = —sin*(1/x)/x?

Il. F'(x) = —y/1 + secx
I5. y' = /tanx + \/tan x sec’x

3(1 — 3x)° 5

L A 19. 5 21. 63

YT+ -p :
3.7 2.7 2% 2% 3.1 132
35. 0

37. The function f(x) = x *1is not continuous on the interval
[—2, 1], so FTC2 cannot be applied.

39. The function f(#) = sec 6 tan 6 is not continuous on the
interval [77/3, 7], so FTC2 cannot be applied.

41. 8 43.2

45. 375

_ —2(4x*-1)

, 39x% = 1)
.90 =— 7

9x? + 1

49. y' = 3x"*sin(x%) — sm:/; 51. /257
2x

53. (a) —2+/n,/4n — 2, n an integer > 0
®) (0,1), (—v4n =1, —=/4n — 3), and (vVan — 1, an + 1),

n an integer >0  (c) 0.74

55. (a) Loc. max. at 1 and 5; y

loc. min. at 3 and 7 :

(b) x=9 2 4/\6 8

© (3,2),4,6),(8,9) 0 \/ x
(d) See graph at right. . 1

—-24
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57.2 65 f(x) =x¥2,4=9

67. (b) Average expenditure over [0, 7]; minimize average
expenditure

69. In3 T 7 73, ¢2— 1

EXERCISES 5.4 = PAGE 329
5.3 = (/M) +C 1. 1y - X+ il —2x+C

9. 2%- 43—+ C Il -4r+C
13. 602+ cscO0+C  IS. tana + C
17. sinx + jx2 + C 10 5
20 / /0
-10 10

-6
19. 18 21.231 23,52 25 25 g -2 29 B
3. 25 338 35 1+ 77/4 37. 2 39,1
41. -35 43. 0, 1.32; 0.84 45,
47. The increase in the child’s weight (m pounds) between the
ages of 5 and 10
49. Number of gallons of oil leaked in the first 2 hours
51. Increase in revenue when production is increased from
1000 to 5000 units
53. Newton-meters (or joules)
57. (a) v(t) = ;:2 +4+5mis (b) 4162m
59. 463 kg . 14mi  63. $58,000
65. (b) At most 40%, 36 67. —cosx + coshx + C
69. ix +x+tan'x + C 71. w/6

55. (@ —3m  (b) 4m

EXERCISES 5.5
I §sin3x + C
7. —jcos(x?) + C

. 3Q2x + x)¥2 4 ¢
15. 3\B3ax + bx3 + C
21+ 22 + € 23 —Z(cotx)2 + C
25, isec’x + C 27. —1/(sinx) + C

29. “(x + P~ x4 2 4 ¢
31 3(x2 — 1)4 +C

PAGE 338
3502+ 12+ C 5 —leos'9+ C
9. 5Gx—2%+C
13. —=(1/m) cos wt + C
17. 2siny/t+ C 19, Lsin’9 + C

33, isinyx + C

N o
U7 v/

~1 -0.35
350 37.°%  39.4 41,0 43 3
(22 1) 47. 5 49. i(sin4 — sin 1)

5 2mt) |
5.V3-5 s3.6m 85 =(1-cos 2™ )L 57 5
4ar 5

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

65. —3In|5~3x|+C 67 linx)} + C
69.3(1+e PEEC T emr g

73. tan 'x + 3 In(1 + x%) + C 75. —In(1 + cos %) +C
77. Injsinx| + C 79. 2 81. In(e + 1) 83. 74
CHAPTER 5 REVIEW = PAGE 341

True-False Quiz

I. True 3. True 5. False 7. True 9. True

Il. False 13. False I5. False

Exercises
. (a) 8

3.:+m/4 5.3 1 fis o, flisb, [{f() dtisa
9.37 Il 13 -76 5. 2
19. 3sin1  21. 0
25. ;42— 212
33. F'(x) = x%(1 + x?)
(2cosx—cos\/;

37. yy =—— " V7 394
g (2x)

17. Does not exist
23. [1/Q2m)] sinmt + €

29. 2y1 +sinx+C 31, ¢

35. g'(x) = 4xcos(x?)

< V¥t +3dr<4.3

43. 0.280981

45. Number of barrels of oil consumed from Jan. 1, 2000, through
Jan. 1, 2008

47. 72,400 49. 3 51. (1 + x?)(x cos x + sin x)/x?

PROBLEMS PLUS » PAGE 345

L@/2 3 fx)=ix 5 -1 7. [-1,2]

9. (@300 Dn () 3[612b - [6] — 1) - o] (2 — la] - D
I5. 2(¢§ -1)
CHAPTER 6

EXERCISES 6.1 = PAGE 352

L2 3.4 5195 7.4
15. 643 1.2 19.2 g

L5 1372
23. }

wio g
win

25.2-m/2 2.7 29.65 31.3/3-1

33. 06407  35.0,0.90;0.04  37.838  39. 12,6 -9
41. 1175t 43. 4232 cm?

45. (a) CarA  (b) The distance by which A is ahead of B after
I minute (c) Car A (d) t = 2.2 min

4. 33 49. 4% 51, +6 53 In2 -3

55.2-2In2




EXERCISES 6.2 -

. 197/12

3. w/2

5. 1627

7. 47/21

9. 647/15

1. 7/6

y

PAGE 362

(6,9)

x= 2\/")'

1L1)

x=2y

5 4,2)

Eo— —

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES I AT79

13. 27r(§7r = \/5)

£53) oy ()

15. 167/15 3 g
L

17. 297/30

Y

_'] 0 X i 0 X
x=-1 :

19. 7/7 21. /10 23. w/2 25. 7m/15
27. 5w/14  29. 137/30 3L 7 [7* (1 — tan’x) dx
33. 7 [7[1? — (1 — sinx)*]dx

35. w2 [s7 - (VT+ 2 +2)]ay

37. —1.288, 0.884; 23.780 39. § o

41. Solid obtained by rotating the region 0 < y < cos x,
0 < x < m/2 about the x-axis _
43. Solid obtained by rotating the region above the x-axis bounded
by x = y?and x = y* about the y-axis

45. 1110cm®  47. (a) 196 (b) 838  49. imr’h

51. wh*(r —3h)  53. 3b%h  55. 10cm®  57. 24
59.7 6l

63. (a) 87R |(; Jr2 —ytdy (b) 27*r°R

65. (b) mr*h  61. Sar’®  69. 8 [1/RT— y Jrr —yidy

EXERCISES 6.3 = PAGE 368

I. Circumference = 21rx, height = x(x — 1)% @/15

y y




A80 |||

1. 7687/7

13. 1677/3
19. 57/14 21.
23. [ 2m(x + 1)[sin(mx/2) — x*] dx

I15. 77/15
[37 27 sin x dx

17. 87/3

25. [72m(4 — y)\/sinydy  27. 3.68

29. Solid obtained by rotating the region 0 < y < x*, 0 < x < 3
about the y-axis

31. Solid obtained by rotating the region bounded by
(Mx=1-y*,x=0,andy=0,or (i) x = y2, x = l,andy =0
about the line y = 3
33. 0, 1.32;4.05

41. 3 43, im?

35. 570 37. 87w 39. $n

45. 1 7rh

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

EXERCISES 6.4 = PAGE 373

I.588]  3.9ftlb 5 180) 7. Dfepp

9. (a5 ~104] (b) 108cm  II. W, = 3W,
13. (a) 625ft-Ib (b) “2ft-Ib 15, 650,000 ft-Ib
17. 38571 19. 24507  21. =1.06 X 10°J

23. ~1.04 X 10°ft-Ib  25.20m 29, Gm1m2<l ~ l)
a b

EXERCISES 6.5 = PAGE 377

L3 3% 5 %5026-1) 1 2/50)
9. @1 ()24 (@ v

4_

1...

0

1. (@) 4/ (b) =1.24,2.81
(©) 3

0 = c; 7
5. 383 17. (50 + 28/m)°F ~ 59°F 19, 6 kg/m
21. 5/(4m ~04L
CHAPTER 6 REVIEW « PAGE 378
Exercises
LS 3% S i+d4/m 1 64m/15 9. 1656m/5
1. 7 (2ah + h?)*? 13. fff/327r(77'/2 — x)(cos® — 1) dx
I5. (@) 2@/15 (b) w/6 (c) 8m/15
17. (a) 0.38  (b) 0.87

19. Solid obtained by rotating the region 0 < y < cos x,

0 < x < 7/2 about the y-axis

21. Solid obtained by rotating the region 0 < x < 7, :
0 < y < 2 — sin x about the x-axis |
23.36 25 2.,3m® 27.32)

29. (a) 80007/3 ~ 8378 ft-Ib  (b) 2.1 ft 3. f(x)

PROBLEMS PLUS = PAGE 380

I @ f() =3 () f®)=v2x/m 3. %

5. (b) 0.2261 (c) 0.6736 m

@ @) 312/(10577) ~ 0.003in/s (ii) 3707/3 s = 6.5 min
9. y=73x’

. @ V=[lalfMFdy () f(y) = VkA/(=C)y"*
Advantage: the markings oh the container are equally spaced.
13. b=2a I5. B= 16A




CHAPTER 7

EXERCISES 7.1 = PAGE 391

I. (@) See Definition 1.

(b) It must pass the Horizontal Line Test.
3. No 5. Yes 7. No 9. No
15. No 17. 2 19. 4

21. F =3 C + 32; the Fahrenheit temperature as a function of the
Celsius temperature; [—273.15, )

23 fl)=3-3x 25 flx)=-ix2+® x=0

Il. Yes 13. No

0 6

35. (b) —3
© f'x) =¥, © f'(x) =+9 - x,
domain = R = range domain = [0, 9], range = [0, 3]

(e) y (e) v
f 9

33. (b) &

w

37.3 39.2/m 4L}

43.

@) = =(Y/4/6)(/D — 27x* ¥ 20 — YD + 27x* — 20 + ¥2),
where D = 3./3/27x* — 40x> + 16; two of the expressions are
complex.

45. (a) g7'(x) =f"'(x) — ¢

(b) h™'(x) = (1/¢)f'(x)

EXERCISES 7.2 = PAGE 402

l. (@) fx) =aa>0 (@®) R (c) (0,»)

(d) See Figures 6(c), 6(b), and 6(a), respectively.

All approach 0 as x — —oo,
all pass through (0, 1), and
all are increasing. The larger
the base, the faster the rate of
increase.

3. 5 =200 y=5" y=e'

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES ||| A8l

The functions with base
greater than 1 are increasing
and those with base less than
1 are decreasing. The latter
are reflections of the former
about the y-axis.

S =) =y ym0 y-

0 x 0 x
_"/ﬂ:_

y=

13. (@ y=e"—2 (b)y=e"? (c)y=—¢
@y=e* (e y=—e"

I5. (a) (=%, %) (b) (—,0) U (0, )

17. f(x) =3-2* 21. Atx = 35.8 23, © 25. 1
27. 0 29. 0 3L f/(x) = e*(x* + 3x2 + 2x + 2)

33y =3ax’e™ 35 f'(u) = (~1/u)e""
37. F'(t) = e""¥(2¢t cos 2t + sin 21)

39. y' = 3e*/{/1 + 2e> 41. y' = ee*

8.y - (ad — bc)e* 45,y — 4% sin 1 —e¥
’ (ce* + d)? ' 1 + &¥)? 1 + e

47. y=2x+1 49. y' = (1 — 2xye‘2’)/(x2e*2v" = 1)

53. —4,-2 55. f"”(x) = Qne2* 57. (b) —0.567143

59. (a) 1 (b) kae™™/(1 + ae™)?

() 1 t=74h

[ p=o0s ]

0 10

6. =1  63. f(2) =2/\e, f(~1) = —1/¥e

65. (a) Inc. on (2, ); dec. on (—, 2)

(b) CUon (=,3);CDon (3,%) (c) (3, —2¢7%)
67. A. {x|x# -1}

B. y-int. I/e  C. None

D. HAy=1;VAx= -1

E. Inc. on (=%, —1), (=1, »)
F. None *

G. CUon (-, —1), (=1, —3);
CD on (-3, ®); IP (-3, 1/€?)
H. See graph at right




as2 |l

69. 28.57 min, when the rate of increase of drug level in the blood-
stream is greatest; 85.71 min, when rate of decrease is greatest
71. Loc. max. f(— 1/4/3) = 2V = 1.5;
loc. min. f(1/43) = e =0T,
1P (—0.15, 1.15), (—1.09, 0.82)
18

=2 1.2

75. 20 + e+ C
79. -+ C
85. me? — 1/2 89. 3

73. 11— )
77. 1e¥* + 2x — le+ C
gl. 2 +C 83 4.644

EXERCISES 7.3 ° PAGE 409

1. (a) It’s defined as the inverse of the exponemial function with
base a, that is, 10gaX = ¥ Ear =

®) 0,») @R (d) See Figure 1.
3.3 O =3 5. (a) —2 () 15
7. @3 (®) —2
9.310g2x+10g2y—210ggz 1. 10lnu + 101Inv
13. logi(ac/b) 15. In 1215
+x2
17. ln(—lf_x’)‘\é
sin x
19. (a) 0.402430 (b) 1.454240 (c) 1.651496
A B y=log,sx All graphs approach
y=Inx — oo as x — 07, all pass
y=logx through (1, 0), and all
0 4 i S The
- - are increasing.
y=logsoX arger the base, the
slower the rate of
increase.
-5
23. (a) (b)

sl

x
|
|
[
i

25. (a) Ve (b) —In5
27. (a) 5 + loga30rS + (n3)/lm2 (®) +V1+ 4e)
29. —3,0 3¢ 33 In3

35. (a) 0.5210
37. (a) x<In 10 (b) x> 1/e

39. About 1,084,588 mi 41. 83

43. (a) f'n)= (3/In2) In(n/100); the time elapsed when there
are n bacteria (b) After about 26.9 hours

45, —* 47. 0 49. x© 51. (=, -3) U (3, )

§3. (@) (— i3] ® £(x) =3B = ¥, [0.v3)
57. f'(x) = Jn x 59. y = 1

(b) 3.0949

55, y = e* — e
y=e -3 10 — 1

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

v

61. (—3In 3,0) 63 (=% 0), (4, %)
65. (b) f “(x) = 1 Gl ™) 67. f is a constant function
7 —1<x<1- J3orl +3<x=<3

EXERCISES 7.4 = PAGE 419

1. The differentiation formula is simplest.
cos(In x) 3
3. i x))==" 5. f(X) =71
) x f® =G -2
G

1 Lo Smx )
7. flx) = Sxm 9 fix) = . + cos x In(5x)

6 12 gy2 =1
. F==——="3;-1 13, a'(x) = il
® 2n+1 3t-1 g'(x) x(x* = 1)
1+ 1In2
15. /(W) = T = 1) 1P 17. ') = 3> = 3
f'(w) 0+ @) () =3t* —3'In3
19 ,_—l()l_j_l’ M.y = %
" SXZ +x—2 a 1 +x
1 2
3.y = +logox 25-) < 5-1/%(In 5)/x
In 10
27,y =x+ 2% In(2x);y" =3+ 2 In(2x)
I = 1 ol = —X
29- i /1 +X2’> (1 +x2)3/2
2x— 1= %= 1 In(x — 1
3. f'(%) =_,_,,_L..—)——(__Tl;
x — D[l - In(x — ]2

(1,1+e)U(1 + e, ®)

33, /) = %&,:% (—,0) U (2,%)
1
2

35. 37.y=3x—2 39. cosx + 1/x
10 24x?
41. y' = 2x + 1)5(/\'4 . 3)6<—£X’:‘1‘ + ‘x’“t’3>
B,y = sinx tan‘x (2 et 4sec’x 74x )
(x> + 1) tan x xt+1
45. y' = x*(1 + Inx)
41. y' = x““’(s‘zx + cos x In x)

49. y' = (cos x)*(—xtanx + In cos X)

sec’x In tan x
51. 7’=tanx1/"——,——/ i
y' = (an) (xtanx x*
i = DY

2
g T T

Xy -
57. 2958516, 5290718
59. CU on (¢** %), CD on (0, ¢**), IP (e, %e“‘”)
61. A. Allxin (nm, 2n + 1)m) (nan integer)
B. x-int. w/2 + 2nm C. Period 2m  D. VA x = nm
E. Inc.on (2nm, /2 + 2nm); dec. on (m/2 + 2nm @2n +
F. Loc. max. fm/2 + wmm =0 G CD on (2n, @2n -

|
|
|
|




63. A. R B. y-int 0; x-int. 0
C. About y-axis D. None
E. Inc. on (0, «);

dec. on (=2, 0)

F. Loc. min. f(0) = 0

G. CUon (—1,1); CD on
(=0, —1), (1, ®);

IP (£1,In2) H. See graph at right.

65. Inc. on (0, 2.7), (4.5, 8.2), (10.9, 14.3);

IP (3.8, 1.7), (5.7, 2.1), (10.0, 2.7), (12.0, 2.9)

67. (a) y = ab' where a = 100.01244 and b = 0.000045146
(b) —670.63 pA

69.3In2 71 iIn} 73 ie’+e—3
75. 1(nx)* + C 77. —In(1 + cos’x) + C
83. wIn2  85. 45974]  87.;
89.0<m<l1lm—1—1Inm

79. 90/(In 10)

EXERCISES 7.2% = PAGE 428

l.2Inr—In3—3lns 3. 10lnu+ 10lnv

(1 + x)V/x

5. In 1215 7. In -
sin x

13. — 15 f(x) = (2 + Inx)/(2x)

17. f'(x) _cosnn) g iy ZE_(lTn_T)T

21 f'(x) = il;—x +cosxIn(5x)  23. ¢'(x) = —2a/(a® — x?)

6 12 2x% — 1
25. F'() = - 27. ¢'(x) = ————
O=2T 3 -1 90 =T -1
1+1n2 10x + 1
29. ! - 3| ) = —
£ u[l + In(2u)]? ? Sx2+x—2
33. y' = sec(l +b
y' = sec’(In(ax + b)) —

35. y' = x + 2xIn(2x);y" = 3 + 2In(2x)
x—1—-(x—-1In(x-1)

i 2
37. f'(x) = (x — D[1 = In(x — 1)]* °

(1,1+e) U +ex

1

1
39. f'(x) = T (0,e] 4l.; 43.cosx+ 1/x
45. y=2x—2 47 .
i * Y x2+yr—2y
—1)"(n = 1)
49. f"(x) = (—2—%7—) 51. 2.958516, 5.290718
=

53. A. All xin 2nm, 2n + 1)7) (n an integer)
B. x-int. 7/2 + 2nm  C. Period 27 D. VAx =nmw

E. Inc. on (2nm, 7/2 + 2nmw); dec. on (7/2 + 2nm, 2n + 1)m)
F. Loc. max. f(m/2 + 2nm) =0 G. CDon (2nm, 2n + 1))

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES  |[]| A83

H. I N T e [ N
I [ [ D
I o [ R B
[ T I I
—47 =37 2w -7 7 2m 3w 4w
ﬂ ﬂ Oﬂ ﬂ DX
55. A. R B. y-int O; x-int. 0 y

C. About y-axis D. None
E. Inc. on (0, «);

dec. on (—, 0)

F. Loc. min. f(0) = 0

G. CUon(—1,1); CD on
(=, —1), (1, ®);
IP(+1,In2) H. See graph at right.

57. Inc. on (0, 2.7), (4.5, 8.2), (10.9, 14.3);
IP (3.8, 1.7), (5.7, 2.1), (10.0, 2.7), (12.0, 2.9)

10 24x3
59. y = (2x + 1’(x* = 3)° +
Y2 i 3)<2x+1 x4—3>

8l 5= sin’x tan‘x <2 cof 4sec’x  4x >

(x*+ 1) tan x xt+1
63.3In2 65 lnd 67 ie+e—3  69.3(nx)’+C
71. —In(1 + cos’x) + C 75. wln2 71. 459741

79. 1 8l. (b) 0.405 85. 0<m<1lm—1—Inm

EXERCISES 7.3*% - PAGE 435
. y If f(x) = e* then f'(0) = 1.
4
3

2

e

-2 -1 0 1 2 x
3. % (10 5 (e (b) —In5

7. @ nk—1) () 5(1+V1+4e)
9. 3,0 Il.In3
13. (a) 0.5210  (b) 3.0949

15. (a) x<In10 (b) x> 1/e

17. y 19. Y
y=1
3 L_./_
0.3) A
0 x
y=et
¥ )’*1_1537)
—_—
-2 0 2 x

2. @@ (-,im3]  ®) ') =4mE - ).[0,v3)
3. y=e-3 25 f'@=Vmx 2.1 29.0
3.0 33. f'(x) = e*(x® +3x* + 2x + 2)

35. y =3ax%™ 31 f'(w= (—=1/u®)e"™

39. F'(1) = e'¥(2¢ cos 2t + sin 21)

©



A84 |||| APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES
41. y' =3e¥//1 + 2e* 43, y' = ee”
45. v’ (ad — bc)e” 47, v 4e¥ 1=
P Y= : = = sin =

YT e+ d)? I T T
49. y=2x+1 5I.yy =(1 — 2xye’2")/(xze‘2-‘ -1)
55. —4, -2  57. f"(x) = 2"e¥ 59. (b) —0.567143
61. @) 1 (b) kae ™ /(1 + ae™™)?
(©) 1 t=74h

( p=028 A

0 10

63. —1 65. f(2) =2/\/e, f(—1) = —1/3/e

67. (a) Inc. on (2, ®); dec. on (—, 2)

(b) CUon (=, 3); CDon (3,%2) (c) (3, —2¢7?)
69. A. {x|x# —1}

B. y-int. /e C. None

D. HAy=1;VAx = —1

E. Inc. on (—, —1), (—1, »)
F. None

G. CUon (-, —1), (-1, —%);
CD on (—1,); IP (=3, 1/¢?)
H. See graph at right

71. 28.57 min, when the rate of increase of drug level in the blood-
stream is greatest; 85.71 min, when rate of decrease is greatest

2.3

73. Loc. max. f(—l/\/g) = g2 &= 1.5;
loc. min. £(1/4/3) = e 2¥*° = 0.7;
IP (—0.15, 1.15), (—1.09, 0.82)

1.8

i

-2 1.2

77. 31 + &¥)* + C
8l. —e™* + C
87. me>—1)/2 9.3

75. 1(1 — V)
79. %ez’ +2x —3e >+ C
83. 2¢V*+ C  85. 4.644

EXERCISES 7.4*% = PAGE 445

. (@ a*=e"""  (b) (—»,%) (c) (0,)
(d) See Figures 1,3,and2. 3. ¢Y/"5 5, g¥lncoss

7. (a3 (b) -3 9. (@3 (b) -2
1. 5 y=20% y=5' y=¢* All approach 0 as x — —,
i _ all pass through (0, 1), and
»=2" 4l are increasing. The larg-
er the base, the faster the
rate of increase.
-1 2

13. (a) 0.402430 (c) 1.651496
I5. _y=log,sx All graphs approach

" —®as x — 07, all pass
<L y=log,ex through (1, 0), and a
e e Y
-y =logsox

(b) 1.454240

are increasing. The
larger the base, the
slower the rate of
increase.

17. f(x) =3:2*
2], © 23. 0
25. h'(f) = 3t> — 3'In3 27. y' = 5""*(In 5)/x?
29. f'(u) = 10102 (2* + 27%)°(2* — 27%)

51 Pl 35, )
=G T me i

19. (b) About 1,084,588 mi

n10 T OB

. [ sinx
35. y' =x*(1 + Inx) 37. y' = x““"(
x

+ cosx In x)

39. y' = (cos x)*(—xtanx + In cos x)

) e sec’x  Intanx
41. y' = (tan x)"/*| ——— — >

X tan x X

43. y=(10In10)x + 10(1 — In 10)  45. 90/(In 10)
47. (Inx¥(21n10) + C [or 1(in 10)(logio x)* + C]
49. 313+ C 51 16/(5In5) — 1/(2In2)

1
53. 0.600967 55. y= 0 =1 57. 8.3

59. 10%/In 10 dB/(watt/m?)
61. (a) y = ab' where a = 100.01244 and b = 0.000045146
(b) —670.63 pA

EXERCISES 7.5 = PAGE 453

l. About 235

3. (a) 100(4.2)" (b) =7409
(d) (In100)/(In4.2) =3.2h

5. (a) 1508 million, 1871 million  (b) 2161 million

(c) 3972 million; wars in the first half of century, increased life
expectancy in second half

7. (a) Ce ™™ (b) —2000In0.9 =~ 211

9. (a) 100 X 27" mg (b) =9.92mg (c) =199.3 years
11. =2500 years 13. (a) =137°F (b) =116 min

I5. (a) 13.3°C  (b) =67.74 min

17. (a) =64.5kPa (b) =39.9 kPa

19. (a) (i) $3828.84 (i) $3840.25 (iii) $3850.08

(iv) $3851.61 (v) $3852.01 (vi) $3852.08

(b) dA/dt = 0.05A, A(0) = 3000

(c) =10,632 bacteria/h

EXERCISES 7.6 = PAGE 461
I. (a @/3 () = 3. (a) w/4 (b) w/4
5. 10 () w/3 T.2//5 9.%:2

13. x/4/1 + x?




I5. m
2 y=sin 'x
/
7 y=sinx .
/ The second graph is
~ . the reflection of the
2 2 first graph about the
line y = x.
7/
&
7
=
23 I = __1___ 25 L ___1___
e 2/x(1 + x) " =Xt =%
arccos
27 G = -1 - e 29y = 2T e
— X
31. y = —(sin 6)/(1 + cos?6) 33. W'(1) =0

35. y' = /a? — b*(a + bcosx)
37. g'(x) = 2/v1 — (3 — 2% [1, 2], (1, 2) 39. 7/6

X arcsin x
41. 1 - ——_\/T—_x—z
47. At a distance 5 — 2+/5 from A

43, —7/2 45. 7/2
49. }rad/s

51. A. [-3,%) s

B. y-int. 0; x-int. O y=
& Newe 0 T
D. HAy = 7/2 1
E. Inc. on (—% 00)

F. None

G. CDon (-3, )
H. See graph at right

53. A. R >

B. y-int. 0; x-int. 0 7
C. About (0, 0)

D. SAy=x* /2
E. Inc.onR F None 0] 4 x
G. CUon (0,0);CDon (-%,0); / ~
IP (0, 0) 7
H. See graph at right.

55. Max. at x = 0, min. at x = =0.87, I[P at x = +0.52
57. tan 'x + x+ C
59. 7 61. m/12

65. In|sin"'x| + C
69. 2tan"'Wx + C

63. tan"'x + 3In(1 + x?) + C
67. isin”'t* + C
73. w/2 -1

EXERCISES 7.7 = PAGE 468

L@0 @1 3.(@;i (O i(*—e?)=362686
5.1 (b0

21. sechx =2, sinhx = 4 cschx = 2 tanhx = i cothx = 3

22. a1 () -1 (@©® (@-> (@O0 (f) 1
(e - @O

31. f'(x) = xcosh x 33. h'(x) = tanhx

35. y' = 3¢“"* sinh 3x 37. f'(t) = —2¢" sech’(¢’) tanh(e’)

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES 11 A85

sech’x —2sinh x

39. yy =——5— 41. G’ =——
4 1 + tanh’x () (1 + cosh x)?

.y ! 45, ' = siki=(x/3)
w Y =TT A .y =81 X
Y Tk - 4
=1

47. y = ———

N
51. (a) 0.3572  (b) 70.34°
53. (b) y = 2 sinh 3x — 4 cosh 3x

55. (In (1 + v2),+2)

57. cosh’x + C 59. 2 coshy/x + C  6l. —cschx + C

6+ 33

: —_— A “le* +
63 1n< R ﬁ) 65. tanh ‘e (B
67. (a) 0,0.48 (b) 0.04

EXERCISES 7.8 =~ PAGE 478

. (a) Indeterminate (b) 0 (c) 0

(d) e, —e, or does not exist  (e) Indeterminate

3. (a) — (b) Indeterminate  (c) *®

5.2 1.7 9. -» Il.o 13.p/q

5,0 17. - 19.0 2.3 23.1

25. In?  27.1 2.L 38l.o 33 -1/#°
35. la(a—1) 37.5 397 4.3 4.0
45. —2/m AT} 49.;
55. ¢ 57. ¢° 59. 1 6l. ¢*
63. 1/JJe 65 ¢ 61

69. A. R B. y-int. 0; x-int. 0 y
C. None D.HAy=0 (.2)
E. Inc. on (=0, 1), dec. on (1, %)
F. Loc. max. f(1) = 1/e

G. CU on (2, ®); CD on (=%, 2)
IP (2, 2/e?)

H. See graph at right.

71. A. R B. y-int. 0; x-int. 0 C. About 0,00 D. HAy=0
E. Inc. on (—1/+/2, 1/4/2); dec. on (=, —1/4/2), (1//2, )

E Loc. min. f(—=1/+2) = —1/+/2¢; loc. max. f(1/v2) = 1/+/2¢
G. CU on (=372, 0), (v372, %); CD on (=, —3/2), (0, v/3/2);
1P (+/3/2, £4/3/2¢7*2), (0, 0)

H. 1 &)
V2' J2e

\/\0 %
73. A. (—1,%) B. y-int. 0; x-int. 0
C.None D. VAx= -1
E. Inc. on (0, ®); dec. on (=1, 0)
F. Loc. min. f(0) =.0

G. CUon (—1,)
H. See graph at right.




s

A6 ][]

75. (a) 1.6

0 3

(b) limyo+x " =1

(c) Max. value f(1/e) = e/* =~ 1.44 (d) 1.0

77. (@) 2

|

() limy—o+ x'F =0, lim, e x'* =1

(c) Max. value f(e) = e/ = 1.44  (d) IP atx = 0.58, 4.37

79. 3

For ¢ > 0, lim,—. f(x) = 0 and lim,—_» f(x) = —.

For ¢ < 0, lim,—» f(x) = o and lim, - f(x) = 0.

As | ¢ | increases, the maximum and minimum points and the IPs
get closer to the origin.

8l.1 87. 76 89.56 97.i 99.(a) 0
CHAPTER 7 REVIEW = PAGE 483

True-False Quiz

I. True 3. False 5. True 7. True 9. False
1. False 13. False I15. True 17. True
Exercises

I.LNo 3.(7 ()3
5.

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

9. y
e y=m
0
____________ y=-m
1. a9 (b)2 13. ¢!
15. Inln 17 17. V1 + e

19. tan1 21, f'(t) =t + 2tInt
23. h'(6) = 2 sec*(20)e™*  25. y' =5 sec 5x

27. y' = (1 + c?)e“sinx 29. y =2tanx
Vx1 + 2x
3.y = —%—l 33,y = 3" (n 3)(1 + Inx)

35. H'(v) = (v/(1 + v?)) + tan™'v
37. y' = 2x?cosh(x?) + sinh(x?)
39. y' =cotx —sinxcosx  4l. y' = —(1/x)[1 + 1/(In x)*]
43. y' =3tanh3x  45. y' = (coshx)/+/sinh?x — 1
—3 sin(e¥™ )" ¥ sec?(3x)

2./tan 3x
53. 2*(In 2)"

a1y = 29. f'(x) = g'(x)e?”

51. g'(x)/g9(x) 57. y=—x+2

59. (—3,0) 6l (a) y=3ix+;(Ind+1) (b) y=ex
63.0 65.0 67. —=  69. —1 .7 73.8
75.0  77.3

79. A. {x|x# 0} B. None y

C. About(0,0) D. HAy=20 T

E. Dec. on (—, 0) and (0, )
F. None 0 =
G. CU on (0, ); CD on (—°, 0) —

H. See graph at right.

8l. A. (0,©) B. x-int. 1

C. None D. None

E. Inc. on (1/e, ®); dec. on (0, 1/e)
E. Loc. min. f(1/e) = —1/e

G. CU on (0, «)

H. See graph at right.

(1/e,—1/e)

83. A. R B. yint. 0,x-int.t 0 C. None D.HAy= 0
E. Inc. on (—, 1), dec.on(}, ) F Loc. max. f(3) = 1/(2e)
G. CU on (1,»); CDon (=%, 1);IP (1,e7?)

H. y

(2

<)

ol—

(1,e3)

0 1 x




85. 1 (+0.82, 0.22); (£+/2/3, e7?)

-5 5
0

87. v(7) = —Ae “'[c cos(wt + 8) + wsin(wt + §)],

a(t) = Ae '[(c* — w?) cos(wt + §) + 2cw sin(wr + 8)]
89. (a) 200(3.24)" (b) =22,040

() =25910bacteria/h  (d) (In50)/(In3.24) = 3.33h
91. 432days  93. 3(1 —e?) 95 arctane — /4

97. 2"+ C  99. 3In|x*+2x| + C

101. —i[In(cos x)]* + C  103. 2*%In2 + C
105. —(1/x) — 2In|x|+x+ C  109. e¥*/(2x)
. iind4 13 7%4 15,3 17. 2/e
121, f(x) = e*(1 + 2x)/(1 — ™)

PROBLEMS PLUS = PAGE 487

7.1/V2 9.3 13. 24/e

15. a<e'*

CHAPTER 8

EXERCISES 8.1 » PAGE 493

Lix®lnx—3x*+C 3. ixsinSx+3cos5x+ C
5 2(r —2)e*+ C

I ., 2 . 2
7. —x*cosmx + — xsinwx + — cos mx + C

T T 7

9. i2x + )In@x+ 1) —x+ C
1l.  arctan 4t — ¢ In(1 + 16¢%) + C
13. 3rtan 27 — ;In|sec 2t| + C

15. x(Inx)> — 2xlnx +2x + C

17. 5e*(2sin36 — 3cos 36) + C
19. m/3 2l.1-1/e 23.;-3In2 25 ;—je’
27. (1-,(77+6—3\/§) 29. sinx(Insinx — 1) + C

3. (2P - Sn2+ 5

33. 2 /xsinvx +2cosVx+C 35 —3— m/4

3. Mx2 - DIn(1 +x) - x> +3x+ 3+ C

39. 2x+ e+ C 7

¢ AfF
/ |l.5

=35 —

4. 3% + 2= EU + xR+ C

43. (b) —icosxsin’x +ix — sin2x + C

45. b) 2,& 51 x(Inx)* = 3x(Inx)* + 6xlnx — 6x + C
53, 2 —D,2 55 10475,2.8731;2.1828  57. 4 — 8/

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES 11 A87

59. 2me 6l 5In3 — %
65. 2

63. 2 —e¢'(t*+2t+2)m

EXERCISES 8.2 = PAGE 501

1 1 11
I. scos’x —3cos’x + C 3. —35

5. .y sin®(mx) — 2 sin’(7x) + L sin’(7rx) + C
37 Sw T

7. w/4  9.3w/8 130 +2sin@ +;sin20+ C

13. 7/16  15. Z+/sina (45 — 18 sin’a + 15sin‘a) + C

17. Jcos’x — In|cosx| + C  19. In|sinx| + 2sinx + C

21, tan’x + € 23. tanx —x+ C

25. Ltant + 2tan’r + tant + C 27. 4

29. isec’x — secx + C

31. jsec’x — tan’x + In|secx| + C

33. ttan® + ; tan*6 + C

35. xsecx — In|secx + tanx| + C 37. /3 - inw

39. fcscla —tesc®a+ C 4l Injesex — cotx| + C

43. —écos3x—§c0513x+C 45.§sin40~ﬁsin66+C

47. isin2x + C 49. jstan’(1?) + C

51. 1x? — Lsin(x?) cos(x?) + C  53. gsin3x — fsin9x + C

™ 1
‘\ f 1
9" F
~T TN = =2 2
[\;\\/\\/; J { J
(VR
v

- =1

63. w(2v2 - 3)

55. 0 57. 1 59. 0
65. s = (1 — cos’wt)/(Bw)

EXERCISES 8.3 =« PAGE 508

LVx2=9/0x)+C 3.3(x*—18)yx2+9+C
5. w24 +/3/8 -5 1. —/25 —x¥/(25x) + C

9. n(vx2+ 16 +x) +C Il jsin'2x) + 5xy/1 - 4x2 + C
13. isec'(x/3) — Vx2—9/(2x}) + C

I5. sma* 17. Yx* -7+ C

19. In| (VT + %2 = 1)/x| + VT + 22+ C 2l 5w
23. 3sin'(x — 2)/3) +3(x —2)y/5S+4x—x2+ C
25. Ve +x+1 -t +x+1+x+3)+C
27. Jx + D)X+ 2x —3lnjx + 1 + V/x2 + x|+ C
29. isin7'(x?) +3x*3/1 - x4+ C

33. }(\/48 —sec™'7)  37. 0.81,2;2.10

41. r/R? — r* + mr¥/2 — R*arcsin(r/R) 43, 27°Rr?
EXERCISES 8.4 = PAGE 517
"B E s Bt i x x+1 (x+1)7

3()i+£+£+Dx+E
> (@ X x* x> ,.x2+4
A " B - C N D
x+3 (x+3)? x-3 (x-3)3

(b)




Ass |||
A B Cx+ D
5 (a) 1+ + + =
x—1 x o1 x* 41
(b)At+B Ct+D Et+ F
12+ 1 2+4 (P +4)7

7.x+6In|x—6|+C
9.21n|x+5|—1nix~2|+C
13. aln|x—b|+C 15 ¢ +Inj
17. 2{1n2—§ln3(orgln§)

1.3
1. 51n3

1 1
+—In|x—-1|+C
x+5 36

21. 1x2 — 21n(x* + 4) + 2tan”'(x/2) + C

23. 2In|x| + (1/x) + 3In|x + 2|+ C

25. In|x— 1| — jIn(x> +9) — 3tan”'(x/3) + C
27. 3In(x* + 1) + (l/ﬁ)tan"(x/ﬁ) +C

1 1
19. ——In|x+ 5]+ —
9 36n|x 5] o

, ¢+ 1
29. 3In(x* + 2x + 5) + itan*(*T) +C

3. iln|x— 1| —gl&x*+x+1) lta"2x+l+C
.3 X = =% X° X —7—— N "=
3 V3

wioo

33. ;In 35. % In|x| — 5 In(x* + 4) +

e g
8(x2 + 4)

x—=2 3x— 8
37. 14/2 tan™! + +
V2 an(ﬁ) 4(x2 — 4x + 6)

Jiti1-1]
39, 1n}—*——— L
}\/x+1+1
4. 2+m% B HE+ DG+ DFHC

45. 25 +3x+6¥x+6m|x—1]+C
,\+ 2
47. 1n[—(e——a]+c

e" =1
49. In|tanz + 1| —In|tant + 2| + C

2x — 1
51. (x*é)ln(xz—x-k2)—2x+ﬁtan*'< J\ﬁ >+C
§3. —3In3 =~ —055

2 tan(x/2) — 1

+C 593l
L tan(x/2) + 2

55. 5 1In

6l. 4In+2 63 —1+ 752
65. 1 = —In P — 51n(0.9P + 900) + C, where C =~ 10.23
24110 1 668 1 9438 1

67. @) e79 Sr+2 323 2x+1 80,155 3x — 7
1 22,098x + 48,935
260,015 x2+x+5
© B2 s o] - 2 ae 4 1| - |3 - 7] +
4879 323 80,155
11,049 75,772 e+ 1
_—_260,015 In(x? + x +5) + 260,015\/T§ tan™! N + C

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

APPENDIX H ANSWERS TO CDD-NUMBERED EXERCISES

EXERCISES 8.5 = PAGE 524

. 1 .
sinx + 3sin’x + C

1.

3. sinx + In|cscx — cotx| + C

5.4—-1n9 T.eMt—e™

9. 8m3 -2 ;G —4x+5+tanx-2)+C

13. §costd — g cos’d + C (or §sin‘d — 3sin°@ + § sin®9 + C)
15. x//1—x2+ C
17. 1x* — 3xsinx cos x + lsin’x + C
(or § 2—}xsian—écosbc—kC)
19. ¢+ C 2l (x + 1)arctan yx — Jx+C
23. % 25 3x+3m|x—4]|-ih|x+2]|+C
7. x-In(1+e)+C 2915+ 7}
3. sinlx— /T —x2+C
33.2sin“<x+1>+x+lm+c

2 2
35.0 37.7/8-: 39 In|secf— 1| —Infsecd|+C
41, 0tan 0 — 16> —In|sec 6] + C 4. 5(1 + e+ C
4. —l(x*+ e +C
47. In|x— 1| -3 -1 “3a-D2-ifx-1D7+cC

JAE T =1 TR+ 1+ 1
g X1 e sl —m P
B A+ 1+ 1 8 2% e

53. sz cosh(mx) — ——2;)( sinh(mx) + —5 cosh(mx) + C
m m m
55. 2Inx — 2In(1 + Vx) + C
57. 3(x + ¢)'? — fclx + o+ C
59. sin(sinx) — 3 sin®(sinx) + C 61, 2(x — 2/x + 2)eV + C
63. —tan~'(cos?x) + C  65. {[(x+ )2 —x*]+ C
67. V2 — 2/33 + (2 + v3) — (1 + v2)
69. ¢* — In(1 +¢*) +C
71. —/1 — x2 + j(arcsinx)® + C

73. tin|x - 2| — % In(x* + 4) —gtan”'(x/2) + C

Ji+e +1
75. 2(x —2)J/1 +e +2lnﬁ+—e_‘_—1+c

77. 2tan'(x¥*) + C

. 2
79. %xsm3x+%c0sx—$cos3x+c 8l. xe* +C

EXERCISES 8.6 = PAGE 529

1. (—1/x)/7 — 2x* — ﬁsin'l(ﬁx/ﬁ) + C

1 1
3. — sec(mx) tan(7x) + — In |sec(mx) + tan(wx)| + C
2m 2m

1 1
5. m/4 7. Ey= tan?(x) + — In |cos(mx)| + C
ar

T

9. —/4x2+9/(9x) + C .e—2
13. —5 tan*(1/2) — In|cos(1/2)| + C
15. 3(e** + 1) arctan(e®) — ler+C

2y — 1 gl 20—
; J6 + 4y — dy? + gsin™’
17 3 6 y y g sin 77

— 56+ 4y — )P+ C




. 5sin’x [3In(sinx) — 1] + C
2l. —=1In Elﬁ
2\/5 et = \/3
23. ;tanxsec’ + 3 tan xsecx + & In | secx + tanx| + C
25. ;(Inx)y4 + (Inx)? + 2In[lnx + V4 + (Inx)? + C
27. Jer — 1 — cos7l(e™*) + C
29. sIn|x* + VX0 —2| + C
35. jtanxsec’x + Ztanx + C
37. ax(* + 2)Va2+ 4 —2In(Vx?+ 4 +x) + C

39. (1 +2x)%2 — (1 + 2% + C

1
+:C

31. 272

41. —In|cosx| — 3 tan’* + § tan‘x + C
1 4T
43. () —In h"' + G
x

both have domain (-1, 0) U (0, 1)
45. F(x) =3In(x> —x+ 1) = In(x* + x + 1);

max. at —1, min. at 1; IP at —1.7, 0, and 1.7

0.6
f ]
== —
\
\ /
/ F

\ //

-1.1

1 . 3 .5 1 .
47. F(x) = —15 sin’x cos’x — g sin x cos’x + 14 sin x cos’x

+ 73 Sin x cos’x + 5% sin x cos x + e
max. at 77, min. at 0; IP at 0.7, 7/2, and 2.5

EXERCISES 8.7 = PAGE 541

l. (@) L, =6,R, = 12, M, = 9.6
(b) L, is an underestimate, R, and M, are overestimates.
) Th=9<1 d) L <T, <I<M, <R,

3. (a) T4 = 0.895759 (underestimate)

(b) M, =~ 0.908907 (overestimate)
I, <I<M,

5. (a) 5.932957, Ey = —0.063353
(b) 5.869247, Es =~ 0.000357

1. (a) 2.413790 (b) 2.411453

9. (a) 0.146879  (b) 0.147391
Il. (a) 0.451948 (b) 0.451991
13. (a) 4513618  (b) 4.748256

(c) 2.412232
(c) 0.147219
(c) 0.451976
(c) 4.675111

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

I As9
I5. (a) —0.495333 (b) —0.543321 (c) —0.526123
17. (a) 1.064275. (b) 1.067416 (c) 1.074915
19. (a) Tz = 0.902333, Mz = 0.905620
(b) |Er| =< 0.0078, | Ex| < 0.0039
(¢c) n="171 for T,, n = 50 for M,
21. (a) Ty = 1.983524, E; =~ 0.016476;
Mo = 2.008248, Ey =~ —0.008248;
Si0 = 2.000110, Es = —0.000110
(b) | Er| < 0.025839, | Ey| < 0.012919, | Es| < 0.000170
(c) n =509 for T,,, n = 360 for M,, n = 22 for S,
23. (a) 2.8 (b) 7.954926518 (c) 0.2894
(d) 7.954926521  (e) The actual error is much smaller.
(f) 10.9  (g) 7.953789422  (h) 0.0593
(i) The actual error is smaller.  (j) n = 50
25.
n I, R, T M,
5 0.742943 1.286599 1.014771 0.992621
10 0.867782 1.139610 1.003696 0.998152
20 0.932967 1.068881 1.000924 0.999538
n E, E, E, E,
D 0.257057 —0.286599 —0.014771 0.007379
10 0.132218 —0.139610 —0.003696 0.001848
| 20 0.067033 —0.068881 —0.000924 0.000462
Observations are the same as after Example 1.
27.
n T M, Sn
6 6.695473 6.252572 6.403292
12 6.474023 6.363008 6.400206
n ET EM ES
6 —0.295473 0.147428 —0.003292
12 —0.074023 0.036992 —0.000206
Observations are the same as after Example 1.
29. (a) 19.8 (b) 20.6 () 2053
31. (a) 23.44 (b) 0.3413 33. 37.73 ft/s
35. 10,177 megawatt-hours 37. 828 39. 6.0 41. 594

43.

EXERCISES 8.8 = PAGE 551

Abbreviations: C, convergent; D, divergent

I. (a) Infinite interval

(c) Infinite discontinuity

(b) Infinite discontinuity

(d) Infinite interval
3. 5 — 1/(2%); 0.495, 0.49995, 0.4999995; 0.5



A90 I APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

5.5 7.D 9.2 I.D 130 15D
17. D 19.5 21.D  23. 7w/9

2. 27.D 29.% 3.D 33 7%
35.D 37. -2/ 39.3In2-3}

41. ¢ 43. 27/3

0.5

olr

45. Infinite area

wla

47. (a) § ;
t ." [(sin’x)/x*] dx |
‘ 2 0.447453
5 0.577101
10 0.621306 ‘
100 0.668479 ‘
1,000 0.672957
10,000 0.673407 1‘

It appears that the integral is convergent.

(©

) 10

49.C 51.D 53D 5.7 51.p<I1,1/(1-p
59. p>—1,-1/(p + 1)}  65. V2GM/R
67. (a)

0] 700 !
(in hours)

(b) The rate at which the fraction F(¢) increases as ¢ increases
(c) 1; all bulbs burn out eventually

69. 1000

71. () F(s) = 1/s,5s >0 (b) F(s) = 1/(s — 1), s > 1
©) F(s) =1/s%,5>0

77. C=1;In2 79. No

CHAPTER 8 REVIEW = PAGE 554

True-False Quiz

1. False 3. False 5. False 7. False
9. (a) True (b) False 1. False 13. False

Exercises

I.5+10ln% 3.In2 5 3

7. —cos(ln) + C 9. $In4 - %

. /3 -1 13354 —23x +2)+C
I5. —3In|x| +3iln|x+ 2|+ C

17. xsecx — In|secx + tanx| + C

19. %1n(9x? + 6x + 5) + stan '[1(3x + 1)] + C

2. In|x — 2+ /x2—4x|+ C

yxiEl =1
23. n|——mmm8M8M8| + C
X
25. 21In(x® + 1) — 3tan"'x + /2 tan"(x/2) + C

2
2
5

27. 29.0 31.6—3m

33, — e — sin"!{ = | + €
. ig—— sin )

35. 41+ J/x+ C 37. 3sin2x — gcos4x + C
39.i¢—5 4.3 43.D
45. 4In4 — 8  47. - 49. 7w/4
51. (x + 1) In(x? + 2x + 2) + 2 arctan(x + 1) — 2x + C
53. 0
55, (2% — 1)ydx2 = 4x =3 ~

In|2x — 1+ +4x2—4x - 3|+ C
57. L sinx/4 + sin’x + 2In(sinx + /4 + sinx ) + C
61. No
63. (a) 1.925444  (b) 1.920915 (c) 1.922470
65. (a) 0.01348,n =368  (b) 0.00674,n = 260
67. 8.6 mi

69. (a) 3.8 (b) 1.7867,0.000646 (c) n =30
71.C  73.2 715 in?

PROBLEMS PLUS = PAGE 558

I. About 1.85 inches from the center 3.0
7. f(7T) — _77_/2 I1. (bba'u)l/(bfu)e‘l
13. 2 — sin"'(2/4/5)

CHAPTER 9

EXERCISES 9.1 = PAGE 566
1. 4/5 3. [*\/1 + sin?xdx

5. [l“ 9y* + 6y? + 2dy

1.5(82482-1) 9.3 N
13. In(v2+1) 15 103 -3

17. JT+ 2 -2+ (Y1 +e2—1) -1 — In(v/2 - 1)

19. V2 +In(1 ++2) 21.%¥  23.5.115840




25. 1.569619
27. (a), (b) 3 L, =4,
L, ~ 6.43,
0 " 4
© i v1+T4B = x/B@ — ) Pdx  (d) 7.7988

29. f—ln((1+f))—

31.

V2 + (1 + 2)

o\

33. s(x) = #[(1 + 90*2 - 10y10]  35. 2y2(VI +x - 1)
37.209.1m  39. 2936in.  4l. 124

EXERCISES 9.2 = PAGE 573

—_—

I @ fy 2mx*V1T + 16x%dx  (b) [} 2mxy/T + 16x° dx

¢ 1
3. (a) ‘OI ZWlan‘x\/l + m dx

1 1
+ S "
(b) ‘fo 2w 1+ o

5. m(145V145 - 1) 7. %4

9. 2V1 + w2+ @/mIn(w + V1 + a2) 1. %q

13. 5w(145/145 - 10\/_) 15. 7a>
17. 9.023754 13.527296
21, i [41n(\/"+4) —4In(v2 + 1) - V17 + 42]
23 i [ln(\/—+3)+3\/_]
27. (a) sma®  (b) 2w\3a>

% sin"'(v/a? — b2
29. (a) 271[172 i a“b sin (7 a : b a)}

Va? — b2
2

®) 27| a2 + 2sin"!(v/b2 — a?/b)

\/b~ — a2
3. [P2mfc — fIVT + [F(DPdx  33. 4722
EXERCISES 9.3 = PAGE 583
I. (a) 187.51b/ft> (b) 18751b  (c) 562.5Ib
3.6000lb 5. 67X 10°N  7.9.8 X 10°N
9. 12X 10°lb Il 28ah  13. 527 X 10°N
I5. (a) 314N (b) 353N

17. (a) 5.63 X 10°1b
(c) 4.88 X 10*1b

(b) 5.06 X 10*1b
(d) 3.03 X 10°Ib

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES 111 A9l

19. 25 X 10°N 21, 230;% 10 1; (G, 1)
o1 +1
25. (0,1.6)  27. ( & ) 29. (3. %)
e—1 4
w2 — 4 1
31. ; 33. (2,0
(wz 1) (V2 - 1)) =0
35. 60;160; (3,1)  37. (0.781,1.330)  41. (0, %)
45. S 7rh
EXERCISES 9.4 = PAGE 589
I. $38,000 3. $43,866,933.33 5. $407.25
7. $12,000 9. 3727; $37,753

(1 = k)(meA P a27k>

2(16y2 — 8) ~ $9.75 million 3.
15. 1.19 X 10*cm?/s
17. 6.60L/min  19. 5.77 L/min

(2 _ k)(bl—k = al-—k)

EXERCISES 9.5 = PAGE 596

I. (a) The probability that a randomly chosen tire will have a
lifetime between 30,000 and 40,000 miles
(b) The probability that a randomly chosen tire will have a
lifetime of at least 25,000 miles
3. (@ f(x) =0forall xand [* f(x)dx =1
(b) 1-3/3=035

@ /7 ()3

(a) f(x) = 0 for all x and \ fx)dx=1 (b) 5

- @ e =020 (b)) 1-e¥S5=055 () Ifyou

aren’t served within 10 minutes, you get a free hamburger.
13. =44%
I5. (a) 0.0668 (b) =5.21%
17. =0.9545

19. ) 0;a0  (c) 1x10"

0 4x10™°

(d) 1—41e*=098 (e) lao

CHAPTER 9 REVIEW = PAGE 598

Exercises

L3 3 @3 b)%r 5320087 7.2
9. ~4581b 1. (%1) 13, (2,3 15 242
17. $7166.67

19. (@) f(x) =0 forall xand [*, f(x)dx =1

(b) =0.3455 (c) 5, yes

21. (a) 1 — ™38 =0.31
(¢) 8In2 =~ 5.55 min

(b) e™* =~ 0.29
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PROBLEMS PLUS = PAGE 600

I im =33

3. (@) 2m(r = d) (b)) =336 10°mi’

(d) =~7.84 X 10" mi?

5. (a) P(z) = Po + g J; plx) dx

(b) (Po — pogH)(mr?) + pogHe™'™ J‘Lre"/H e 2./rt — x%dx
7. Height V2 b, volume (2 /6 — 2)mb? 9. 0.14m

1. 2/m 1/m

CHAPTER 10

EXERCISES 10.1 = PAGE 607

3. (a) 5, —1 5. (d)

7. (a) It must be either 0 or decreasing

©y=0 @y=V1kx+2

9. (a) 0 < P <4200 (b) P>4200

(c) P=0,P=4200

13. (a) At the beginning; stays positive, but decreases
©) pPo

EXERCISES 10.2 = PAGE 614

I. (a) .»'4

P s i At
srs st Gt AP LA
R ARy AR aadd

rERSS

NNNNNNNNN
SNSSSNSNS

N~ ~ = =
S S S
N N e

NN\ S S S
————— e

NN~~~

N B N SR A S

\

NN N T~ -~

\

VR NSNS~~~
\ kNN~~~

\

B s N x 3
o
e S e NN

A\
\

)t\\\\\\

—— s/ /7 RN\

s 7 7 AN v

— s /S NN\

S T NN~ NN
AR
N N

&S ]
i 2 i,
A
2 i
< A
2 2k

A e (c)

it S
st Y
7 S

P

u///

&
=

et

y 13. )
1/;1//34//-\\\ \ \ g
P L ELd T L£#==% 3N \ N=70 000y
1 FTHLdETFs2=NN AN \ \/L’r"“"[
A AAY S S VAN N \ N=cHJ 000y
BERERE & LR R E \ ~=-AX/71 11,
PEEAES 2 2 RR N Al A

/ i SR L o P E N |

/ VL /s =NF NN\
/ Ve [ il £t =% v A s
/ | Il 7Z7=NF V004
ly Wy F L A<y 4 B9, 5
/ v ////—Aw\\‘u‘

I5. 4
N\ N N~
S
WA
177~
117 -—
11 7/ =
R
=3
A\ N~
v AN SNy
INSE=
17. o4 =3 —2 =6 =2, —2,0/2
IIIIIIII1||I|||||
T T T T A I I
Vlll'll(llll(l!l
IR R RS
____\;_ _______
NERN A NNYYY A XX X NN
SRN NN RN \\\\\\\\Czl
NN NININN NORNN NN
s e Ar s Bk s X s XD
TN SN i
///////v/"////////
____‘ﬁ.gr ______
LT T T O T O ERAAANNN
L VO O O VO T i O T T I L W T |
(T T W T AT 13 R Y N T T O 0 |
Illl|\lli‘\l\\ll\ll
c=-3
19. (a) (1) 1.4 (i) 1.44 (i) 1.4641
® y=e* Underestimates
15 .:éh=0.1
~—h=0.2
14
Sh=0.4
1.3
1.2
1.11
1.0
0| 01 02 03 04 X
(c) (i) 0.0918 (i) 0.0518 (iii) 0.0277

It appears that the error is also halved (approximately).
21. -1, -3, —65, —12.25
25. (a) (i) 3 (i) 2.3928
(c) (1) —0.6321
It appears that the error is also divided by 10 (approximately).

(i) —0.0249 (iii) —0.0022

23. 1.7616

(iii) 2.3701 (iv) 2.3681
(iv) —0.0002

27. (a), (d) (b) 3
0 (©) Yes; Q=3
6{ [ T T T A B | (e) 277 C
(TR T A T T VO
(R Y T S W O
N &% N YR
4% v N vV Vv VY
DR T S N VO S O
VIR A 4
24 (1 1 1 1 0 1 1
VI I S
(A Y A Y B A
I SO T L O
- f=i=t i




EXERCISES 10.3 = PAGE 622

l. y=Kx 3. y=Kx?2+ 1

5. y+In|secy|=3x+x+C
1.y==JBle™—e + OFF =1 9. u= e _ 1
I y'=—y/x2 + 9 13. cosx + x sinx = y? + je¥ + 2

4a
I5. u=—y/1> + tant + 25 17. y=—=sinx — a
V3

Y2

19. y = ¢ 2. y=Ke* —x— |
23. (a) sin"ly=x2+ C
(b) y = sin(x?), —/#/2 < x < /72 (c) No

1

y = sin(x?)

/2 5 Jr/2

25. cosy = cosx — 1 5

2.5

(®) y=%J2(x + C)

|
U7

—4 =/ . ——
? l.\"l.‘\'\’i

v
oo
33. Q1) =3 — 3¢ 3
3 @ x=a- —o

(kt + 2/+/a)?

)
2 b b—x
b) t = ————1{tan™! —tan”' |
®) k\/a—b<tan a—>b tan a—b)

39. (@) C(t) = (Co — r/k)e™ + r/k
(b) r/k; the concentration approaches r/k regardless of the
value of C,

41. (a) 15¢™/" kg (b) 15¢7°% ~ 12.3 kg

35. P) =M — Me™ . M

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES |||
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43. About 4.9% 45. g/k

Ce™i _ 1 \?
47. (a) dA/dt=kJAM — A) (b) A(t) =M e 1)
M + A
M and Ay = A(0)
VM — A,
EXERCISES 10.4 = PAGE 634

I. (a) 100;0.05 (b) Where P is close to 0 or 100;
on the line P = 50; 0 < Py, < 100; P, > 100

where C =

Solutions approach 100; some increase and some decrease, some
have an inflection point but others don’t; solutions with Py =20
and P, = 40 have inflection points at P = 50

(d) P =0, P = 100; other solutions move away from P = () and
toward P = 100

3. (1) 3.23 X 10’kg  (b) =~1.55 years

5. (a) dP/dt = 55P(1 — P/100), P in billions
(b) 5.49 billion  (c) In billions: 7.81,27.72
(d) In billions: 5.48, 7.61, 22.41

Yo
7. (a) dy/dt = ky(1 — b)) y=———
(a) dy/ Y1 =y) (b)y T TE—
(c) 3:36 Pm
1. Pp(r) = 1578.3(1.0933)" + 94,000;
32,658.5
s—— 1 04
Py(1) 1 + 12.75¢ 017061 94,000
130,000
R
P
(in thousands) Py
0 45
90,000
1960 1980 2000

t (year)

13. (a) P(1) = % + (Po - %)e“ (b) m < kP,

() m=kPo,m > kP, (d) Declining

I5. (a) Fish are caught at a rate of 15 perk week.

(b) See part (d) (c) P=250,P = 750

(d) 0<P,<250: P—0;
Py = 250: P — 250;
Py > 250: P — 750
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250 — 750k’ 1500
(e) P(t) = T ™
where k = 7, —%,
0 120
17. () » 0 < P, < 200: P —0;
14003 \ Py = 200: P — 200;
12003 333338 Py>200: P — 1000
10003 =
80F 2 7% 272 7
6004 2
400 2 222 2
NE=—=== === ==
0 80 10‘0_7
m(K — Py) + K(Po — m)e kX
© P = : :

K — Py + (PO = m)e(K‘m)(k/K)z

19. (a) P(f) = Pye®/"intt=9)+sinél  (b) Does not exist

EXERCISES 10.5 = PAGE 642
I. Yes 3.No 5 y=j3e"+Ce™
7.y=x'ln|x| +Cx* 9. y=3J/x+C/x
[ sin(x?) dx + C 2+ 2t + 2C
. y=———"—"—" 13 =
sin x 2t + 1)
15, y=—x— 1+ 3¢” 17. v = %" + Se"
19. y=—xcosx —x
(x— 1)e* + € c=3 c=3
21. y=——> <=75\ /‘/Cf_S7
. (>\.\\ s 1S

25.

) -1/2
y==x|Cx* + —
= (x 5x>

(@) I(f) = 4 — 4e™™
0@) =3(1 — ™), I(t) = 127"
P(t)=M + Ce™™

27. (b) 4 — 4= 157 A

29.

31 56

2(100 + 21) — 40,000(100 + 2)7%; 0.2275 kg /L
(c) (mg/c)t + (m/c)e™"] — m?g/c?

33. y
35. (b) mg/c

EXERCISES 10.6 = PAGE 648

I. (a) x = predators, y = prey; growth is restricted only by
predators, which feed only on prey. '
(b) x = prey, y = predators; growth is restricted by carrying
capacity and by predators, which feed only on prey.

3. (a) The rabbit population starts at about 300, increases to 2400,
then decreases back to 300. The fox population starts at 100,
decreases to about 20, increases to about 315, decreases to 100,
and the cycle starts again.

(b) R F
2500
300
2000 R F
1500 1 200
1000
100
500
0 n ot k
5. Species 2
2001
150+
100 1
501
t=0,5
0 50 100 150 200 250 Species

9. (a) Population stabilizes at 5000.

(b) (i) W= 0, R = 0: Zero populations

(ii)) W= 0, R = 5000: In the absence of wolves, the rabbit
population is always 5000.

(iii) W = 64, R = 1000: Both populations are stable.

(c) The populations stabilize at 1000 rabbits and 64 wolves.

(d) R W
1500 1 w e
60
1000 4/
R 40
500 50
0 t
CHAPTER 10 REVIEW = PAGE 651
True-False Quiz
1. True 3. False ‘5. True 7. True




Exercises
1. (a) b 0<cs4
y=0y=2y
(iv)
(iii)
(i)
@)
3. (a) y y(0.3) = 0.8
3 2 -
(b) 0.75676
(¢) y = xand y = —x; there is a local maximum or minimum

5. y = (3x? + C)e™™

9. r(t) = 5S¢t 1. y=3x(lnx)* + 2x
2000

15. (a) P(t) = 1 + 19¢ 9 ~560

17. (@) L(f) = L, — [Le — L(0)]e™™

19. 15 days

23. (a) Stabilizes at 200,000
() () x=0,y=0:Zero populations

7. y = =/In(x? + 2x32 + C)

13. x=C - 3y’

(i) x = 200,000,y = 0:1In the absence of birds, the insect

population is always 200,000.

(iii) x = 25,000, y = 175: Both populations are stable.
(c) The populations stabilize at 25,000 insects and 175 birds.

(d) XA (insects)

(birds) A y

25. (a) y = (1/k) coshkx + a — 1/k or
y = (1/k) cosh kx — (1/k) cosh kb + h

PROBLEMS PLUS = PAGE 654
. f(x) = =10e*

(b) (2/k) sinh kb

5. y=x"" 7.20°C

x*-LF x
9. = — LIl =
() f(x) i ) 1n<L> (c) No
1. (a) 9.8h  (b) 31,9007 =~ 100,000 ft% 6283 ft?/h
(¢) 5.1h

13. x2+ (y — 6)* =25

(b) t=—-10In% = 33.5

(b) L(f) = 53 — 43e™*¥
21. kInh + h=(—R/V)t + C

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES 11

CHAPTER 11

A95

EXERCISES 11.1 =

.y

5. (a)

PAGE 662

t=0 (0,0) 5 x

(7,11)
/:=—3

®) x=3(y =57 -2
-3=<y=<11

(b)

/\ x
=3 (14,-3)

t=4
)y y=1-x%x=0

13. (a) y=1/x,y > 1
(b)

17. (@) y2 —x*=1,y=1
(®)




A%6 ]|

19. Moves counterclockwise along the circle

(x =3+ (y — 1)*=4from (3,3) to (3, —1)

21. Moves 3 times clockwise around the ellipse

(x*/25) + (y¥/4) = 1, starting and ending at (0, —2)

23. Itis contained in the rectangle described by 1 < x <4
and2 <y =<3.

25. y 27. y
|
/ i)
/ ©0,1) t=1
(-1,0) x =0 1
=0 ©0,-1) r=-1

w

29.

3l. b)) x=-2+5t,y=7T—-8,0=<t=<1
33. (a) x=2cost,y=1—2sint,0 <t <27
(b) x=2cost,y=1+2sint,0 <t <67
() x=2cost,y=1+2sint, w/2 <t <37/2
37. The curve y = x*? is generated in (a). In (b), only the portion
with x = 0 is generated, and in (c) we get only the portion with
x>0
41. x = acos 6,y = bsin 6; (x*/a?) + (y*/b*) = 1, ellipse
43. y
2a

=
=

0 | x

45. (a) Two points of intersection

(b) One collision point at (—3, 0) when ¢ = 37/2

(c) There are still two intersection points, but no collision point.
47. For ¢ = 0, there is a cusp; for ¢ > 0, there is a loop whose size
increases as c increases.

ON 150 L5

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

49. As n increases, the number of oscillations increases;
a and b determine the width and height.

EXERCISES 11.2 = PAGE 672

2t + 1
R T 3. 3= —x
tcost + sint
5. y=—Q2/e)x + 3 7.y=2x+1

9. y=éx 20

N

=2

) 10

1. 1+24,3/(41),t>0

13. —e,e /(1 —¢€),t<0

I5. —2tant, —3 sec’t, w/2 <t < 3w/2

17. Horizontal at (6, +16), vertical at (10, 0)

19. Horizontal at (iﬁ, gk 1) (four points), vertical at (+2, 0)
21. (0.6,2); (5 6795, ¢57")

23. 75 25. y=x,y=—x

—8,5k )3

27. (a) dsin 6/(r — dcos 6) 29. (%, 2), (-2, —4)

31. mab 33.3—-¢ 35. 27 + wd?

37. [2J1 + 417 dr =~ 3.1678

39. (73— 2sint— 2cost dr ~ 10.0367  4l. 42 -2
43. —/10/3 + In(3 + v/10) + +/2 — In(1 + /2)

45. \2(e" - 1) 8

=25 2.5

47. 3+ 11 — 78 21

=i 21

=71

49. 612.3053  5|. 62,42




55. (a) 15
—

(b) ~294

t € [0, 4]

57. [127(t + 1)e'\e?(t + 1)2(? + 2 + 2) dt =~ 103.5999

59. 2sm(247/13 + 64) 6.

65. 27(949426 + 1) 7L 3

EXERCISES 11.3 = PAGE 683
I. (a)

2, 7m/3), (=2, 4m/3)
(c)

(1,3m/2), (-1, 57/2)

3. (a)
(1, ) {
0
(=1,0)
(c)
3
4
o'\
\\\.1
(23)
V2, -v2)

5. (a) (i) (242, 77/4)
(b) () (2,27/3)

63. 59.101

6
sma’

(1,5m/4), (-1, w/4)

(b)

(i) (—2v2,3m/4)
(i) (=2, 57r/3)

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

13.
17.

19.

21.

27
29.

33.

37.

- A97

.
0= 3
a r=3
=g N
c L)
]
T
o J 44
// //
4
4
=37
o= 3

23 15. Circle, center O, radius 2
Circle, center (0, Z), radius 3
Horizontal line, 1 unit above the x-axis

r=3sect 23. r = —cotf cscf 25. r = 2c cos O
(a) 6=m/6 (b) x=3
31.
(1.3)
0
0=—% 0
35.
0
(1
. 0= 39.
5\\ //2
A\ 1
6 1
/ \
/ \
FEANVARN
/ \
43,
Gf\%” aj% O
\\\0- ///
T @)
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45, 47.

(3,0)

49. 51.

(2,0) (6,0)

|
|
|
|
l
1
|
|
|
|

53. 55. (a) For ¢ < —1, the inner loop
begins at = sin”! (—1/c) and
ends at 6 = 7 — sin”' (—1/¢);

for ¢ > 1, it begins at

0= o + sin"'(1/c) and

ends at = 27 — sin~'(1/c).

(D
W
T

57. V3 59, 61. 1

63. Horizontal at (3/\/_, 2, m/4), (—3/\/5, 377/4);

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

65. Horizontal at (, 7/3), (0, ) [the polel, and (3, 57/3);
vertical at (2, 0), (3, 27/3), (4, 4m/3)

67. Horizontal at (3, 7/2), (1, 37/2); vertlcal at( 3, a),

G+ 13, 7- a)wherea—sm (-1 +34/3)
69. Center (b/2, a/2), radius v/a? + b2/2
71. 2.6 73. 3.5
-3.4 1.8 3 .
26 2.5
75.

71. By counterclockwise rotation through angle 7/6, /3,

or a about the origin

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

81. For 0 < a < 1, the curve is an oval, which develops a dimple a5
a—1". When a > 1, the curve splits into two parts, one of which
has a loop.

EXERCISES 11.4 = PAGE 689
7/10240 3. w/12+3/3 5. @2 7 4,
9. n 1. 4
2 -
Ou
13. I15. 37
-3
1757 1957 2.7-3/3 23 ir+l/3
254357 2w 29.EZm—1V3 3 im-—1
33.1-3v2 35 i(x+3.3)
37. (3, w/6), (2, 57/6), and the pole
39. (1,6) where 6 = 7/12, 57/12, 137/12, 177/12

and (—1, 6) where 6 = 77/12, 117/12, 197/12, 237/12
41. (3v/3, 7/3), (34/3, 2/3), and the pole

43. Intersection at § = (.89, 2.25: area =~ 3.46 45. 7
47. (7> + 12— 1] 49. 29.0653  51. 9.6884
53. ¢ 1 55. (b) 27(2 — v2)

EXERCISES 11.5 = PAGE 696

. (0,0), ( =— 3. (0,0),(0, —%),y =1

y




5. (-2,3),(=2,5,y=1

7. (-2,-1),;(-5,—-1),x=1

y

7

(=5,-1) e

(=2;=1

I
|
[
|
|
f X
|
|
|
|
|
|
|

.

x=1

9. x = —y?, focus (—3, 0), directrix x = :

1. (£3,0), (£2,0)

al

VS
0
— \,“'5

=3

(1,-3)

19. (£12,0), (%13, 0),

5
y=Eu3x

3. (4, -2), 2, -2);
(3245, =2}

y+2=*2(x —3)

13. (0, =4), (0, £2/3)

25. Parabola, (0, —
27. Ellipse, (£+/2,

29. Hyperbola, (0, 1), (0, —3); (0, =1 = /5)
1) 35. y — 3 =2(x — 2)?

33, y2=—12(x +

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

1), (0, =)
1), (x1,1)

2 ) 2 ) — 4 2
ey miall_
25 21 12 16
x+1?, (y—47 %

41. -1 4. >-2X

12 16 9

- = 1 2 4 2 2
g0 B, g ¥

25 39 9

2 y?
49. + =

3.763.600 3,753,196
- 21 1217
- @ 7500625 3,339,375

55. (a) Ellipse
59. 9.69

(b) Hyperbola

bc
6l. — + abln
a

2

EXERCISES 11.6 = PAGE 704
42 15
lLr=———-— 3.r=7"07—>
4 + 7sin 6 4 —3cos @
8 4
e 7. r=—m9"
1 —sin6 2 + cos 6
9. (a) 1 (b) Parabola (c) y =1
(d)
I. () 3 (b) Ellipse (c) y=—12
(@ .
K%’
(3.71)\00/[3,0)
(B 3m)
SHD
ORI W s .
13. (a) 3 (b) Ellipse (c) x=13
(d)

=1 (b) =248 mi

(c) No curve

A99

— 8)7

where ¢? = a® + b?
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15. (a) (b) Hyperbola  (c) x = —3
(d)

\

N

e =y

Zan\
)

*
|
oo|w

17. (@) 2,y = —;

1
1 — 2sin(@ — 37/4)

() r=

[N

19. The ellipse is nearly circular
when e is close to 0 and becomes
more elongated as e — 17. At

e = 1, the curve becomes a
parabola.

2.26 X 108
1 + 0.093 cos 6
27. 35.64 AU 29. 7.0 X 10" km 31. 3.6 X 108km

25. r=

CHAPTER Il REVIEW = PAGE 705

True-False Quiz

I. False 3. False 5. True 7. False 9. True

Exercises

l. x=y?— 8y + 12 3.y=1/x

1,1),6=0

S.x=ty=+tx=thy=1r%
x=tan’t,y=tant,0 <t < /2

1. @ 2 ) (3v2,37/4),
(4, 3) .
(=3v2,7m/4)
T
0
(-2,243)
9. Il
(2, m)
k/o
.3)
13. /\L,\ I5. (c3,52)
1 \\\\ // ///'
@, 2,0) el g
0 _____/4__\_\___"j2
- X
=z NG
L3)
2
17. r 19

" cos B+ sin 6

21. 2 23. -1

25 1+sint 1+ cost+ sint 27 (u ;)
"1+4+cost’ (1 + cosit) Bkl

29. Vertical tangent at y

(a, +1/3a),(—3a,0); =
horizontal tangent at

1 3
(a,0), (—3a, *3+/3a) (~3a,0) (@,0)

31,18 33. (2, xm/3) 35.3(m—1)
37. 2(5/5 - 1)
2/m+ 1 - fAr+1 ln<2w+ VA + 1)

39.

2w am+ Jmr+ 1
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41. 471,2957/1024

43. All curves have the vertical asymptote x = 1. For ¢ < —1, the
curve bulges to the right. Atc = — 1, the curve is the line x = 1
For —1 < ¢ < 0, it bulges to the left. At ¢ = O there is a cusp at
(0, 0). For ¢ > 0, there is a loop.

45. (+1,0), (£3,0)

xZ 1 yZ x
PRI S A i
25 9 72/5 8/5
2 8 _ 2
g, 5 By 3O _ 55 r=———
25 160,801 3 + cos 6

57. x = a(cot 8 + sin fcos 6),y = a(l + sin?6)

PROBLEMS PLUS = PAGE 708

1. In(7/2)

3. [-343.343] x [-1,2]

5. (2) At(0,0)and (3,3)

(b) Horizontal tangents at (0, 0) and (ﬁ \‘/Z)
vertical tangents at (0, 0) and (ﬁ 2 )
(d) y OF

CHAPTER 12

EXERCISES 12.1 = PAGE 720

Abbreviations: C, convergent; D, divergent

I. (a) A sequence is an ordered list of numbers. It can also be
defined as a function whose domain is the set of positive integers.
(b) The terms a, approach 8 as n becomes large.

(c) The terms a, become large as n becomes large.

3. 0.8, 0.96,0.992, 0.9984,0.99968 5. =3, 3 =36 —®
1.3.5.9,17,33 9. a,=1/@ -1 1. a= 5n— 3
13 4= (-2 15 LR T s

7.1 19.5 2.1 231 1250 2.D
9.0 3.0 330 3.0 371 39 e’

4. In2 43.D 45D 4.1 49 !
5.D 53.0

55. (a) 1060, 1123.60, 1191.02, 1262.48, 1338.23 (b) D

57. -1 <r<l1

59. Convergent by the Monotonic Sequence Theorem; 5=sL<8
61. Decreasing; yes 63. Not monotonic; no

65. Decreasing; yes ~ 67. 2 69. 13 +4/5)

. bi+V5) B.@0 ®91

EXERCISES 12.2 = PAGE 730

1. (a) A sequence is an ordered list of numbers whereas a series is
the sum of a list of numbers.

(b) A series is convergent if the sequence of partial sums is a con-
vergent sequence. A series is divergent if it is not convergent.

3. —2.40000, —1.92000,
—2.01600, —1.99680,

—2.00064, —1.99987, 0
—2.00003, —1.99999,
—2.00000, —2.00000;
convergent, sum = —2

1

10

5. 1.55741, —0.62763,
—0.77018, 0.38764,
—2.99287, —3.28388,
—2.41243, —9.21214,
—9.66446, —9.01610;
divergent

7. 0.29289, 0.42265,
0.50000, 0.55279,
0.59175, 0.62204,
0.64645, 0.66667,
0.68377, 0.69849;
convergent, sum = 1

9. C ®D 1.9 13D 15.60 17.3
9.D 2.D 23.D 15 S 2.D 29.D
3. D 33elle—1) 35 2 3§ 39e—1
41,2 43.1138/333 45 5063/3300

M. —3<x<h—— M —i<x<y 1
' S P TASESR) 4
2
si. Al x; — 53. 1
2 —cosx
55 0 2 fi > 1,sum =1
a1 =0,a, = — v lorn ,sum =
@ n(n + 1)
D —c"
57. (a) 5. = —(lf_—‘—) ®5 5933-1
1 T
63. 65. The series is divergent.

n(n + 1)
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71. {s,} is bounded and increasing,

3. (a) 0,4,2, 12

EXERCIS

ES 12.3 &

7 8
1555, 1

PAGE 739

(c) 1

3.D 5.C 7. C 9. D
17. C 19. C 21. D 2
29. p< —1 31 (1, )

33. (a) 1.54977, error < 0.1

(¢) n > 1000

35. 0.00145 4. b < 1/e

EXERCISES 12.4 » PAGE 745
l. (a) Nothing

. C
23. C

33. 1.249, error < 0.1

45. Yes

13. C
25. D

EXERCISES 12.5

l. (a) A series whose terms are alte
(b) 0<p

negative
where b,
3. C
15. 'C

= la]
5. C
17. C

3. C

(b) C 3. C
I5. C 17. D
27...C 29. C

PAGE 749

(©) anI < by

7. D 9. C
19. D

21. 1.0000, 0.6464,

0.8389, 0.7139, 0.8033,
0.7353, 0.7893, 0.7451, 0.7821,
0.7505; error < 0.0275

23. 5

31. An underestimate

25 4

27. 0.9721

35. {b,}is not decreasing

EXERCISES 12.6 » PAGE 755

Abbreviations.: AC, absolutely convergent;
CC, conditionally convergent

I. () D
3. AC

) C
5. CC

29

1. C 13. D I5. C

25. ¢

5.D 1. C
19. D
3I.D

I. C 13.

. 0.0676
33. pisnota negative integer

(c) May converge or diverge

7. AC

9.D

. AC

27. p> ]

(b) 1.64522, error < 0.005

9. C
21. C

35. 0.76352, error < 0.001

rnately positive and
nt1 S by and lim, b,=0,

13. AC

I5. AC 17. CC 19. AC 21. AC 23. D
25. AC 27. D 29. D 31. (a) and (q)

35. (a) 5 ~ 0.68854, error < 0.00521
(b) n =11, 0.693109

EXERCISES 12.7 - PAGE 758

l.C 3.D 3. C 7.D 9. C . C 3. ¢
I5. C 17. D 19. C 21, ¢ 23. D 25. C
27. '€ 29. C 3I.D 33. C 35. C 37. C

EXERCISES 12.8 PAGE 763

I. A series of the form 2i=0 cu(x — a)", where X is a variable
and a and the ¢,’s are constants

L1 soi[-1,1] 7 %, (—a0, o)
2222 L(-41] 134 (—4,4]

5. 1,[1,3] 7. 4 [t

2. b,(a=ba+b) 23 3] 2.2 [ 0]

27. © (=2,%) 29, (&) Yes  (b) No 3. &4 33, N

35. (@) (—o0, )
(b), (C) 2 So 85 8,4

WIS

—%) 19. (—oo, o0)

-2 S; 83 85

37. (-1, D, fx) =1 + 2x)/(1 - x?) 41. 2

EXERCISES 12.9 . PAGE 769

1
3n+l

110 3. 3 (—1)wn (-L1) 523 x" (=3, 3)
n=0 n=0

- 1 "
7. (—1)"Wx2"”, (=3,3)  9.1+2 2x%(=1,1)

n=0 n=1

S 1. d [ I -no(
11. go [(—1) 2”,} 2 =1, 1)
13. (a) F: (=1)(n + Dx" R = 1

(b) 215: =D + 2)(n + Dx" R =1
n=0

1

(c) —i (=1n(n — Dx" R =1
2 n=2

®

5 p
I5.In5-3 2 p_5 .32 2 p=)
n=1 ns" ' n=3 2




“ 1
19. 3 (-1 ——x>*' R=4
"2:(]( ) 16”‘] X
53
0.25 \
— ——
Sy /
‘/~*'55
= f
SN —Sa
—4 4
S| s%
f
5‘/4;/‘/ Q)
}} -0.25
© 9yt P
21 2x+1,R= 5 A7 m
n=0 &N 1Y/
) 2
4
I/"
-3
it 8n+2
23..:-C + —,R=1
,,Z() 8” 4 2
® XZ/:*I
25. C+ D (-)"'-——=5——R=1
- 4n® — 1
27. 0.199989 29. 0.000983 31. 0.09531

33. (b) 0920  37. [-1,1],[-1,1),(=1,1)

EXERCISES 12.10 = PAGE 782

@

3. > (n+ Dx"R=1

n=0

1. by = fO(5)/8!

5. > (n+ Dx",R=1

n=0
= 2t
7. 41 n 2r1~1l,R — o
ng(l( ) 2n + 1)!
@ n L XZ:HI
9. ‘—”’R:oc il. —_’Rzoc
2o 2 G

13, =1 — 2(x — 1) + 3(x — 1% + 4(x — 1)* + (x — 1),
R =0

@ 3

15. Y = (x -3 R=o
n=0 n!
17. =1y — M R=o»
DA T TR
1 - 1+3+50ccee @n-1)
19. L4+ T (1) —9)LR=9
’ 3 n;( ) gn . 32l .t br )

x - 1
25. 1 +—+ —1)!
2 22( ) 2"n!

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

- i (—1y (n+ Ln+2)

2n+4
n=0
b 2n+1

m
29. s
20 (2” L 1)'

(=1
20+ 1
]

0 n

x"R=12

2n+1 —
R=o

n

31

®
n=

x",R=®

- 1
33. =1)* 4"*"R=OO
2 0 g

c3:5.---(2n—1)

n!23n+]

z 1
35. ix + 3 (—1)"
n=1
2n—1

37. Y (-1 xR =

c 1
39. 2 (_1)" X4n’ R = oo
- n):

/
-1.5 -4 1.5

! \
\ . = 4
/ \ Ty=Ty=T,=Ty,
/ \ N
] |
| \
-1.5 T,=T;=Ts=T,
© (_l)nfl
41. ——x"R=
21 (n= 1)t
6
—
=3
T,
'/ TNN\T4\Ts
7. /)
\__/Af
T, -6
T, T T
43. 0.81873

3.5.----@2n—1) ,
x

. 14
45. (a) 1 +
@) 2, 2!

)2t 21 — (;n = 1)2"(3;1 g

& e
47. C + ZO(—l)"m,R =
49. C + 2} (—1)”%%% =  51. 0440
53. 040102 55.% ST.4 59.1-3x*+
6. 1+ 1x? + 5x* 63. ¢
65. 1//2° 61.¢° — 1

To,=T=T,=T,

X2"+I, R = 2

25 4
X

Al03
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EXERCISES 12.11 PAGE 791
1. (@) Ty(x) =1=T,(x), T,(x) =1 — Ixt= T5(x),
T,(x) =1 — 3x% + 5x* = Ty(x),

N e 2 1.4 _ 1 6
To(x) =1 —3x° + zx 720X

T 2
(b)
X f To =T, =T | T.=Ts Ts
% 0.7071 1 0.6916 | 0.7074 0.7071
T
P 0 1 —0.2337 | 0.0200 —0.0009
l ™ = 1 —3.9348 | 0.1239 —-1.2114

(c) As nincreases, 7,(x) is a good approximation to f(x) on a
larger and larger interval.
1

3.3 —2) +350x - 2)* — gg(x — 2

7. x +ix?

9. x — 2x% + 2x°

13. (@) 2+ 3(x —4) —&(x — 4?2 (b) 1.5625 X 10~°
15. (@) 1 +23x—1) —3x— 1>+ a4(x—17° (b) 0.000097

17. (a) 1 +3x>  (b) 0.0015
21. (a) x> — ix*  (b) 0.042
27. —1.037 < x < 1.037

31. 21 m, no

19. (a) 1 +x* (b) 0.00006
23. 0.17365 25. Four

29. —0.86 <x < 0.86

37. (c) They differ by about 8 X 10~ km.

CHAPTER 12 REVIEW = PAGE 795

True-False Quiz
I. False 3. True 5. False 7. False

9. False 1l. True 13. True I5. False
17. True 19. True

Exercises

.7 3D 50 7.¢% 9.2 ILC

13.C 15D 1.C 19.C 21.C 23.CC
25. AC  27.+  29. w/4 3l. e 35. 09721
37. 0.18976224, error < 6.4 X 1077

41. 4,[—6,2)  43. 0.5,[25,3.5)

1 w d 1 _z 2n \/g _l}'_ 2n+1
4. 57200 [(2;:)! (x 6) Tt (x 6) ]

4. 3 (-1 R=1 49. -3 R=1
n=0 n=1 N
@ KEnte
5I. ) (-1)'———,R=m
,go( ) 2n + 1)!
1 & 1:5.9-----(@n—3)
53. 5+n§:‘,] e x" R=16




L n

55. C+In|x| + 3 —
n=1 N * n!
57. @ 1 +5(x— 1) —§(x — 1> + s (x — 1)?
(®) 1s (c) 0.000006

PROBLEMS PLUS = PAGE 797

1. 15!/5! = 10,897,286,400
3. (b) 0if x =0, (1/x) — cotxif x # k, k an integer

5. () s,=3:4"1,=1/3"p,=4"/3"" ()33
9. (—1,1) x}+4x* + x _
i , 1), 1= . Ins

13. (a) Blar(e" I3 — gnmlS) (b B

CHAPTER 13

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

EXERCISES 13.1 = PAGE 805
I. 4,0,-3) 3. Q;R

5. A vertical plane that

intersects the xy-plane in
theliney=2—x,z=0
(see graph at right)

1. |PQ| =6,|QR| = 2./10, |RP| = 6; isosceles triangle
9. (a) No (b) Yes

I (x— D>+ (y + 4)* + (z - 3)* = 25;

(x =12+ (z—-3)*=9,y =0 (acircle)

13. (x =3+ (y—8?*+(z—1?%*=30

I5. (3,—2,1);5
19. (b) 3,3+/94,;/85

17. (2,0, —6),9//2
2. (@) (x =2+ (y+ 30+ (z—6)?>=36

®) x—2+(+3P*+(Ec—-6>=4

© x=2+(y+3°+(EZ-61=9

23. A plane parallel to the xz-plane and 4 units to the left of it

25. A half-space consisting of all points in front of the plane x = 3
27. All points on or between the horizontal planes z = 0 and z = 6
29. All points on or inside a sphere with radius /3 and center O

31. All points on or inside a circular cylinder of radius 3 with axis
the y-axis

33. 0<x<5 35. P <x*+y?’+ 2<R?

11 Al05

37. (a) 2,1,4) () 1L
(&

39. 14x — 6y — 10z = 9, a plane perpendicular to AB

EXERCISES 13.2 = PAGE 813

I. (a) Scalar (b) Vector (c) Vector (d) Scalar
—> - — —> —> — — —

3. AB=DC,DA = CB,DE = EB, EA= CE

5. (a) u (b) u-—-v

u+t+v
v

(©) v+w
w

v:
7. a= (—4, -2)

Yy

(d)

A(2,3)

B(-2,1)
0 o
)/‘ x

Il. a= (2,0, -2)

6.-2)

(5.2)

17. (2, —18), (1, —42), 13, 10
19. —i+j+ 2k, —4i+j+ 9k, /14, /32

3 7 T 8 1 4
2. ———i+—=—j  23.5i —35j+:3k
/_581 F‘SSJ 9 9 T3

v
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25. (2,243)  27. ~4596ft/s, ~38.57 ft/s EXERCISES 13.5 = PAGE 838
29. 100,/7 ~ 264.6 N, ~139.1° I. () True (b) False (c) True (d) False (e) False
31. /493 =~ 22.2 mi/h, N§°W (f) True (g) False (h) True (i) True  (j) False
33 T, ~ —196i + 3.92j, T, = 196 + 3.92j (k) True . L
35, i(i+4j)/\/T’_/ 37. 0 3.r=(Q2i+24j+35k) +:t3it+2j—Kk)
. x=2+3y=24+2,z=35—1
3. @, ® [ 177 | @ s=31=7 5. r=(i+6Kk) + i+ 3j + k);
x=1+t,y=3tz=6+1t
a x =1 7=
7.X=1'—5f,y=3,2=2'—2f; 5 =_—2,y=3
0 b A 9.x=2+2t,y=1+%t,
i z= -3 — 4t

(x—2)/2=2y—2=(z+3)/(—4)
41. A sphere with radius 1, centered at (xo, yo, Zo) .
x—1=@r+1))2=z-1

x=1+t,y=-1+2t,z=1+1,

13. Yes
EXERCISES 13.3 = PAGE 820
. : IS, (&) & — /(=1 = (3 + S}/2 = {z = 6)/[~3)
1. (b), (¢), (d) are meaningful ®) (-1, -1,0), (_%' 0, _%) (0, —3,3)
2 . 7. =
e T 17, 1) = (2 — § + 4K) + 120 + 7j — 3K), 0 < ¢ <1
I.u-v=3u-w= —;
19. Parallel 21. Skew
L [9-4v7 . o 5 . _ _
15. cos 0 ~ 95 17. cos 7013 ~ 81 23. 2x+y+5z=1 25. x+y—z=-1
27. 2x —y+3z2=0 29. 3x — 7z= -9
19. cos"(%) ~ 101° 21. 45°,45°,90° M. x+y+z=2 33. —13x+ 17y + 7z = —42
35. 33x + 10y + 4z = 190 37. x — 2y + 4z = —1
23. (a) Neither (b) Orthogonal 39 41
(c) Orthogonal  (d) Parallel ’ ’
25. Yes  27. (i — j — K)//3 [or (—i + j + K)/v/3]
3 4 1
29. —=, —=, —=; 65° 56°45°
5v2 52 V2
31. 2,2, -5 73° 65° 149°
33. 1/4/3,1/4/3, 1/4/3; 55°,55°55°
35.3,(3,-2)  3.%(55% -8
39. 1/V21,%i—5j + 75k
43, <0, 0, —2m> or any vector of the form
(s, t, 35 — 2«[16), s;tE€R
45. 144)  47. 2400 cos(40°) ~ 1839 ft-Ib  49. 2 43. (2,3,5) 45.(2,3,1) 47.1,0, -1
51. cos™!(1/4/3) = 55° 49. Perpendicular  51. Neither, ~70.5°  53. Parallel
55 =ly=—-tz= b = L ~ 15.8°
EXERCISES 13.4 = PAGE 828 -@x=1y=-sz=t (B)cosT{77]=">
I 16i+48k 3. 15i-3j+3k 5. 3i—-j+3k 57. x=1y-2=-z
7. i 20§+ 1°k 9.0 . i+j+k 59. x+2y+z=5 6l (x/a) + (y/b) + (z/c) =1
13. (a) Scalar (b) Meaningless (c) Vector 63. x=3ty=1-1tz=2-2
(d) Meaningless (e) Meaningless (f) Scalar 65. P, and P; are parallel, P and P, are identical
I15. 24; into the page 17. <5, =3 1), <_5, 3, '_1> 67. 61/14 69. g 7i. 5/(2\/’12) 75. 1/\/6

19. (~2/v/6, —1//6, 1//6), (2//6, 1//6, —1//6)

27. 16 29.

31. (a) (13, —

33. 82 35.

41. =417N
49. (a) No

(@ (6,3,2) (b) 3
14,5)  (b) 3+/390
3 39. 10.8sin80° =~ 10.6 N-m

43. (b) /97/3 (b)
(b) No (c) Yes (©)

EXERCISES 13.6 = PAGE 846

l. (a) Parabola
Parabolic cylinder with rulings parallel to the z-axis
Parabolic cylinder with rulings parallel to the x-axis




3. Elliptic cylinder 5. Parabolic cylinder

9. (a) x =k, y? — z> =1 — k% hyperbola (k # *1);

y =k, x? — z2 =1 — k% hyperbola (k # *1);
z=kx*+y? =1+ k? circle

(b) The hyperboloid is rotated so that it has axis the y-axis
(c) The hyperboloid is shifted one unit in the negative
y-direction

I1. Elliptic paraboloid with axis the x-axis

15. Hyperboloid of two sheets

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

17. Ellipsoid

19. Hyperbolic paraboloid

21. VI 23. 11 25. VI 27. VIII

Hyperboloid of two sheets
with axis the z-axis

X Z2

2
.= 4=
6 3 2
Elliptic paraboloid with vertex

(0, 0, 0) and axis the x-axis

33. x2 +

Qiz—y+(2—3)z=l

Ellipsoid with center (0, 2, 3)

35. (y + 1= (x— 2>+ (z — 1)
Circular cone with vertex (2, —1, 1)
and axis parallel to the y-axis

[

Al07
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A0S
TN
ALLLITIARN
GRS

7
TN
LN

43. y = x* + 7? 45. —4x = y? + 7%, paraboloid

2
2 y2 72

x
47. + +
® (6378.137)* ~ (6378.137)*  (6356.523)?
(b) Circle (c) Ellipse
51.

=1

A
“:":::.:o
< »
B
N Rst st

-1 R
RIS
J
SRS

CHAPTER 13 REVIEW « PAGE 848

True-False Quiz

I. True 3. True 5. True 7. True 9. True
1. False I13. False I5. False 17. True

Exercises

L@@ @x+1P*+(y—22+@EZ—-1?2=69

®) (y—2P+(z-1?=68x=0

(c) Center (4, —1, —3), radius 5
3.urv=3y2juxv|= 3./2; out of the page
5.-2,-4 T.@2 (b -2 () -2 (@O0
9. cos”!(3) = 71° 1L (a) (4, -3,4) (b) V41/2
13. 166N, 114 N

I5. x=4—-3t,y=—-1+4+2t,z=2 + 3¢

17. x=-2+2t,y=2—t,z=4+ 5t

19. —4x +3y+z=-14 21. (1,4,4)

23. Skew 5. x+y+z=4
27. 22/4/26
29. Plane 31. Cone

b4

33. Hyperboloid of two sheets 35. Ellipsoid

37. 4x* + y2 + 22 =16

PROBLEMS PLUS = PAGE 851

I (V3 - 1.5)m
3.@ (x+1/(=2)=(y— > - 1) =@ - c)/(c* + 1)
b) x*+y*=1+1,z=1t (c) 47/3

CHAPTER 14

EXERCISES 14.1 = PAGE 858
L(-1,2]  3.(1,0,0) 5. i+j+k

7. y V 9.

(
2

~

I15. r() = (¢, 2¢, 31),
xX=ty

17. r(1) = (3t + 1,2t — 1,5t + 2),

0st=<
x=3t+1,y=2t—1,z=5t+2,0<r<
19. VI 21. IV 23. V

27. (0,0, 0), (1,0, 1)




APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES | Alo9

© r'@) = lim D —x@) o @)

o h [F@)]

3. (a), (¢) (®) r'(1) = (1, 2¢)

5. (a), (¢) 7. (a), (c)

(b) r'(t) = cos ti — 2sintj () r'(1) =e'i + 3¢
9. r'(t) = (tcost + sin 2,21, cos 2t — 2t sin 21t)

. () =dek 13, r() = 2e”i + [3/(1 + 30)] k
I5. v =b+2re 17 (L1319 25+ 1k

21 (1,21,31%), (1/y/14, 2//14, 3/yT4), (0, 2, 61), (612, —61,2)
23.x=3+t,y=2t,z=2+4t
25.x=1—t,y=t,z=1—t

27.x=1,y=1 —t,z=2¢

’ Z9.x=—77—t,y=7r+t,z=—7rt

37. r(t)=ti+%(t2—1)j+§'(12+1)k 31. 66° 33.4i—-3j+ 5k 5.i+j+k

37. ¢'i+%j+ (tlnt - Dk + C

39. i+ Pj+ (377 - Yk

45. 2tcost + 2sint — 2costsint

39. x=2cost,y =2sint,z = 4 cos 41. Yes

EXERCISES 14.2 = PAGE 864

I (a) EXERCISES 14.3 - PAGE 872

1.20y/29 3. ¢-¢! 5 %(132 - 8) 7. 15.3841

9. 1.2780  I1I. 42

13. r(t(s) = —2—s § + e st s I

. r(t(s @Sl ﬁg—s J \/@s

I5. (3sin 1,4, 3 cos 1)

17. @) ((2/v/29) cos 1, 5/y/39, ( —2//29) sin 1),

(—sint, 0, —cos )y (b) 3

1

b y d i t 21’ = ,— = 21’ r’ t
(b), (d) 19. (a) 621+1<\/§e,e 1> ez’+l<] e e ﬁe)

(b) v2e/(e* + 1)?
21 2/( + 1) 23,4 g5 1B

27. 2/(4x* = 8x + 5)2 29, 15./x /(1 + 100x3)%>
31. (~imm2, 1/V2); approaches 0
33. @ P (b) 13,07 35,

37. aisy = f(x), bisy = k(x)

3
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6+/4 cos?t — 12 cost + 13

39. k(1) =
K1) (17 — 12 cos 1)¥/?
K(t)
0 Py - 6m !

a1 1/(v2¢) a3 (3,34), (=143 -2),(-3,1.2)

45. y=6x + m,x + 6y = 67
& (3 +y = x4 (y = I = 8

=TS 2.5

=5

49. (—1,-3,1)  57. 2/(t* + 41> + 1)
59. 2.07 X 10°A =~2m

EXERCISES 14.4 = PAGE 882

I. (a) 1.8i —3.8j — 0.7k, 2.0i — 2.4j — 0.6k,

2.8i +1.8j — 0.3k, 2.8i + 0.8 — 0.4k
(b) 2.4i — 0.8j — 0.5k, 2.58
L.vi)=(-11)

integer multiples of 27

a(r) = (-1,0)
v | =2 + 1

5. v(t) = —3sinti+ 2costj )
a(t) = —3costi— 2sintj 0,2)

[v(®) | = /5sin2t + 4 ﬁ
S

7. v() =i + 2t
a(t) =2j

[v(r)| = /1 + 472

X

t|+/912 + 8

9. (21,313 21),(2,6t,2),

. V2i+e'j —e'ke'jt+e'k e+ e

13. e’[(cos # — sin#)i + (sinz + cos 1)j + (¢ + 1)k],
e'[—2sinti+2costj+ (t +2)k], e'1> + 2t + 3

I5. v() =ti+2tj+ kr() = (32 + 1)i + 12§ + 1k

17. @) r(®) = (5° + )i+ (¢ = sint + 1) j + (5 —  cos 21 k

(b)

-10

0
x =200 10

19.t=4  2l.r(®)=ti—1tj+3°k, |v()| = V2512 + 2
23. (a) =22km (b) =32km (c) 500 m/s

25.30m/s  27. ~102°, ~79.8°
29. 13.0° < 0 < 36.0°, 55.4° < 6 < 85.5°

31. (a) 16 m (b) =23.6° upstream

20

12
()[

OL |4() [
-4 -12
33. 6,6 35.0,1 37.e¢ —e\2
39. 4.5 cm/s% 9.0 cm/s? 41. t =1
CHAPTER 14 REVIEW = PAGE 886

True-False Quiz

I. True 3. False 5. False 7. True
9. False Il. True

Exercises

l. (a)

(b) r'(t) =i — arsinmtj + mcos mtk,
r"(t) = —7w*cos wtj — w? sin wtk

3. r(r) =4costi+ 4sintj+ (5—4cos)k,0<t<2mw

5. 1i— (2/7)j+ (2/mk 1. 86.631

1. (a) (t%1,1)//t* + 12+ 1

(b) (21,1 — %, =2t> — 1)//t® + 416 + 21* + 512

() V18 + 415+ 2% + 51/ (¢4 + 12 + 1)2
13. 12/17%2 15. x — 2y + 27 =0
17.v() =1 +Inpi + j — e 'k,

[v(t)| =v2 +2Int+ (In2? + e 2,a(t) = (1/Di + 'k



19. (a) About 3.8 ft above the ground, 60.8 ft from the athlete
(b) =21.4ft (c) =64.2 ft from the athlete
2. (¢) —2e¢'v;+ e 'R

PROBLEMS PLUS = PAGE 888

I. (a) v= wR(—sin wri + cos wt j)
3. (a) 90°, vf/(29)

5. (a) =0.94 ft to the right of the table’s edge, =15 ft/s

(c) a= —o’r

(b) =7.6° (c) =2.13ftto the right of the table’s edge
7. 56°

CHAPTER 15

EXERCISES 15.1 PAGE 901

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

(b) £(30,7) is a function of 7 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.
7. a4 (b R () [0,

9. (@ e (b {(x.32)|z=x2+y%
. A{(xy) |y = —x}

(©) [1,)

13. {(x,y)[%x2 +y2< 1} ‘I'

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES 1 Alll

17. {(x, y) [y = % x # £1}

19. {(x, y,2) |[x* + y? + 22 < 1}

21. z = 3, horizontal plane

23. 4x + 5y + z = 10, plane

0,2,0)
(2.5,0,0)

25. z =y’ + 1, parabolic cylinder

29. z = /x?2 + y?,

top half of cone

27. z=4x*+ y? + 1
elliptic paraboloid

31. =56, =35 33. Steep; nearly flat



All2

35.

1111 APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

X

39. (y—2x)?%=k

W

Il.y=Inx+k%

y

/

4321

43. y

1234

49.

51
[
z 1111/
lZZ"\\\
,,
53.

55. (a) C (b) I 57.. @ F (@)1

59. (a) B (b) VI

61. Family of parallel planes

63. Family of hyperboloids of one or two sheets with axis
the y-axis

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

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

(¢) 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

67.

II; :"
[/””I " "s X .'4 :

o

" “Wm
/f appears to have a maximum value of about 15. There are two
local maximum points but no local minimum point.
69.

=2:2

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.

71. 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).

13.c=—2,0,2 75. (b) y = 0.75x + 0.01




EXERCISES 15.2 = PAGE 913
I. Nothing; if f is continuous, f(3, 1) = 6 3. -3
5.1 7 % 9. Does not exist

13. 0 I5. Does not exist 17. 2 19. 1
21. Does not exist

I1. Does not exist

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

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

{(x,y)]2x + 3y = 6}
27. Alongtheliney =x  29. {(x,y)|y # +e¥/?}

31 {(x,y)|y =0} 33. {(x,y)|x? + y2 > 4}
35. {(x, ».2)|y=0,y# /x2 + 22}

37. {(x, ) [ (x,y) # (0,00}  39.0 41. —1
43.

fis continuous on R?

EXERCISES 15.3 = PAGE 924

I. (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;: fora 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

7. (a) Positive  (b) Negative

9. c=fib=f,a=f

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

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES I An3

13. fi=2x+2xy, f,=2y + x?

I5. fi(x,y) = =3y, f,(x,y) = 5y* — 3x

17. fi(x,t) = —me™'sin 7x, f,(x, 1) = —e™"cos mx

19. 6z/9x = 20(2x + 3y)°, 62/3y = 30(2x + 3y)°

21 £l y) = 2y/(x + y), £i(x, ) = —2x/(x + y)?

23. dw/da = cos @ cos B, Jw/dp = —sin a sin B
2 2rs

25. fi(r,s) =

r? + s?

gz T+ s filns) =

27. du/ot = e*'(1 — w/1), du/dw = e*/"

29. fo =1z = 10xy’", f, = —15x%y%" f, = x — 20x%y%;}
31. dw/ax = 1/(x + 2y + 32), dw/dy = 2/(x + 2y + 3z),
ow/dz = 3/(x + 2y + 32)

33. du/ox = ysin~'(yz), du/dy = xsin"'(yz) + xyz/\/T = y2z?,
ou/oz = xy*/\/1 — y2z2

35. f. = yz’tan(y1), f, = xyz’t sec¥(yr) + xz? tan(yt),

f: = 2xyz tan(y1), f; = xy?z? sec*(yr)

37. du/oxi=x/\x} +x2 + -+ + x2

39. & 4l }

3. fi(x,y) =y* = 3x%, f(x,y) = 2xy — x3

4 0z _3yz—2x 0z  3xz—2y

ox  2z—3xy’ 9y 2z - 3xy

oz 1+y%* 9z ~z
ax_m’ay 1 +y+ y%?

49. (@) f'(x),g'(y) () f'x+y),f(x+y)

51. fix = 6xy° + 24x%y, f., = 15x%y* + 8x° = fix» fy = 20x3%y?
53. w. = 0/ (W® + v*), w, = —uv/(u? + v?)*? = w,,

W = /(U + p?)¥2

55. zix = =2x/(1 + x?)%, 2y = 0 = 2,1, 2, = —2y/(1 + y?)?

47.



o -

Al14 |||

61. 12xy, 72xy

63. 24 sin(4x + 3y + 22), 12 sin(4x + 3y + 22)

65. 0e’®(2sin @ + O cos 6 + rfsinb) 67. 4/(y + 22)%,0
69. =~12.2, =16.8, =23.25 81. RY/R?

87. No 8. x=1+ty=2,z=2-12t

93.

95.

KL
N
N\e% %
\5
W4

xty + 4x%y3 —y° i =
(x*+y?r 7 (x? + y*)
(e) No, since f,, and fi, are not continuous.

() filx,y) =
(© 0,0

EXERCISES 15.4 = PAGE 935

SO
S k-
BXXXITT z 01R
XS5

IR

II.2x+§y—1 l3.$x—§y+§
19. —3x -3y + 339; 2.846
23. 4T + H — 329; 129°F
25. dz = 3x*In(y?)dx + (2x%/y) dy

27. dm = 5p*q® dp + 3p°q* dq

29. dR = B%cos yda + 2aBcos ydB — af’sin ydy

31. Az =0.9225,dz = 0.9 33. 5.4 cm? 35. 16 cm’®
37. 150  39. ;= 0059Q 4l 23%

43. g, = Ax, &, = Ay

I5. 1 — my
21, 3x + 2y + 52;6.9914

EXERCISES 15.5 = PAGE 943

. @x + y)cost + (2y + x)e'

3. [(x/t) — ysint]/y/1 + x2 +y?

5. e [2t — (x/2) — (2xy/z%)]

7. 9z/ds = 2xy3cos t + 3x?y%sint,

9z/dt = —2sxy’sint + 3sx’y*cost

9. dz/ds = t?cos 6 cos ¢ — 2st sin 6 sin ¢,
dz/dt = 2st cos O cos ¢ — % sin O sin @

Jz

s
Il. —=¢'|tcos § — ——=sin 0 |,
as ( J/s2 + 12 )
0z ; P t in 0
— =¢'| scos § — ——=——=sin
ot /82 + 12

x® - 4x3y2 - xy*

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

13. 62 15. 7,2
ou _ du ox du dy ou _ du dx  du dy

7. — >
ar dx dr  dy 9dr 0s dx ds dy s’
ou_ puox o dy
at dx at dy ot
o _Owdr 8w K owor
ox  ar ox  ds ox ot 9x
ow _owor  owds  dw ot

= +
dy dr ady ds dy at dy
21. 85,178,54  23. 3,2  25.36,24,30

2y 4(xy)¥* -y sin(x — y) + €’

*x = 2x%/xy " sin(x — y) — xe’
31. 3yz —2x 3xz— 2y

2z — 3xy’ 2z — 3xy
1 + y%z? z

T4y +y? 1+y+yR
35. 2°C/s 37. = —0.33 m/s per minute
39. (@ 6m’s (b) 10m%s (c) Om/s
41. ~—027L/s  43. —1/(124/3) rad/s

45. (a) 9z/dr = (9z/9x) cos O + (9z/dy) sin 6,
9z/360 = —(3z/0x)r sin 6 + (9z/dy)r cos 0
51. 4rs 9%2/0x* + (4r* + 45%)8%2/dx 9y + 4rs 8°z/dy* + 2 dz/dy

EXERCISES 15.6 » PAGE 956
. ~—008mb/km 3. =0.778 5.2+ ./3/2
7. (a) Vf(x,y) = (2cos(2x + 3y), 3 cos(2x + 3y))

® (23) () V3-3

9. (a) (e?7,2xze?? 2xye®) (b) (1,12,0) (¢ -2
1. 23/10  13. —8/y/10  15. 4/4/30  17. 9/(2V/3)
19. 2/5 21, 42, (-1,1)  23. 1,(0, 1)

25. 1,(3,6,-2)  21. (b) (—12,92)

29. All points on the line y = x + 1

31. (a) —40/(33)

33. (a) 32/v/3 () (38,6,12) (c) 24/406  35. %
39. @ x+y+z=11 @®)x—3=y—-3=z-35

=2 y—1 z+l
4 -5 -1
43. @) x+y—z=1 b)x—-1=y= -z

45. 47. (2,3),2x + 3y =12
A — >

s

2x+ 3y =12

41. (a) 4x—5y—z=4 (b)

AN
MRS
LN

\I§:\\“\\

N

53. No 59. x=—-1—10,y=1—16t,z=2 — 12t
63. Ifu = (a,b) and v = (c,d), then af, + bfyand cf: + dfy are
known, so we solve linear equations for f; and f;.




EXERCISES 15.7 = PAGE 966

l. (a) f has alocal 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. Maximum f(—1,3) = 11

7. Minima f(1,1) = 0, f(—1, —1) = 0, saddle point at (0, 0)
9. Saddle points at (1, —1), (=1, 1)

Il. 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 (0, 1) = f(m, —1) = fQm 1) = —1,

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

21. Minima f(1, =1) = 3,f(—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 (7, )

25. 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)

27. 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)

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

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

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

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

37.

39. /3 (21f) 1.5 #9LYE
45, 8r3/(3f )

47. ¢ 49. Cube, edge length ¢/12

51. Square base of side 40 cm, height 20 cm

53. L%/(3/3)
EXERCISES 15.8 = PAGE 976

1. =59,30

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

5. Maxima f(*2, 1) = 4, minima 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(i,g,%,g) =2,

minimum f(~3, =3, =3, =3) = =2

I15. Maximum f(l,\/f, —ﬁ) =1+ 242,

minimum f(l, -2, \/5) =1-22

17. Maximum % minimum ;

19. Maxima f(+1/4/2, 71/(22)) =

minima f(£1/+/2, £1/(2v2)) = e

27-37. See Exercises 39-49 in Section 15.7.

39. LY/(343)

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES 111 AllS

NCaI’CS[(wZ,Z) farthest (—1, —1, 2)
43. Maximum =9.7938, minimum = —5.3506
45. (a) ¢/n (b) Whenx;, =x, =+ =x,

CHAPTER 15 REVIEW = PAGE 980

True-False Quiz
I. True 3. False 5. False 7. True 9. False

Il. True
Exercises
L{xy|y>-x-1} 3.
g SoA
A AR
N
N £
N
AN =
_1\\' x
_..] \ 2
N
&
N
N
y=—x— 1N
h
N
5 y 7

9.2

1. (a) =3.5°C/m, —3.0°C/m (b) =~ 0.35°C/m by
Equation 15.6.9 (Definition 15.6.2 gives =1.1°C/m.)

(¢c) —0.25

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

I5. g, = tan "0, g, = u/(1 + v?)

17. T, = In(q + €), Tq =pl/lg+¢€),T, = pe/lqg+¢€)
19. foo=24x, fy = = fyn fy=—

21, fo = k(k — 1)x*” 2y’z"‘, fo = kix*'y!"lzm = £,
fo = kmx*"lylzmt = £, f =10 — Dx k - 2 m

fy2=lmxkyl Izm" l—fz,»,fzz“ (m_ l)xy L
x—1 y+2
25. (@) z=8x+4y + 1 (b)T=T=1_Z
_ x=2 y+l1 z-—1
27. (a) 2x — 2y —3z=3 (b) R —

29. () 4x —y—22=6

b) x=3+8,y=4—-2t,z=1—4

31. (2,3, —1),(—2, -3, 1)

33. 60x + £y + 2z — 120; 38.656

35. 2xy*(1 + 6p) + 3x%y%(pe’ + e”) + 4z%(p cos p + sinp)
37. —47,108  43. ze*%(zy, xz/(24y),2) 4. %
47. J145/2:(4,%)  49. =~ knot/mi



Allé [l APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

51. Minimum f(—4,1) = —11

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

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

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

minimum f(++/2/3, ~1/4/3) = —2/(3./3)

61. Maximum 1, minimum — 1

63. (£37V4, 3714, /3 +314) (13714 _3-1/a 2, +31/4)

65. P(2 = /3), P(3 = \3)/6, P23 - 3)/3

PROBLEMS PLUS = PAGE 984

. W2 112w

7. /6/2,342/3

3. (@) x =w/3,base = w/3  (b) Yes

CHAPTER 16

EXERCISES 16.1 = PAGE 994

I. (a) 288  (b) 144
3. (a) 7%/2=~4.935 (b) 0

5. (@ -6 (b) —3.5
LUKV

9. (a) =248 (b) 15.5
. 60 13. 3

I5. 1.141606, 1.143191, 1.143535, 1.143617, 1.143637, 1.143642

EXERCISES 16.2 = PAGE 1000

I. 500y%,3x> 3.10 5. 2
.o 1.7 152
19. :(V3-1) - Ln

23.

7. 261,632/45 9. 22
17. 91In2
21. 3(e? - 3)

25.475 217  29.2 3. ¢
33. 2le — 57

5

35, 2
37. Fubini’s Theorem does not apply. The integrand has an infinite
discontinuity at the origin.

EXERCISES 16.3 = PAGE 1008

15.% 1.0 19.% . u
29. 0,1.213,0713 3y, &

35. 13,984,735,616/14,549,535  37. 7/2
39. 3[4 f(x,y) dx dy 41, 2 [P £(x, y) dy dx

¥

“Ty=Inxor x=¢”
1 2
45. 5(e°—1)  47.imo 49, iCv2-1) 511

53. (7/16)e™ /16 < [loe ™7 dA < 7/16 55,
59. 87 61. 27/3

PN

EXERCISES 16.4 = PAGE 1014 i
L ™ [y f(reos6, rsin6)rdrds 3. J5 R fx, y) dy dx
5i y 3377/2

7.0 9.;msin9 L (/)1 —e*) 13, 27
I5. /12 17. §(w — 2) 19. 27 21 ix

2. ima® 25, Qa3)1 - (1/42)]

27. (87/3)(64 — 24./3)

29. ;7(1 —cos9):  31. 22/3

33. 18007 ft’  35. 8 37 (a) V@/4  (b) VA/2




EXERCISES 16.5 = PAGE 1024
L3Ce 3360 56@E9

1/ ee+1 4(’-1)
b= D (2(e2 = 9(e2 = 1))
9. L/4,(L/2,16/(9m)) I. (3,37/16) 3. (0,45/(14m))
I5. (2a/ 5, 2a/5) if vertex is (0 0) and sides are a]ong positive axes
17. ﬁ’( 1),3(6 1), 16(e + 2e? — 3)
19. 7ka®/180, 7ka®/180, 7ka®/90 if vertex is (0, 0) and sides are
along positive axes

C ove == (27 1 16
2l. m=7Y8,(x,y) = (T e
I = (m* = 37?), I, = =16 — 97/64
23. pbh*/3, pb*h/3; b/\/3, h/\/3
25. pa 77'/16 pa‘m/16; a/2, a/2
27. () ; () 0375  (c) & ~ 0.1042
29. (b) (i) e™** ~ 0.8187
(i) 1+ e'® — 798 — 71 ~ (03481
31. (a) =0.500 (b) ~0.632
33. (@) [f, ®%/20)[20 = Vx = % + (y = y,)?) 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

), I, = 37%/64,

() 2,5

EXERCISES 16.6 = PAGE 1034

L2 31 s._é(e3—1) 7.~ 94 1.8
13. 8/(3e) 5. 17. 167/3 19. % 21. 367
23, (e) L 7 dzdydx () jm—1

25. 60.533

27. :

29. 2, [ Y2 f(x,y, 2) dz dy dx
Js [V ffjfx—z/zn f(x,y,2) dzdx dy
= “ ff/z%f(x y,z)dxdy dz

—wwﬁqﬁigu»ﬂﬂﬁw

fJf/‘:?T/Z/z T f(xy, 2) dy dz dx
— I, {'\/4 4z [‘4 %2 4Zf(.x y,z )dydde
31 ﬁz fx Jo ‘sz(x, Y, z)dz dy dx

= '(? [‘fﬁ foz Wf(X, ¥, z) dz dx dy
- foz il \/;f‘ f(x,y,2) dx dy dz

= A [ v f(xy,2) dx dz dy
= Ik JEE f(x,y,2) dy dz dx

(]

VIE (% f(x, v, 2) dy dx dz

= s

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

- Arr

33. ‘01 |V]G .3 “f(x,y,z) dz dy dx
=l BT f Gy, 2) dz dx dy

= o o7 [ fxy, 2) dx dy dz
L e e
o \]rzf(x v, 2) dy dz dx

=L I [ f Oy, 2) dy dx de

35. [) .|, Jo F(x, y,2) dz dx dy = Jo o 2 f(x,y, 2) dz dy dx
- ‘0‘ le ‘[;‘f(x, Y, z)dxdy dz = |0’ {3 f" fx,y,2) dx dz dy
101 j; f:f(x, y,2z) dy dz dx = fol fl fz"f(x, v, 2) dy dx dz
37. 5, (8,2, 2) 39, 4 (7a/12 7a/12, 7a/12)
4. L=I,=1=3k°  43. lmkhat

45. (a) m= [°, _99"; [P Vx2 + y2dz dy dx

(b) (x,y,z), where
x=(1/m)[?, |l/9_91x;f5_“" X+/x* + y2dz dy dx

y=(1/m)f?, | \97‘; i ‘y\/xz + y2dz dy dx
z=(1/m)[’ J% Yz/x? + y2dz dy dx
(c) |za N’Ec ’,5 Y(x + y2)¥ dz dy dx

47. (a) 37w+ 4

®) (G.5.3) = 28 30m+ 128 457 + 208
e 97 + 44" 457 + 220 1357 + 660

(c) 5i5(68 + 157)

9. @; Mg ©

51. L%/8

53. The region bounded by the ellipsoid x2 + 2y? + 3% =

EXERCISES 16.7

PAGE 1040
(b)

(vV2,v2,1) (2, —2+3,5)

3. @ (V2,77/4,4)  (b) (2,47/3,2)
5. Vertical half-plane through the z-axis
9. @ z=r* (b) r=2sind

Il z

7. Circular paraboloid




AllS8 I APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES

13. Cylindrical coordinates: 6 < r <7,0< < 2m, 0 <

64m/3

17. 384w 19. w(e® —e—5) 21. 27/5
23. (a) 1627 () (0,0, 15)

25. wKa¥/8, (0,0, 2a/3) 27. 0

29. (a) [l h(P)g(P) dV, where C is the cone
(b) =3.1X 10" ft-1b

EXERCISES 16.8 » PAGE 1046

1. (a)
0,0,1)

®)
(3v2,3V6.V2)

3. (a) (4, /3, 7/6) (®) (ﬁ,377/2,37'r/4)

5. Half-cone

7. Sphere, radius 1, center (O, 1 O)

9. (a) cos’p =sin’¢p  (b) p2(sin’¢ cos’0 + cos’¢) =9

15. 0$d>$7r/4,0spscosd>

Om/4)(2-3)

19. .'(;'/2 fo [2£(rcos 6, rsin 6, z) rdz drdf

21, 312.500m/7  23. 15m/16  25. 15627/15
271. (V3 — Vma¥/3  29. (a) 107 (b) (0,0,2.1)
31. (0,2,0)

33. (a) (0,0,3a) (b) 4Kma’/15

35, a1 — (1/v2)),(0,0,3/[8(2 = V2)))

37. 5m/6 39. (442 -5)/15

41. 43. 136799

EXERCISES 16.9 PAGE 1056

1. 16 3. sin?0 — cos’0 5.0

7. 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
11 =3 13. 67 15. 2In3

17. (a) 3mabc  (b) 1.083 X 10'? km®

19. {8  2l.3sinl 23 e~ e

CHAPTER 16 REVIEW ¢ PAGE 1057

True-False Quiz
1. True 3. True 5. True 7. False

Exercises
I ~640 3.4’ —4e+3 5 lsnl 7.3

9. [y [3 f(r cos 6, rsin 0) rdrdf

11.” The region inside the loop of the four-leaved rose 7 = sin 26 in
the first quadrant

13. 3sin 1 15. LS =1 17.3ln2 19 8
21. 817/5  23.405 25 7/96  21. 5
3.2 33 2ma’/9
5. @1 ® G

29. 176

1

© L=1h=1uJ
37. (0,0, 1/4)

39. 972 41. 0.0512
B.@s O ©3

a5, [ [0 fGy, D dxdydz AT ~n2 49.0

1/4/3,% = 1//6

PROBLEMS PLUS = PAGE 1060

.30 3. isinl 7. (0)090




CHAPTER 17

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES 111

27.

EXERCISES 17.1 »
l.

v

PAGE 1068

J S

s

7 /’,q/ /

3. y 5 y
e N
AT NN
b4 44y VANNH

AN D L“\\\ \N
I SN
7. . 9.
T ‘T

1. 11 13. 1

I15. IV 17. 111
The line y = 2x

21. Vf(x,y) = (xy

23. Vf(x,y,2) = —=———=1
f(x,y,2) iyl

+

+ 1)e™i + x%™j
.

25. Vf(x,y) = 2xi

y

ity t 29

Vx2 + y? + z2

—

29. 10
35. (a)

33. (2.04,1.03)
b) y=1/x,x>0

EXERCISES 17.2

1. (145%% - 1)
1. 5146 = 1)
17. (a) Positive

19. 45
27. 37 + 2

PAGE 1079
3. 16384 5. %
3.1 15 %
(b) Negative
21. 2 —cos1 —sin 1 23. 1.9633

29. (a) ¥ — 1/e

3. s /2(1 — e77)

1.6

~0:2

35. @) x = (1/m)_|‘c xp(x,y, z) ds,

y
z

(b) (0,0,3m)

3. L=k(37 - 3).1,=

39. 277
47. =22]

41. 26

= (1/m) j.yp(x,y, 2) ds,
= (1/m) ‘|‘( zp(x, y, z) ds, where m = \( p(x,y, z) ds

k3 —5)
43. 1.67 X 10*ft-1b

33. 27k, (4/m, 0)

w35

All9

9. \/g ™

25. 15.0074

45. (b) Yes
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EXERCISES 17.3 = PAGE 1089

1. 40 3. fx,y) =x*—3xy + 2y’ — 8y + K

5. f(x,y) =e*siny + K 7. f(x,y) = ye* + xsiny + K
9. f(x,y) =xlny +x’y* + K

I (b) 16 13. (a) f(x,y) =3xy*  (b) 2

15. (@) f(x,y,2) =xyz +z> (b) 77

17. (a) f(x,y,z) = xy*cosz (b) O

19. 2 21. 30 23. No 25. Conservative

29. (a) Yes (b) Yes (c) Yes

31. (a) Yes (b) Yes (c) No

EXERCISES 17.4 = PAGE 1096
.87 3% 512 1Y 9. -24m I3i-2mw
|3 B 15 —8e+ 48! 1. —3  19. 37 2L (0 2

23. (4a/37r, 4a/3m) if the region is the portion of the disk
x? + y? = a” in the first quadrant

EXERCISES 17.5 = PAGE 1104
. (@ —x%i+3xyj—xzk (b) ¥z
3 @@-yi-yitk ®z- 1/(2v2)
5.() 0 (b) 2/yx*+y*+ 2
7. (@) (1/y, =1/x,1/x) () 1/x+ 1/y + 1/z
9. (a) Negative (b) curl F =0
I1. (a) Zero (b) curl F points in the negative z-direction
13. f(x,y,2) =xy2 + K I5. f(x,y,2) =xy +y2z + K
17. Not conservative 19. No

EXERCISES 17.6 = PAGE 1114

. P:no; Q: yes

3. Plane through (0, 3, 1) containing vectors (1, 0, 4),(1,-1,5)
5. Hyperbolic paraboloid

%
v constant
2 =
'
! ' I/’,///""
y /2
242 G ‘
u conslam L2
) S
9. - u constant

— 1 constant

v constant

13. IV 15. 11 17. 11
9. x=1+u+v,y=2+u—-v,z=-3—-u+tv
2. x=x,z=12y =41 — x2+ 2?2

23. x = 2sin ¢ cos 6, y = 2 sin ¢ sin 6,
z=2cosp,0< p<m/4,0s O=<2m
[orx=x,y=y,z=\/4-xz—yz,x2+yZS2]
25. x=x,y=4cosf,z=4sinf, 0 <x =<

n
o
I
(s
I\
[y o]
3

29. x=x,y=¢ "cos 0,
z=e*sinf0<x<3,
0<6s2m

31. (a) Direction reverses  (b) Number of coils doubles
33.3x—y+3z=3 35 —x+2=1 37. 3./14
39, 4(32 - 272+ 1) 4l 2a/3)(2v2 - 1)

43. (7/6)(17/17 = 5+/5)

45. 121 + (2 + V21) - n y17|  47. 4

49. 13.9783

51. (a) 24.2055  (b) 24.2476

53. £ /13 + S 1n[(115 + 3¢70)/(34/5 + +/70)]

55. (b)
24
2 O- N
-
>2_.
*2.\0\.\/l]
21 0y

(€) [Z7 [ /36 sin“u cos®v + 9 sin‘u sin?v + 4 cos?u sin?u du dv
57. 47 59. 2a%(m — 2)

EXERCISES 17.7 = PAGE 1127

I. 49.09  3.900m 5. 17114
9. 5./5/48 + 1/240 1. 364/27/3

7. J3/24

13. (w/60)(391/17 + 1) 15, 16  17. 12




19. 5% 21 —% 23—z 250 27 48
29. 2+ 3 31.0.1642  33. 3.4895

35. [[;F - dS = [, [P(3h/x) — Q + R(6h/92)] dA,
where D = projection of S on xz-plane

37. (0,0, a/2)

39. @ L= [[;(x* + y")p(x,y,2) dS  (b) 4329+/27/5

41. Okg/s  43.3ma’%,  45. 12484

EXERCISES 17.8 = PAGE 1133

3.0 5.0 1. =1 9. 807
. (a) 817/2 (b)

() x=3cost,y=3sint,
z=1— 3(cost + sin 1),
0<t<27

EXERCISES 17.9 » PAGE 1139

5. 2 1. 97/2

9. 0 1. 327/3 13. 0
15. 341/2/60 + 3 arcsin(y/3/3)
19. Negative at P, positive at P,
21. divF > 0in quadrants I, IT; div F < 0 in quadrants II1, IV

17. 137/20

CHAPTER 17 REVIEW = PAGE 1142

True-False Quiz
I. False 3. True 5. False 7. True

Exercises

I. (a) Negative (b) Positive 3. 64/10 5. %
7.0 9 U _ 4/ I f(x,y)=¢e’ +xe® 13.0
17. =87 25, {(27 - 5./5)

27. (m/60)(3911/17 + 1) 29. —64m/3

33. -5 37. -4 39.2]

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES 111 Al2l

CHAPTER 18

EXERCISES 18.1. = PAGE 1153

L.y =cie® + ce® 3. y=cicosdx + ¢, sin 4x
5. y=c1e*? + coxe 7. y=rc; + cre??

9. y = e*(cicos 3x + ¢, sin 3x)
1. y= C]e(\/ifl)f/z + C26~(\/§+1)1/2

2x/3

13. P = ¢”[er cos(i) + ¢ sin(ihe)]

I5. All solutions approach either

0 or *o a5 x— +oo,

17. y = 27342 4
21. y =3 cos4x — sin 4x

19. y = e*? — 2xe*/?

23. y =e¢ (2 cosx + 3sinx)
eA+3 % el_\
e®—1 1 -¢?

25. y =3 cos(3x) — 4sin(lx) 27, y =
29. No solution

31. y = e (2 cos 3x — 7 sin 3x)

33. (b) A = n*a%/I? n a positive integer; y = Csin(nmx/L)

EXERCISES 18.2 » PAGE 1160
y=ce ¥+ e + %xz ~ %x + 2

Yy =c + ce™ + g5cos 4x — = sin 4x
y=e¥(cicosx + ¢, sinx) + e
y=3cosx + %sinx +ler + x3 — 6x
y=e(x2—x + 2)

= 0N N W -

w

The solutions are all asymptotic

(‘1 \\\ toy,.=ﬁ)cosx+%sinxas
| N x—> . Except for y,, all
= o 8 solutions approach either
o] Or —o0 a8 x—> —0o,

13. y, = Ae™ + (Bx’ + Cx + D) cos x + (Ex? + Fx + G) sin x
I5. y, = Ax + (Bx + C)e*

17. y, = xe™[(Ax* + Bx + C) cos 3x + (Dx* + Ex + F) sin 3x]
19. y =¢ cos(%x) + ¢ sin(%x) = %cosx

2l. y =cie* + crxe’ + e**

23. y = ¢;sinx + ¢, cos x + sin x In(sec x + tanx) — 1

25. y =[c; + In(1 + e7%)]e* + [c2—e™ + In(1 + e )]e>

27. y= e‘[cl + cx —5In(1 + x?) + xtan“x]

EXERCISES 18.3 = PAGE 1168
I. x =0.35cos(2/5 1) 3.x=—-3¢%+% 5 ¥ kg
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~0.11
13. O(r) = (—e7'/250)(6 cos 20 + 3 sin 207) + + i,
I(t) = ge"o’ sin 20¢
I5. O(1) = e'[35 cos 20r — <; sin 20/]
- % cos 10 + 1% sin 10¢

EXERCISES 18.4 = PAGE 1173

= ()C)A 3. Co E == C()(f“/‘
n=0 3" '
0 ( 2)11 !
2n 2n+1
teo Y ————x
”20 2n + 1)

~ %"
n!

i

=co— crIn(l — x) for |x| < 1

CHAPTER 18 REVIEW = PAGE 1174

True-False Quiz
I. True 3. True

Exercises

y= (‘1(‘ o+ creF 3. y=¢ LO@(\/_X) + ¢ sm(\/gx)

-y =e"(cicosx + ¢ sinx + 1)
LY =cie’ + e — L~ Ly
lLy= S — g

s _(=2)'n! 2n+1
2
17. Q) = —0.02¢""(cos 107 + sin 107) + 0.03
19. (¢) 2m/k = 85 min (d) =17,600 mi/h

I.

5

1. y=cie" + coxe® — 3 cos x —3(x + 1) sinx
9.

I

13. y = (e* — %)/3
15

APPENDIXES

EXERCISES A = PAGE A9
.18 3. 5.5~5 1.2-—53

T
_ Jxal for x = —1

—x—1 forx< -1
15. [—1, )

=2 0 -1 0

. x*+1

21

25,

29.

33.

37.

39
(b)
47.
$3.
57.

x = (a + b)c/(ab)

. (3, ) 19. (2,6)
3 B
(0,1] 23. [-1,1)
o 0 1 . |
(=, 1) U (2, ) 27. [-1,1]
12 -1
(=00, ) 31. (—\/i\/g
i\/_;
(=0, 1] 35. (—1,0) U (1, »)

—_— >
0 1 -1

(=2,0) U (}, o)

0

EN

10<C<35 4. (a) T=
-30°C<T<20°C 43. +

[13,17] 55 [4,—1] U [1, 4]
59. x> (¢ — b)/a

EXERCISES B » PAGE A5

21,

.74 5.237 1.2 9.

y=6x— 15 23. 2x -3y +19=0
25. Sx +y=11 27. y=3x—-2 29. y=3x-3

20 — 10h,0 <
; 452, -
(=3,3)  49. (3,5) 51 (-, ~7]U[-3,)

3l. y=5 3.x+2y+11=0 35. Sx — 2y +
37. m= -1, 39. m =0,
b=0 b= -2
.‘T
0 X
y=-2
=2
43. ¥4 45.
|
]
|
| .
1 .
ol x

|
|
|
|
1



47.

51

53. (0, —4) 55. (a) (4,9 (D) (3.5, —3) 57. (1, -2)

59. y=x —3 61. (b) 4x — 3y —24=0

EXERCISES C = PAGE A23
L(x=3)2+(+1)?=25

5. (2,-5),4 1. (-1,0),3

‘ 11. Parabola
i 4
0

= -

I x

25. Ellipse

v

APPENDIX H ANSWERS TO ODD-NUMBERED EXERCISES ]I Al123

27. Parabola ‘ 29. Parabola

EXERCISES D = PAGE A32

I. 7m/6 3. w20 5.57 7. 7200 9. 75°
1. —67.5° 13. 3mcm 15. 2rad = (120/7)°

21.

23. sin3m/4) = 1/+/2, cos(37/4) = —1/4/2, tan(3m/4) = — L,
csc(3m/4) = J2, sec(37/4) = =2, cot(3m/4) = —1

25. sin(97/2) = L, cos(97/2) = 0, csc(9m/2) = 1, cot(9m/2) = 0,
tan(977/2) and sec(9 m/2) undefined

27. sin(57/6) = 5, cos(5m/6) = —:/3/2, tan(57/6) = 71/\/3,
csc(57/6) = 2, sec(Sw/é) = 12/\@, cot(57/6) = =3

29. cos():?,tan():%,csc9:§,sec0:§,cot9=§

31. sin ¢ ="/5/3,cos ¢ = —tan¢= —5/2,csc d = 3/4/5,
cot p = 3.5




|
|
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33. sin B = —1/4/10, cos B = -3/4/10, tan B = 3,
csc B = —+/10,sec B = —/10/3

35. 573576 cm  37. 24.62147cm  59. 55(4 + 6+/2)
6. 5(3+8y2) 63.3% 65 7/3,57/3

61. m/4,3m/4, 5m/4, Tm/4 69. m/6, m/2,5m/6,3m/2
71. 0, m, 27 73. 0 < x < /6 and 57/6 < x < 2w
75. 0 < x < m/4,3m/4 <x < S5m/4, Tm/4 < x < 2w

77.

0 =z sm %
3 6
79. y
| |
| | |
| | |
| | |
| | |
1 I | >
0 w37 27l /57 3] x
2 | ) | 2 |
I | |
I I I
| | |
8l. .
1
- 0 T 2w &

89. 14.34457 cm®

EXERCISES E = PAGE A38

LyT+yVZ+B+V4+5 3.3 +3+3°
5. —1+31+3+34] 7. 10 4210 4 310 4 ... 4 10

10
9. 1=14+1=1+-c-+(=1" L Zi
i=1

19

. n 5 n
B S— 15. 3217 _202" 19. 3 x
i= i= i=1

A

21. 80  23.3276 25.0 27.61  29.n(n+ 1)
3. n(n + 6n + 17)/3  33. n(n® + 6n + 11)/3

35. n(n® + 2n* — n — 10)/4

4. @n* ®5™-1 ©3m @ a—a

1

43. ; 45. 14 49. 2"*' +n*+n—2

EXERCISES G = PAGE AS5

L8—4i 313+18 5 12-7 1.1+
9. =% n.—i 135 15 12+5i13

17, 4i4 19, T3 21 —1%2i

93, —2 = (V7/2)i  15. 342 [cos(3m/4) + i sin(37/4)]
27. 5{cos[lan‘1(§)] + i sin[tan™'(3)]}

29. 4[cos(m/2) + i sin(m/2)], cos(—m/6) + isin(—7/6),
Hcos(—m/6) + i sin(—/6)]

31. 4+/2[cos(77/12) + i sin(7m/12)],
(24/2)[cos(137/12) + i sin(137/12)], i[cos(m/6) + i sin(7/6)]

33, —1024  35. —5124/3 + 512

37, =1, =i, (1/y2)(=1 = i) 39. =(V3/2) +3i, —i

ar. i a3 s+ (3/2)i s =&

47. cos 30 = cos’0 — 3 cos 0sin’6,
sin 36 = 3 cos?6 sin 6 — sin*6




