APPENDIX I ANSWERS TO ODD-NUMBERED EXERCISES [ Aé65

I ANSWERS TO ODD-NUMBERED EXERCISES

CHAPTER | 33. (o, ) 35. (o, ®)
y y
EXERCISES 1.1 PAGE 20 5

I. (@ =2 () 28 (¢) —3,1 (d) —2.5,03

3. [—85,115] 5. No 0 x 0 6 1
7. Yes,[—3,2],[-3,—2) U[—1,3] ol
9. Diet, exercise, or illness
n. 7 31. [5, %) 39. (—%,0) U (0,)
. ) ;
44
>2
0 X
0 1
13. 7
43. (—», =)
y
| ‘ 1
midnight noon t
I5. amount -1 |0 X

45. fx)=3x—-S1<x<5 47.f()=1-+—=x

—x+3 if0=s=x=<3
49. f(x) = .
2x—6 if3<x=<S5
0 price 2
51. A(L) =10L — L*,0 < L < 10
53. A(x) = /3xY4,x >0 55. S(x) = x>+ (8/x), x>0
17. Height 57. V(x) = 4x> — 64x> + 240x,0 < x < 6
of grass 59. (a) R (%) (b) $400, $1900
— s
| ‘ ‘ ‘ ‘ 10 ——e
Wed. Wed. Wed. Wed. Wed.?
19. (@) N (b) In millions: 0 ob00 20,2) " 7 (i dollars)
600 1 92; 485
5001 (C) T (in dollars)
400 + 2500
300 +
200 + 1000
100 + - ; )
0‘ 10,000 20,000 30,000 / (in dollars)
0 1990 1992 1994 1996 1998 2000 ¢ 61. f is 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 67. 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 #* %} = (_Ooa %) U (%7 OO) (d) Rational (e) Trigonometric  (f) Logarithmic
29. [0,%) 31 (=%,0) U (5,%) 3.@h ®f ©yg



As6 ][]

5. (@ y=2x+ b, b=3b=0
where b is the y-intercept. =-1

y=2x+b

(b) y=mx + 1 — 2m, Y m=1
where m is the slope. m=—1

See graph at right.
() y=2x-3 2,1 m=0

7. Their graphs have slope —1. y

9. f(x) = =3x(x + (x —2)
I1. (a) 8.34, change in mg for every 1 year change

(b) 8.34 mg
13. (a) F (b) %, change in °F for every
(100, 212) 1°C change; 32, Fahrenheit
. temperature corresponding
F= EC +32 to 0°C
32
(—40,-40) c

15. () T=:iN+2Z (b) %, change in °F for every chirp per
minute change  (c) 76°F
17. (a) P =0.434d + 15
19. (a) Cosine (b) Linear
21. (a) 15

(b) 196 ft

Linear model is
appropriate

0 61,000
(b) y = —0.000105x + 14.521 15

61,000
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(c) y = —0.00009979x + 13.951 [See graph in (b).]

(d) About 11.5 per 100 population  (e) About 6%  (f) No
23. (a) 20 (ft)
189610 2000 (year

Linear model is appropriate
(b) y =0.08912x — 158.24
20 (ft)

(c) 20 ft

(d) No

1896 2000 (year)
1

0

25. y = 0.0012937x* — 7.06142x* + 12,823x — 7,743,770,
1914 million

EXERCISES 1.3 PAGE 43
L@y=fx)+3 O y=fx)—-3 @ y=fx—23)
A y=fx+3) (€ y=—fx) () y=rf(-x
@ y=3f () y=:f)
3. (a) 3 (b) 1 4 (S5 ()2
5. (@ (b) y[
0‘ X
(c) @ y‘
0 X
7. y=—y—x>—5x—4—-1
9. y 1. y
| /
y=—x
0 X -1 04;
y=(x+1)?
13. v
\ / /
o] U =

y=1+2cosx



5. ) 17.
y=sin(x/2)

21.

23. ’
1

y = |sinx]|

0o x

2
25. L(t) = 12 + 2sin| — (t —
(1) s1n|: 365 (¢ 80)]

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

y-axis is reflected about the y-axis.

(b) (©)

y .
[ y = sin |x|

0

y
o]

29. (f+ g)(x) = x>+ 5x% — 1, (—0, »)

(f=—9)x) =x"— x>+ 1, (=%, %)

(fg)(x) = 3x° + 6x* — x> — 2x?% (—o0, )

(flg)(x) = (x* + 2x2)/(3x? = 1), {x|x # *1//3]}

31. (@) (fog)(x) = 4x? + 4x, (—o, »)

(b) (gof)x) =2x> — 1, (—%,»)

(©) (fof)(x) =x*— 2x> (=, )

(d) (gog)(x) = 4x + 3, (=0, )

33. (@) (fog)(x) =1 —3cosx, (—o%,x)

() (gof)(x) = cos(l — 3x), (==, =)

(©) (fef)x) =9x — 2, (—», )

(d) (g°g)(x) = cos(cos x), (—, *)

35. (a) (feg)(x) = 2x* + 6x + 5)/[(x + 2)(x + 1)],
{x|x# =2, -1}

) (gefHx) = @*+x+ 1)/(x+ D {x|x# —1,0}
© (feof)x) = (x*+3x" + D/[x(x* + D], {x|x # 0}
d) (g°g)x) = (2x + 3)/Bx + 5), {x|x # -2, -3}
37. (fegoh)(x)=2x—1

39. (fegeoh)(x) =x®+4x’ +1

41, g(x) = x> + 1, f(x) = x"°

43. g(x) = Jx, f(x) = x/(1 + x)
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45. g4(tr) = cost, f(1) = NG

47. h(x) = x%g(x) =35 f(x) =1 — x
49. h(x) = x, g(x) = secx, f(x) = x*
5. @4 ()3 (¢) 0 (d) Does not exist; f(6) = 6 is not
in the domain of g. (e) 4 (f) —2

53. (a) (1) =60t (b) (A < r)(t) = 36007¢>; the area of the
circle as a function of time

55. (a) s =+/d>*+36 (b) d =30t

(c) s = \/90012—4-36; the distance between the lighthouse and the
ship as a function of the time elapsed since noon

57. (a) H (b) v

| — 120 1

0 f 0 t

V() = 120H(?)

(c) 1%
240 —_—
V(t) = 240H(t — 5)
0‘ 5 t

59. Yes; mym,

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

65. Yes

EXERCISES 1.4 = PAGE 51

l. (c) 3. 150

4 3500

] ot
v\

1 —3500

9.
1.1 1.5

—0.01 0.01

0 : -1.5
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13.

27 2 35 W \/

\/

-1

17. No 19. 9.05
25. —0.85 <x<0.85

21. 0,088 23. 4

27. (a) , (b) )
Gt U
O
= -3 3
" K /
-1 -2
(c) 2 (d) Graphs of even roots are

- similar to /x, graphs of odd
—:/:— {x  roots are similar to IUx. Asn

7 Yx increases, the graph of
-1 3 y = {/x becomes steeper near
L//// 0 and flatter for x > 1.
-1
29.
115 2 1 -2 -3
-2.5 25

—4

If ¢ < —1.5, the graph has three humps: two minimum points and
a maximum point. These humps get flatter as ¢ increases until at
¢ = —1.5 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 c is to 0, the larger the loop.

EXERCISES 1.5 PAGE 58

L (@ f(x)=a%a>0 O R () (0,%)
(d) See Figures 4(c), 4(b), and 4(a), respectively.
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All approach 0 as x — —o,
all pass through (0, 1), and
all are increasing. The larger
the base, the faster the rate of
increase.

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.

O/"x
-1 — o

y
-2
y=4"-3
,,,,,,,,, e
1. y
yzv o
A
0 x
y=1-— %e"
13. (@) y=e*—2 () y=e"? (c) y=—¢"
dy=e* (@ y=—¢e"
15. (@) (=, %) (b) (==,0) U (0, )
17. f(x) =3-2% 23. Atx =358
25. (a) 3200 (b) 10027  (c) 10,159
(d) 60,000 t=~269h
(
40

0

27. y = ab', where a = 3.154832569 X 10~'* and
b = 1.017764706; 5498 million; 7417 million

EXERCISES 1.6 PAGE 70

I. (a) See Definition 1.

(b) It must pass the Horizontal Line Test.

3. No 5. Yes 7. No 9. No Il. Yes

13. No 15. 2 17. 0

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

21 ') = -2+ x=0

23. f7'(x) = YInx



25. y=e¢"—3
27. flx)=x— 1 29.
6
7/
f il
//
7
//
7/
/7 .
// f
7
///
0 6

31. (a) It’s defined as the inverse of the exponential function with
base q, that is, log,x =y < a’ = x.

(b) (0,) (¢) R (d) See Figure 11.
33. (a) 3 (b) -3 35. (a) 3 (b) —2 37. In 1215
1+ x2
39. In M
sin x
41. y=log,;x All graphs approach
3 2 i
y=lnx —wasx — 07, all pass
él:y =1log,x through (1 s 0), and all
0= e are increasing. The
y=logsex

larger the base, the
slower the rate of
increase.

43. About 1,084,588 mi
45. (a)

y=log,(x+5)

-5

[
\
\
\
$
} —4 0
\
\
\
;

47. (a) Ve (b) —In5

49. (a) 5 + logz30r5 + (In3)/In 2
5. (a) x<In10 (b) x> 1/e
53. (@) (- ln3] ) /') ="'m@E - ), [0,V3)
55. 5

() 3(1 + 1+ 4e)

The graph passes the
Horizontal Line Test.

L .

-

') = —(3/4/6)(YD — 27x% + 20 — ID + 27x2 — 20 + J2),
where D = 3+/3+/27x* — 40x? + 16; two of the expressions are
complex.

57. (a) f '(n) = (3/In 2) In(n/100); the time elapsed when there
are n bacteria  (b) After about 26.9 hours

59. @) w/3 (b) = 6l. () w/4 (b) w/4
63. (a) 10 (b) =/3 67. x/\/1 + x?
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69. m — il
2 y=sm x
7
s y=sinx .
/ The second graph is
. ~ the reflection of the
2 2 first graph about the
/ line y = x.
7/
7/
/
e
E
71 (@) [=5,0]  (b) [~7/2, /2]

73 g ') =f"x)—c (® h'x)=~1/)f"(x

CHAPTER | REVIEW PAGE 73

True-False Quiz

I. False 3. False 5. True 7. False 9. True
1. False 13. False

Exercises

l. (@) 27 (b) 23,56 (c) [—6,6] (d) [—4,4]
(e) [-4,4] (f) No; it fails the Horizontal Line Test.

(g) Odd; its graph is symmetric about the origin.
3.2¢+h—2 5 (=%, 3) U (3, ®), (=, 0) U (0,=)
7. (—6,°), R

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 y = x (assuming f is
one-to-one).

0 X
I5. -
| 1
| 2
\ 0 X
|
17. (a) Neither (b) Odd (c¢) Even (d) Neither

19. (@) (fog)x) =In(x*—9), (=%, =3) U (3,%)
(b) (g°f)x) = (Inx)* =9, (0, %)

(©) (fof)(x) =Inlnx, (1, )

(d) (gogx) = (x> = 9 = 9, (=, %)

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

A69
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2.1 25.@9 M2 (© 143 @°:

27. (a) 1000 ~4.4 years
(

10

1000 — P

opP
to reach a given number P.
(¢) In 81 = 4.4 years

(b) t= ln( ); the time required for the population

PRINCIPLES OF PROBLEM SOLVING = PAGE 81

. 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.

1.5 1B.xe[-1,1-V3) Ul +33]
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I5. 40mi/h 19, fi(x) = x2"
CHAPTER 2

EXERCISES 2.1 PAGE 87

I (a) —44.4, -388, —27.8, =222, ~16.6
(b) =333 (c) 333

3. (a) (i) 0.333333 (i) 0.263158  (iii) 0.251256
(v) 0.250125 (v) 0.2  (vi) 0.238095  (vii) 0.248756
(viii) 0.249875 (b) 1 () y=1x+3

5 (a) () —32ft/s (i) —25.6ft/s (iii) —24.8 ft/s

(v) —24.16ft/s  (b) —24 ft/s
7. (a) (i) 4.65m/s (ii) 5.6m/s
(iv) 7m/s  (b) 6.3 m/s

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

(iii) 7.55 m/s

EXERCISES 2.2

I. Yes

3. (a) lim,_._; f(x) = o 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).

PAGE 96

(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 (b)3
(e) Does not exist
7. (a) —1 (b) —2  (c¢) Does not exist (d) 2 ) 0
(f) Does not exist (g) 1 (h) 3

9. (@ —» (b)» () (@ —» (e =

f) x=-T,x=-3,x=0,x=6

1. (a) 1 (b) 0 (c) Does not exist

13. y I5.

(c) Does not exist (d) 4

/‘:::::::X

1

17. 2 19.5 21,4 232 25 -
27. 0 29. —o 31, —o 33, —oo;
35. (a) 2.71828 (b) 6

w

-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 '(7/4), = (7 — sin"(7/4))

EXERCISES 2.3 = PAGE 106

I.(a) =6 (b) =8 (¢)2 (@ —6
(e) Does notexist (f) O

3.5 5390 7j; 9.0 IS5

13. Does not exist 5. ¢ 17. 8 19. 5 2.6
23.: 25— 2T..%x  29. —% 3L (a),(b) 3
35. 7 39. 6 41. —4  43. Does not exist

45. (a) y (b) () 1

(i) —1
(iii) Does not exist
@iv) 1

47. @) () 2 (i) -2 () No ()




49. (a) (i) —2  (ii) Does not exist  (iii) —3

®) ) n—1 (i) »  (c) a is not an integer.
55. 8 6l. 15; —1
EXERCISES 2.4 PAGE 117

1.  (or any smaller positive number)

3. 1.44 (or any smaller positive number)

5. 0.0906 (or any smaller positive number)

7. 0.11, 0.012 (or smaller positive numbers)

. (a) 0.031 (b) 0.010

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

13. (a) 0.025 (b) 0.0025

35. (a) 0.093 (b) 8= (B¥® — 12)/(6B"*) — 1, where
B =216 + 108 + 12./336 + 324¢ + 81¢2

41. Within 0.1

N-J

EXERCISES 2.5 PAGE 128

1. lim,_4 f(x) = f(4)

3. (a) —4 (removable), —2 (jump), 2 (jump), 4 (infinite)
(b) —4, neither; —2, left; 2, right; 4, right

7. (a) (b) Discontinuous att = 1,2,3, 4
Cost
(in dollars)
it
01 Time
(in hours)

9. 6
15. £(2) is not defined.

y

17. hm0 f(x) does not exist.

x=2
N

0

19. lim £(x) # £(0) 21 {x|x# —3,-2}

N
-

25. (—, ®)

- 0

23. [%’ ) 27. (=%, —1) U (1,%)
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29. x=0 3
_—/
—4 4
-1
31.2 331
37. 0, left 39. 0, right; 1, left
y y
(1,e)
02 ©0,2)
(1.1)
©0,1) (0.1
o 2o o« 0 >

AT7I

4.7 M. @ gx)=x+x>+x+1 (b) glx)=x>+x
51. (b) (0.86,0.87)  53. (b) 70.347
59. None 6l. Yes

EXERCISES 2.6 = PAGE 140

I. (a) As x becomes large, f(x) approaches 5.
(b) As x becomes large negative, f(x) approaches 3.

3.(@© ()e (¢ -2 (1 ()2
) x=-1lLx=2,y=1y=2
5. 7.
Y Y ;XZZ
\
14 } /
0 !
1 X 0 i x
|
|
\
9. y

x=4
1. 0 13. 2 150 17. — 19. 5 21.2
23. 3 25  27.3a-—b) 29. 3. —»
33. -3 35.0 37.(a),(b) -3 39.y=2;x=2
41. y=2;x=-2,x=1 43. x =5 45. y =3
2 —x
47. =
f(x) = 3)
49. —», —» 5]. —%, o
y
. —_—\
0 1 x




A72 [ APPENDIX | ANSWERS TO ODD-NUMBERED EXERCISES

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

1

55. (@) 0 (b) *oo 57. 5
59. (a) v* (b) 12 ~047 s

0 1

6.N=15 63. N<—-6,N<-22 65 (a) x> 100

EXERCISES 2.7 = PAGE 150

@ L0210

3.(@2 @Myy=2x+1 (c) 6

(b) lim

x—3

f(x) —fB3)
x—3

5.y=—x+5 7.y=13x+3
9. (a) 8¢ —6a> (b) y=2x+3,y=—8x+ 19
(© 10

—2| \ |4

=3

Il. (a) Rightt 0 <t<land4 <t<6;left:2<t<3;
standing still: 1 <7 <2and3 <r<4

®) vy
1 —_
0 1 — t
T (seconds)
13. —24 ft/s I5. —2/a’m/s; —2m/s; —+m/s; —= m/s

17. g’(o)’ 0, g/(4)’ 91(2)’ g’(_z)

19. , 2. 7y =Tx— 12
1
.0
1 x
23. @ —5y=—sx+3 () 4
-1 6
-2
2. —2+8 2. —— 29— L
' ¢ a3y " 2a + 2"

3l. f(x) =x"a=1lor f(x) =(1+x"a=0
33. f(x) =2%a=5

35. f(x) = cosx,a =  or f(x) = cos(m + x),a =0
37. 1m/s; 1 m/s

39. Temperature
(in °F)

Greater (in magnitude)
72

R —

0 1 2 Time
(in hours)

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

(iii) 16 percent/year

(b) 14.5 percent/year  (c) 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) S’(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

I. () 1.5 y
) 1 g
©0
(d) —4 0 X
(e) 0
(f) 1
(e 1.5




3.
5.

15. y fl(x) =e"
Lt
—/l

s -
17. (a) 0,1,2,4 (b) —1,—2,—4
19. f(x) =3, RR 2L f() =5— 18, R R
23. f'(x) =3x* - 3, R, R
25. g'(x) = 1/y/T + 2x,[—4, ), (—1, )
27. G'() = ——, (o, —1) U (—1,%9), (=, —1) U (-1,

0 =4 = D U (1), (o5 =) U (-1,)
29. f'(x) =4x* R, R 3. (@) f'(x) =4x*+2
33. (a) The rate at which the unemployment rate is changing, in
percent unemployed per year
(b)

t U'(n) ! U'()

1993 —0.80 1998 —0.35

1994 —0.65 1999 —0.25

1995 —0.35 2000 0.25

1996 —0.35 2001 0.90

1997 —0.45 2002 1.10

35. —4 (corner); 0 (discontinuity)

(@Il M IV (I (@ I
y 7. | y
\
f AVA
\
0 x ‘
""" N\
y I1.
§
- 5 0 X

—0.03

. )'

01 Y=M)

0.05 /\
U

1950 1960 1970 1980 1990

1963 to 1971

o]

37. —1 (vertical tangent); 4 (corner)

© f'(x) =2x
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39. 2
Differentiable at —1;
not differentiable at O
—2| |1
-1
4. a=f,b=f",c=f"
43. a = acceleration, b = velocity, ¢ = position
45, 6
i ><\f fl(x) =4 - 2x,
_ "(x) = -2
6 / \ 10 ")
) / \\\
-10
47. 3 fl(x) = 4x — 3x?,
3 \f” " —
F\ IV =4 — 6x,
. . A x
| f) = ~6,
A [ =0
o
V1
-7
49. (a) 3a°
-1 ifx<6 y
51. f'(x) = f!
J' {1 if x> 6 1 —
, x—6 0 6 *
or f0) =T ]
53. (a) y (b) All x
(©) f'(x) =2|x|
0
X
57. 63°
CHAPTER 2 REVIEW PAGE 166
True-False Quiz
I. False 3. True 5. False 7. True 9. True
1. False 13. True 15. True 17. False 19. False
Exercises
I. (a) (1) 3 (ii)) O (iii) Does not exist (iv) 2
(v) o (vi) —oo (vii) 4 (viii)) —1
b)y=4,y=-1 () x=0,x=2 () —3,0,2,4
3.1 532 1.3 9. 1. ? 13. 3
15. —© 17. 2 19. /2 2l. x=0,y=0 23. 1
29. (a) (i) 3 (i) O (iii) Does notexist (iv) O (v) O (vi) O
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(b) AtOand3 (c) y

OT 3 X

3I. R 35. (@ =8 (b) y=—8x+ 17

37. (a) (1) 3m/s (il) 2.75m/s (iii)) 2.625 m/s
(iv) 2.525m/s (b) 2.5m/s

39. (a) 10 (b) y=10x — 16

© 12

|/
L/

-12

41. (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

43. y

45. (a) f'(x) = =33 — 5072 () (—o0, 2], (~»,2)

(c) 6
\f ’

™
7 ~\’
) 6

47. —4 (discontinuity), —1 (corner), 2 (discontinuity),

5 (vertical tangent)

49. The rate at which the total value of US currency in circulation
is changing in billions of dollars per year; $22.2 billion/year

51. 0

PROBLEMS PLUS = PAGE 170

7.a=§i%\/§

(c) Yes; no
© f'(x)=x>+1

2
1.2
3
9.3

|§. (a) O

3. —4 5.1
1. (b) Yes
() 1

CHAPTER 3

APPENDIX | ANSWERS TO ODD-NUMBERED EXERCISES

EXERCISES 3.1 PAGE 180

I. (a) See Definition of the Number e (page 179).
(b) 0.99,1.03;2.7 <e <28

3. /() =0 5. f(0=-3 71 f(x)=3%>—-4

Iy =—3x75 13. V'(r) = 47r?
17. G'(x) = 1/(2y/x) — 2¢*
2l. y' =2ax + b

9. f'(t)=1+*
15. A'(s) = 60/s°
19. F'(x) = 2x*

SV + (2/Vx) = 3/(2xvx)

23. y' =

25.y'=0 27. H'(x) =3x>+3 —3x > —3x*

29. u' =415+ 1077 312 = —104/y"" + Be’

33 y=1ix+3

35. Tangent: y = 2x + 2; normal: y = —3x + 2

37. y=3x — 1 39. e — 5 41. 45x" — 15x°

43. (a) (c) 4x® — 9x? — 12x + 7
50 100
,\ ) |

73[ l5 | / \/ I
o —40

45, f'(x) = 4x° — 9x + 16, f"(x) = 12x> — 18x
47. f'(x) =2 — Dx7V4 fr(x) = a7

49. (a) v(r) = 31> — 3,a(t) = 6t (b) 12 m/s>
(¢) a(l) = 6 m/s? 51. (—=2,21),(1, —6)

55. y=12x — 15,y = 12x + 17

57.y=%x—%

59. (+2,4) 63. P(x) =x>—x+3
65. y=%x3—%x+3
67. No y y
f I
1 o1 *
§ "

69. (a) Not differentiable at 3 or —3

oo J2xif x| >3
f(x)_{—zx if |x] <3

(b) : y
) f /r
\ O
- Y—
)

—3 0

71y =2x"—x 73.a=—4,b=2 75. m=4,b =

77. 1000 79. 3;1

EXERCISES 3.2 PAGE 187

.y =5x* + 3x* + 2x

3. f(x) = e*(x* + 3x* + 2x + 2)

5 9 = (x — 2)e/x’ 7. g'(x) = 5/(2x + 1)
9. V'(x) = 14x° — 4x* — 6

1. F'(y) =5 + 14/y* + 9/y*

X3 -x)

(1—x%?

_21(=t* =4 +7)

13. y'
y (" — 32 + 1)

15. y'




17. y' = (r> = 2)e’ 19. y =20 — 1 /v
4+ 12 5
2. f(1)=—F75 23 f'(x) = —ACe/(B + Ce*
f'(0) (2 i \/i)z 3. f'(%) Ce*/( Ce")
25. f'(x) = 2cx/(x* + ¢)?
27. (x* + 4x¥e”; (x* + 8x* + 12x?)e”
2x° + 2x 2
T+ 207 (1 + 2x)°
3I.y=%x+% 33 y=2x;y= —3x
35. (a) y=2x+1 (b) 15

29

(—1,0.5)

—4| 4

-0.5
37. (a) e“(x — 3)/x* 39. xe*, (x + 1)e*
4.1 43. (@ —16 (b) -2 () 20
45.7 41. (@ 0 (b) —3

49. @) y =xg'(x) + g(x) () ¥y =[g(x) — xg'(0)]/[g(x)]?

© ¥ =[xg'(x) — g()]/x?

51. Two, (-2 = /3, (1 ¥ V3)/2)

53. $1.627 billion /year 55. (c) 3e™*

57. f'(x) = (x* + 2x)e”, f"(x) = (x* + 4x + 2)e”,
F"(x) = (x* 4+ 6x + 6)e”, fU(x) = (x* + 8x + 12)e",

FO>x) = (x + 10x + 20)e*; f™(x) = [x> + 2nx + n(n — 1)]e*

EXERCISES 3.3 PAGE 195
l. f'(x) = 6x + 2sinx 3. f'(x) = cos x — 2 cscix
5. g'(t) =3t*cost — ’sint
7. W'() = —csc B cotf + e’(cot§ — csc?6)
2 — tanx + x sec’x , sec 0 tan 0
B (2 — tan x)? - f6) = (1 + sec )’
13. y' = (xcos x — 2 sinx)/x*
I15. f'(x) = e*cscx(—xcotx + x + 1)

21 y=23x—-3f3r+2 23 y=x+1
25. (@) y=2x (b) 3=z
2

9.y

27. (a) secx tanx — 1
29. 6 cosf + sin6; 2 cosh — 6 sin O

3. (a) f'(x) = (1 +tanx)/secx (b) f'(x) = cosx + sinx

33. (2n + )7 * 2, n an integer

35. (a) v(r) = 8cost,alt) = —8sint

(b) 4+/3, —4, —44/3; to the left

37. 5 ft/rad 39. 3 41. 3 43. sin 1
45. %  41. —\2

APPENDIX I ANSWERS TO ODD-NUMBERED EXERCISES [

49. (a) sec’x = 1/cos*x  (b) sec x tan x = (sin x)/cos*x
(c) cosx — sinx = (cotx — 1)/csc x
51. 1

EXERCISES 3.4 PAGE 203
I. 4 cos4x 3. —20x(1 — x?)° 5. e"/(2Vx)
7. F'(x) = 10x(x* + 3x* — 2)*(2x* + 3)

. Filx) = — 23 o = 120
Y 4(1 4 2x + X 9 t* + 1)
13. y/ = =3x2sin(a’ + x°) I5. y = e ¥ (—kx + 1)

17. g'(x) = 4(1 + 4x)*3 + x — x¥)’(17 + 9x — 21x?)

19. y/ = 8(2x — 5)°(8x* — 5) *(—4x* + 30x — 5)

—12x(x*> + 1)?
(x* =1

25. F'(z2) = 1/[(z — D"z + 1)*?]

27. y' = (2 + 1) 29. y' = 2 cos(tan 2x) sec(2x)

X COoS X

21. y' = 23. y' = (cosx — xsinx)e

31. y = 2"™(7 In 2) cos mx 33. y' = 4sec’x tanx
35. y' = de™ sin el

(1 + e*)? 1+ e™
37. y' = —2 cos 0 cot(sin ) csc*(sin 6)

39. f'(1) = sec?(e')e’ + "' sec’t

41. f'(1) = 4 sin(e™") cos(e™") e"sin ¢ cos ¢

43. g'(x) = 2r*p(Ina) 2ra™ + n)*'a"™

—r cos(tan 7x) sec(7x) siny/sin (tan 7x)
2./sin (tan 7x)

47. 1'(x) = x//x> + 1, h"(x) = 1/(x* + 1)*?

45. y' =

49. e*(B cos Bx + asin Bx); e [(a? — B?) sin Bx + 2af cos Bx]

5. y=20x + 1 53. y=—~x+m
55. a) y=2x+1 (b) 3

0. 1)

g ]

57. (@) f'(x) = (2 — 2x?)//2 — x?
59. ((7/2) + 2nm, 3), (37/2) + 2nm, —1), n an integer
61. 24 63. (a) 30 (b) 36
65. (a) % (b) Does not exist  (¢) —2
67. (a) Fi(x) =e'f'(e)  (b) G'(x) = &/Vf'(x)
69. 120  71. 96  75. —2%cos 2x
77. (1) = 37 cos(1071) cm/s
dB T 2t
(@ —

=7 s 1
a 54 5, ®OI6

81. v(¢) = 2e "'(2mr cos 2at — 1.5 sin 27t)
2

79.

Noad hoad
IR e AV

-1 =7
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83. dv/dt is the rate of change of velocity with respect to time; 63. (i\/g, 0) 65. (—1,—1),(1, 1) 67. (b) 3 69. 2
dv/ds is the rate of change of velocity with respect to displacement

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

87. (b) The factored form

91. (b) —ncos" 'x sin[(n + 1)x]

EXERCISES 3.5 PAGE 213

l. (a) yy = —(y + 2 + 6x)/x

(b) y=(4/x) =2 = 3x,y' = —(4/x*) = 3

3.y =—y/x () y=x/(x—1),y =-1/(x— 1)

5. y' = —x7/y?
, _ 2x+y 9 ,73y2—5x4—4x3y
2y — x Y x* 4+ 3y? — 6xy
. —2xy’ —siny ,
.y =——" 13. yy =tanx tany
2x°y + x cosy
5, ' — y(y—e‘/‘) 7.y = 4xy\/xy — y
) y? — xe ’ x—2x2\/7
Ysinx + y cos
19,y — e’sin x + y cos(xy) 21, — 1
e’ cos x — xcos(xy)
_2 4. + 3_6 2
23 0 =2 T T g5 - x4
4xy? — 3x?y + 2y°
27.y=x+5 29.y—*§x+%
3. (a) y=3x—35 (b) 5

TIAT

-2

33. —81/y° 35. —2x/y’

37. (a) 4 Eight; x = 0.42, 1.58

(b)y——+1y x+2 (9 1%53/3
39. (=23 ,i}) 41. (xox/a*) — (yoy/b*) =1
1
45. 47. y = —F———
Y 2\/);(1 + x) Y V—x?—x
49. G'(0) = —1 - T 5 () =0
ST JI—x ‘

5.y = 26\ T— e s 1 - S

EN

EXERCISES 3.6 = PAGE 220

I. The differentiation formula is simplest.

cos(In x) 3
3. () = ———2 B )=
F x F = G T a2
1 si
7. fl(x) = ——F/— 9. f'(x) =
0= s W
11 F’(l‘)_ 6 — 12 13 '( )_ﬁ
: 2041 3r-1 TS
5. £/ 1+ 12 7 10x + 1
) = LT In2 BRI L
W[l + Inu)] Y T s -2
—X 1
) = Ly =——
19y =977 Ty tleser

23. y' =x + 2xIn(2x); y" = 3 + 21In(2x)
1 v —Xx
V1 +x0) T (1 + x2)%?

o 2x—1—(—Dn(x—1)
20 =0T — - OF
(I,1+e)U (1 + e x)

, 2(x — 1)

29. f'(x) = — a2 3 (=%,0) U (2, 0)
3. 1 33. y=3x-2 35. cosx + 1/x

10 24x°
37,y = 2x + 1(x* - 3)° +
Y= x+ Dl )<2x+1 x4—3>

,  sin’ tan’x 4 sec’x 4x
39. Y = ————+ 2 cotx + -
x*+1) tan x x>+ 1

41. y' = x(1 + Inx)

[ sin x
43. y' = x“""( + cosx In x)
X

45. y' = (cos x)*(—x tan x + In cos x)

25. y' =

T sec’x  Intanx
X tan x x?
, 2x . (=D (n — 1)
49.y =55 S =
x*+ oyt =2y (x=1

EXERCISES 3.7 = PAGE 230

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

(e) 96 ft

() t=8, (2) 61 — 24; —6m/s*

LN v~
I
co oo
U\ Il
Yo~
(]
W
3 o

0 20 s
(h) 40 (i) Speeding up when
s 2<t<4ort>6;
slowing down when
0=s=t<2ord<t<6
0 8




3. (a) f% sin<zt> (b) —imy21ft)s (c)t=0,4,8

d 4<t<8 (e) dft
() 1 =10,
=0

(g) —remicos(mt/4); 52 ft/s?

)
XY/
-1

(1) Speeding up when 0 < <2,4 <t <6;
slowing down when 2 <1 <4,6 <t <38

5. (a) Speedingup when 0 <r<lor2 <7< 3;
slowing down when 1 <t <2

(b) Speedingup when 1 <t <2or3 <t<4;
slowing down when 0 <t <lor2 <t <3

7. (a) t=4s

(b) r = 1.5 s; the velocity has an absolute minimum.
9. (a) 5.02m/s (b) /17 m/s

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) () 57 (i) 4.57 (ii) 4.17

(b) 47 (c) AA = 27r Ar

I5. (a) 8w ft?/ft (b) l6wft’/ft (c) 24 ft*/ft
The rate increases as the radius increases.

17. (a) 6kg/m (b) 12kg/m (¢) 18 kg/m
At the right end; at the left end

19. (a) 475A (b) 5A;t=73s

21. (a) dV/dP = —C/P*> (b) At the beginning
23. 400(3") In 3; = 6850 bacteria/h

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

(b) P(t) = at® + bt* + ct + d, where a = 0.00129371,
b= —7.061422, c = 12,822.979, d = —17,743,770

(c) P'(t) =3at> + 2bt + ¢

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

(e) 81.62 million/year

27. (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

29. (a) C'(x) =12 — 0.2x + 0.0015x?

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

(c) $32.20

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

33. —0.2436 K/min
35. (a) 0OandO0 (b) C=0
(©) (0,0), (500, 50); it is possible for the species to coexist.

APPENDIX I ANSWERS TO ODD-NUMBERED EXERCISES [ A77

EXERCISES 3.8 = PAGE 239

I. About 235

3. (a) 100(4.2)" (b) =7409 (c) =10,632 bacteria/h
(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) —2000In 0.9 = 211 s

9. (a) 100 X 27 mg  (b) =9.92mg (c) ~199.3 years
1. =2500 years 13. (a) =137°F (b) =116 min

15. (a) 13.3°C  (b) =67.74 min

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

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

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

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

EXERCISES 3.9 = PAGE 245

l. dV/dt = 3x* dx/dt 3. 48 cm?/s
7.70 9. =¥

I1. (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 y*=x*+1

17 () 250+/3 mi/h
y

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

© d —= (e) % ft/s
6 y

5. 3/(257) m/min

X y
I5. 65mi/h  17. 837//8674 = 8.99 ft/s
19. —1.6cm/min  21. 2 = 554km/h
23. (10,000 + 800,0007/9) = 2.89 X 10° cm*/min
25. 2cm/min - 27. 6/(57) =~ 038 ft/min  29. 0.3 m¥s
31. 80 cm*/min  33. ¢ =~ 0.132Q/s  35. 0.396 m/min

37. (a) 360 ft/s (b) 0.096 rad/s 39. 27 km/min
41. 1650//31 = 296 km/h  43. 1/15 = 6.78 m/s

EXERCISES 3.10 PAGE 252

I. L(x) = —10x — 6 3. L(x) = —x + 7w/2

5./1—x=1-1x; 3
V0.9 = 0.95, :
1/0.99 = 0.995

7. —1.204 < x < 0.706 9. —0.045 < x < 0.055
1. (a) dy = 2x(xcos2x + sin2x)dx (b) dy =

1+t2dl
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21.

)d_id (bd__67r2
. (a) dy = u ) dy = a1+ ry

(w— 1)
. (@) dy=we""dx (b) 0.01;0.0101

dr

. (a) dy = sec’xdx (b) —0.2
. Ay =0.64,dy =08 y
y=2x—x’
1+
s
0 1 dx :14;\

Ay = —0.1,dy = —0.125

23

33
35

. 3208  25.4.02  27. 1 — /90 = 0.965
. (a) 270 cm® 0.01, 1%  (b) 36 cm? 0.006, 0.6%
. (a) 84/m = 27 cm?; 4 = 0.012

(b) 1764/7% =~ 179 cm® & ~ 0.018

37
43

EXERCISES 3.11

l.
5.
21
23

(g) =

31

35.

39.

43.

47.

51
53
55

CH

. (a) 27rh Ar
. (a) 48,52

(b) 7(Ar)*h
(b) Too large

PAGE 259

@0 (1 3 (;

@l @O

. sechxz%, sinhx=§,cschx=%,tanhx:%,cothxZi

@1 () -1 (©® (-2 0 ()1

(h) = ()0

. f'(x) = x cosh x 33. 7/(x) = tanh x

y' = 3e“"¥ ginh 3x 37. /(1) = —2e'sech?(e") tanh(e’)
sech’x

= 4L G =
Y 1 + tanh’x )

(b) 1(e? — ) =~ 3.62686

—2 sinh x
(1 + coshx)?
1
=— 45. y' = sinh™'(x/3

N T y' = sinh™'(x/3)
, -1
Y xa/x2+ 1
. (a) 0.3572  (b) 70.34°
. (b) y =2sinh 3x — 4 cosh 3x

(In (1 +V2),2)

APTER 3 REVIEW = PAGE 261

True-False Quiz

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

Il. True

APPENDIX | ANSWERS TO ODD-NUMBERED EXERCISES

Exercises
. 6x(x* — 3x> + 5)*(2x> — 3) 3 L __4
' "2V 37
22x* + 1) “in 20
5 ﬁ 7. 2 cos20 e
P+ 1 cosv/x — /x sin+/x
9. ———— 1L
(1 -1 24/x
T (1 + 2x) 1 —y*—2xy
) x* T 4xyl+x2-3
2sec 20 (tan 260 — 1) i
17. 19. (1 + ¢?)e*si
(1 + tan 26)? (1 + c%)e sin x
21. 3*™(n 3)(1 + Inx) 23. —(x— 1)
25 2x — y cos(xy) 2
© xcos(xy) + 1 " (1+2x)In5
. 4x .
29. cotx — sin x cos x 3l. ——— + tan '(4x)
1+ 16x

33. 5 sec 5x 35. —6xcsc?(3x? + 5)

3x?2

37. cos(tan J1+ x3)(se02\/1 + xﬂﬁ
39. 2 cos 6 tan(sin 6) sec*(sin 6)
(x — 2)*(3x* — 55x — 52)

24/x + 1(x + 3)®

cosh x
4/sinhzx — 1
—3 sin(e¥@ ) eV sec?(3x)

2/tan 3x

57. y =2/3x + 1 — m/3/3
6l. y=—x+2;y=x+2

41. 43. 2x% cosh(x?) + sinh(x?)

45. 3 tanh 3x 47.

49. 5. —5 53, —5xY/y"!

59. y=2x+1

6. () 2 () y=lr+ly=-x+8
. (a) zm Yy=3X T 5Ly X
(C) 10
(4,4)
(1,2)
-10 10
f(x)
-10

65. (m/4,32), (5m/4, —v2)  69. (a) 2 (b) 44
71. 2xg(x) + x%g'(x) 73. 29(x)g'(x) 75. g'(e*)e”*

, FWlg(0)]* + ¢'() [f(x)]?
N O ETEE

81. f'(g(sin 4x))g'(sin 4x)(cos 4x)(4) 83. (—3,0)

85. y= —2x2+ %x

87. v(t) = —Ae “/[c cos(wt + 8) + wsin(wt + J)],

a(t) = Ae™"[(c? — w?*) cos(wt + &) + 2cw sin(wt + 8)]
89. (a) v() =3 —12;at) =6t (b) t>2:0<1<2

()23 (d) 20 ) t>2,0<r<?2
y a

v

0 713
position

—15




91. 4kg/m  93. (a) 200(3.24) (b) ~22,040
(c) =25,910 bacteria/h  (d) (In50)/(In3.24) =~ 3.33 h
95. (a) Coe™ (b) =~100h
99. 13ft/s  101. 400 ft/h
103. (a) L(x) =1+ x;J1 +3x= 1+ x;J1.03 = 1.01
(b) —0.23 <x <040

105. 12 + 27 =~ 16.7 cm? 107. —  109. }

97. % cm*min

1.2
I ix

PROBLEMS PLUS = PAGE 266

L(£333,3)  9.(03)

1. (a) 47y/3/y/11rad/s  (b) 40(cos @ + /8 + cos?) cm
(c) —4807rsin 6 (1 + cos 6/+/8 + cos?6) cm/s

I5. x7 € (3,), y7 € (2,%), xy € (0,3), yw € (3, 0)

17. (b) (i) 53° (or 127°) (i) 63° (or 117°)

19. R approaches the midpoint of the radius AO.

APPENDIX I ANSWERS TO ODD-NUMBERED EXERCISES

21. —sina  23. 2/e  27. (1, -2),(—1,0)
29. /29/58 31. 2 + 27 = 11.204 cm*/min
CHAPTER 4

EXERCISES 4.1 PAGE 277

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 ¢: smallest function
value when x is near ¢

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

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

7. » 9. v
3
2\/\/
1
x O 1 2 3 4 5%
(b)
y y
T /N IEPZAN
of /i 2 A\ «x o1 2 NU

(© y

[l A79

13. (a) (b)

3 x o X

[ I

I5. Abs. max. f(1) =5 17. None

19. Abs. min. f(0) = 0

21. Abs. max. f(—3) = 9, abs. and loc. min. f(0) =0
23. Abs. max. f(2) =1In2
25. Abs. max. f(0) = 1
29. -2 31.-4,2 33.04(-1%.5) 3502
37. 0,5 39.0,%4 4l nw (naninteger)  43. 0,2
45. 10  47. f(0) =5, f(2) = -7

49, f(-1) =8, f2)=—19

51. f3) =66, f(x1)=2  53. f(1) =3, f(0)=0

55. f(V2) =2.f(-1) = =3

57. f(m/6) = 53, f(m/2) = 0

59. f(2) =2 /e, f(=1) = —1/ie

3

61. f(1) =In3, f(—1) =In3

63 f( a ) _ a’b®
"Na+b (a + by
65. (a) 219,181 (b) 22 +2 —%2+2
67. (a) 0.32,0.00 (b) 23,0  69. =~3.9665°C
71. Cheapest, t = 0.855 (June 1994);
most expensive, r = 4.618 (March 1998)

73. (@) r=1r, (b) v=nkr}
(©)

|
|
|
|
|
’
|
|
[
|
|
|
|

7]

27. Abs. max. f(3) =2

v

430
27krg

EXERCISES 4.2 = PAGE 285

I.2 3.3 5. fisnotdifferentiable on (—1, 1)
7. 0.8,3.2,4.4, 6.1
9. (a), (b) (© 2v2

10 10

0 10 0 10

1.0 13 —im[i(1 e
23.16  25.No 3l No

I15. fis not continous at 3
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EXERCISES 4.3 PAGE 295 31. (a) Inc. on (O’ 2)’ (4’ 6), (8, oo)’
Abbreviations: inc., increasing; dec., decreasing; CD, concave dec. on (2, 4), (6, 8)
downward; CU, concave upward; HA, horizontal asymptote; (b) Loc. max. at x = 2, 6;
VA, vertical asymptote; IP, inflection point(s) loc. min. at x = 4, 8
(¢c) CU on (3, 6), (6, «);
I (@ (1,3),4,6) (b (0,1),3,4) (o) (0,2) CD on (0, 3)
) (2.4). 4.6 () (2.3 (d) 3 (e) See graph at right.

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

(c) Find points at which the concavity changes. 33. (a) Inc. on (=%, —1), (2, %); L7 Y /
5. (a) Inc. on (1, 5); dec. on (0, 1) and (5, 6) ((is;']jm (-1.2) o
(b) Loc. max. at x = 5, loc. min. at x = 1 (?C' max. f(=1) =7 0 (1.-1) x
7 x—1.7 loc. min. f(2) = =20 27
* ’ (c) CU on (%, ); CD on (*OC, %),
9. (a) Inc. on (—=, 3), (2, ©); dec. on (—3, 2) P (%7 ,g)
(b) Loc. max.lf(—3) = 81; loc. mirll.f(Z) = —%44 (d) See graph at right. Y 20
(¢) CU on (—3,%); CD on (=%, =3); IP (~3,7)
11. (a) Inc. on (—1, 0), (1, ); dec. on (—o, —1), (0, 1) 35. (a) Inc. on (—2, —1), (0, 1);
(b) Loc. max. f(0) = 3; loc. min. f(+1) =2 dec. on (—1, 0), (1, )
(¢) CU on (—, —/3/3), (v/3/3, =); (b) Loc. max. f(—1) = 3, f(1) = 3;
CD on (—+/3/3,/3/3); IP (+/3/3, %) loc. min. £(0) = 2
13. (2 Inc. on (0, 7/4), (5m/4, 2); dec. on (m/4, Sm/4) (¢) CU on (=1/v/3, 1//3);
(b) Loc. max. f(m/4) = /2; loc. min. f(57/4) = —/2 CD on (2, 2;1/\/5), (1/4/3, =);
(c) CU on (37/4, 7m/4); CD on (0, 37/4), (T7/4, 27); P (£1/V3,%)
IP (37/4,0), (77/4,0) (d) See graph at right.
15. (a) Inc. on (—}1n 2, *); dec. on (—o, —31n2) 37. (a) Inc. on (=%, =2), (0, »); 2.7 ;
(b) Loc. min. f(—31In2) =27%* + 23 (c) CU on (—, ») dec. on (=2, 0) |
17. (a) Inc. on (0, e?); dec. on (e?, ) (b) Loc. max. h(=2) = 7;
(b) Loc. max. f(e*) = 2/e loc. min. 2(0) = —1
(c) CU on (¢*?, ); CD on (0, ¢*?); IP (e*?,5¢747?) (¢) CUon (=1, %);
19. Loc. max. f(—1) = 7, loc. min. f(1) = —1 CD on (—2, _1);,IP (-1.3)
2. Loc. max. f(%) _s (d) See graph at right. X

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

(b) f has a horizontal tangent at 6. 39. (a) Inc. on (=2, «); Y
25 dec. on (=3, —2)
’ Y (b) Loc. min. A(—2) = =2 B
(c) CU on (-3, =) -3

(d) See graph at right. M x
-2

41. (a) Inc. on (—1, «); Y
dec. on (—%, —1) (2.632)
27. ¥ ‘ y (b) Loc. min. C(—1) = —3
| (c) CUon (—2=,0), (2, ®);
} CD on (0, 2);
I
I
I
I

IPs (0, 0), (2,6/2) ,\j >
- 0‘ K:QX - : > (d) See graph at right. oy
43. (a) Inc. on (, 2m); y
29. y dec. on (0, m)

(b) Loc. min. f(m) = —1 (1 i) <5i i)
(¢) CU on (w/3, 57/3); T e

0 x CD on (0, 7/3), (57/3, 2m); 7% \_7:_/ 27 6
1P (7/3,3), (57/3.3) (7, =)
(d) See graph at right.




45. (a) HAy=1,VAx= —1,x=1 }y }
(b) Inc. on (—o, —1), (=1, 0); J |
dec. on (0, 1), (1, =) ‘ ‘

—
(c) Loc. max. f(0) =0 ;

(d) CU on (—o, —1), (1, »); |
\
\
\

CDon (—1,1)
(e) See graph at right.

47.(a) HAy =0

(b) Dec. on (—, )
(c) None

(d) CU on (—o», )
(e) See graph at right.

49. (a) VAx=0,x=¢ ‘
(b) Dec. on (0, e) |
(c) None }
(d) CU on (0, 1); CD on (1, e); 0 S
!
\
\

IP (1, 0)
(e) See graph at right.

51. (a) HAy =1, VAx = —1
(b) Inc. on (—o, —1), (—1, )

(c) None

(d) CU on (=, —1), (=1, —3);
CD on (—3,); IP (3, 1/¢?)
(e) See graph at right.

53. (3, )

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

(b) 5(3 = V17)

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

CD on (0,0.94), (2.57,3.71), (5.35, 2m);

IP (0.94, 0.44), (2.57, —0.63), (3.71, —0.63), (5.35, 0.44)

59. CU on (—%, —0.6), (0.0, »); CD on (—0.6, 0.0)

61. (a) The rate of increase is initially very small, increases to a
maximum at ¢t = 8 h, then decreases toward 0.

(b) Whent=8 (¢) CUon (0,8); CDon (8, 18)
63. K(3) — K(2); CD

65. 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

67. f(x) =5(2x* +3x>— 12x + 7)

(d) (8,350)

EXERCISES 4.4 = PAGE 304
I. (a) Indeterminate (b) O (c) O

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

3. (a) —o° (b) Indeterminate (c)

52 7.2 9. - Il.o 13 p/q

150 17. —»  19.0 2.3 23.1
25.In3 27.1 29.% 3.0 33 —1/7>
35.2a(a—1) 37.5 39.7 4.3  43.0
45. —2/7  47.% 49.%1 5. 53,1

APPENDIX I ANSWERS TO ODD-NUMBERED EXERCISES

55. ¢ 2 57. ¢° 59. 1 6l. ¢*
63. 1/\Je 65 ¢ 671.3 711
83. (a) 0

EXERCISES 4.5 PAGE 314

I. AA. R B. y-int. 0; x-int. 0

C. About (0,0) D. None

E. Inc. on (—o0, ) F. None

G. CU on (0, »); CD on (=, 0);

77. La

[l A8l

79. 56

IP (0, 0)
H. See graph at right.

3. A. R B. y-int. 2; x-int. 2, 5(7 + 34/5)
C. None D. None y
E. Inc. on (1, 5);

dec. on (=, 1), (5, )
F. Loc. min. f(1) = —5;
loc. max. f(5) = 27

(5.27)

G. CUon (=, 3); 0
CD on (3, %); IP (3, 11)
H. See graph at right.

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

E. Inc. on (—3, «);

dec. on (—%, —3)

F. Loc. min. f(—=3) = =27

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

7.A. R B. ydint. |

C. None D. None

E. Inc. on (—20, 0), (1, »);
dec. on (0, 1)

=

3,-27)

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

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

CD on (—00, 1/\3/1);

1P (1/3/4,1 - 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 (—®, 1), (1, )

F. None

G. CUon (1,%); CD on (—¢°, 1)

H. See graph at right.

ol
[

(1,-2)




As2 ||

1. A. {x|x# *3} B. y-int. =
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) = —4

G. CU on (—, —3), (3, =);
CDon (—3,3)

y

H. See graph at right. x=-3 x=3
13. A R B. y-int. 0; x-int. 0 y
C. About (0,0) D. HAy=0 (3.%)

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

APPENDIX | ANSWERS TO ODD-NUMBERED EXERCISES

F. Loc. min. f(—3) = —&; x
loc. max. f(3) = +;

G. CUon (—3+/3,0), (3+/3, »);
CD on (=, —34/3), (0, 3+/3);
IP (0, 0), (£3/3, £/3/12)

H. See graph at right.

15. A. (—=,0) U (0,2) B. x-int. 1 y
C. None D. HAy=0;VAx=0 Y (.3
E. Inc. on (0, 2); .

1 X

dec. on (==, 0), (2, )

E. Loc. max. f(2) = 1

G. CU on (3, »);

CD on (=, 0), (0, 3); IP (3, 2)
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 (—<°, 0)
F. Loc. min. f(0) =0

G. CUon (-1, 1);

CD on (=%, —1), (1,); IP (*1,3})
H. See graph at right

19. A. (—»,5] B. y-int. 0; x-int. 0, 5 ! (m’ 10415
C. None D. None y%
E. Inc. on (—00, ]70), dec. on (?, 5)

F. Loc. max.f(?) =215 *
G. CD on (—, 5)

H. See graph at right.

21. A. (=0, =2) U (1, ) y

B. x-int. =2, 1

C. None D. None

E. Inc. on (1, 90); dec. on (—OO, —2)

F. None

G. CD on (—%, —2), (1, =)

H. See graph at right. o 0 X

23. A R

E. Inc. on (—o0, ) F. None
G. CU on (—x, 0);
CD on (0, «); IP (0, 0)

H. See graph at right.

25. A {x||x]| < Lx#0}=[-1,0)U (0, 1]
B. x-int. =1  C. About (0, 0) y

D. VAx=0
E. Dec. on (—1,0), (0, 1) .
F. None ~

G. CUon (=1, —v2/3), (0, v2/3);
CD on (—+/2/3,0). (v2/3. 1);

IP (+4/2/3, £1/4/2)

H. See graph at right.

27. A. R
D. None E. Inc.on (=%, —1), (1, e); dec. on (—1, 1)
F. Loc. max. f(—1) = 2;
loc. min. f(1) = =2

B. y-int. 0; x-int. 0, =34/3  C. About the origin

B. y-int. 0; x-int. 0 y
C. About the origin y=t
D. HAy = *1

y
(-1,2) ;
(3v3,0)
(0,0)

G. CU on (0, ); CD on (—2, 0); |
IP (0, 0) (333 y -
H. See graph at right. ' (1,-2)

29. A. R B. y-int. —1; x-int. *£1 y

C. About y-axis D. None

E. Inc. on (0, «); dec. on (=, 0)
F. Loc. min. f(0) = —1

G. CUon (-1, 1);

N

CDon (=, —1), (1, %);
IP (+1,0)
H. See graph at right.

(—L(»QJ(LO)

3I. A. R B. y-int. 0; x-int. n7 (n an integer)
C. About the origin, period 277 D. None

E. Inc. on Qnw — w/2,2n7m + w/2);
dec. on 2nm + @w/2,2nm + 37/2)
F. Loc. max. fQnm + m/2) = 2;
loc. min. f(2n + 3w/2) = =2

G. CUon (2n — 1), 2nm);

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

33. A. (—=#/2,m/2) B. y-int. 0; x-int. 0

G. CUon (—m/2, w/2)

C. About y-axis
D. VAx = *£7/2 y
E. Inc. on (0, 7/2);
dec. on (—m/2,0)

H. See graph at right.

|
|
i
F. Loc. min. f(0) = 0 }
|
|
|
|



35. A. (0,3m) C. None D. None
E. Inc. on (7/3, 57/3), (77/3, 3m);
dec. on (0, 7/3), (57/3, 7/3)

F. Loc. min. f(a/3) = (w/6) — 33/3, f(77/3) = (17/6) — &
loc. max. f(57/3) = (57/6) + /3 '

G. CU on (0, m), 2, 3m);
CD on (m, 2m);

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

H. See graph at right.

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

B. y-int. O; x-int. 2nm

C. About the origin, period 27

D. VAx=Q2n+ Dm

E. Inc.on (2n — 1)m, 2n + 1)) F. None

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

H.

x=-37 x=-— x=1 x=3x

e

39. AR B. y-int. 1 C. Period 2= D. None
Answers for E-G are for the interval [0, 277].

E. Inc. on (0, 7/2), 37/2, 27); dec. on (7/2, 37/2)

F. Loc. max. f(7/2) = e; loc. min. f(37/2) = ¢!

G. CUon (0, @), (B, 27) where a = sin”'(3(—1 + /5)),
B = m— a;CDon (a, B); IP when x = «, B

- \ 2 4 %

41. A. R B. y-int.}
D. HAy=0,y=1

E. Inc.on R F. None
G. CU on (=2, 0); CD on (0, ®);
Ip (0, %) H. See graph at right.

C. None

43. A. (0,) B. None y
C. None D. VAx=0

E. Inc. on (1, ©); dec. on (0, 1)

F. Loc. min. f(1) = 1

G. CU on (0, »)

H. See graph at right.

(1.1)
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45. A. R B. y-int.; C. None
D. HAy=0,y=1

E. Dec.on R F. None

G. CUon (ln % oc); CD on (=, In %)
IP (In 3, 5)

H. See graph at right.

47. A. All xin (2nm, 2n + 1)7) (n an integer)
B. x-int. w/2 + 2nm  C. Period 2w D. VA x = nm

E. Inc. on 2nm, w/2 + 2nm); dec. on (/2 + 2nm, 2n + 1))
F. Loc. max. f(@/2 + 2nm) =0 G. CD on 2nm, 2n + 1)m)

49. A. R B. y-int. 0; x-int. 0 C. About (0,0) D. HAy =20
E. Inc. on (—1/+/2, 1/4/2); dec. on (—o, —1/4/2), (1/4/2, =)

F. Loc. min. f(—1/4/2) = —1/y/2e; loc. max. f(1/4/2) = 1/y/2¢
G. CUon (=+/3/2,0), (v/3/2,%); CD on (=, —/3/2), (0, /3/2);
IP (£4/3/2, =/3/2¢7%?), (0, 0)

H. )
TG

5. A, R B. y-int. 2 y
C. None D. None

E. Inc. on (é In, 00); dec. on (—00, iln %)
F. Loc. min. f(3In3) = (_%)3/5 + (%)72/5

G. CU on (—%, ) ‘\
. local
H. See graph at right. minimum | (0,2)
0 X
53. m | 55.
|
\ .
} 0 Lp L ox
|
(0, my) }l‘:‘
\
0 1 v
\
57. y=x—1 59. y=2x—2



As4 ][]

61. A (==.3) U (5. %)

NV
B. y-int. 15 x-int. }(5 = /17) oL
C. None \“\\
D. VAx=12SAy=—x+2 } AN
E. Dec. on (—00, %), %, °°) 0 }\ 1\\ )
F. None T2 \\\
G. CUon (%, 00); CD on(—OO, %) i y=—x 42\
H. See graph at right
63. A. {x|x# 0} B. None N
C. About (0,0) D. VAx=0;SAy=x / //
E. Inc. on (—%, —2), (2, ©); =X
dec. on (=2, 0), (0, 2) — 0/ -
F. Loc. max. f(=2) = —4; ///
loc. min. f(2) = 4 ///
G. CU on (0, ®); CD on (—¢°, 0) /-2,~4)
H. See graph at right.
65. A. R B. y-int. 1; x-int. —1
C. None D.SAy=2x+1
E. Inc. on (—o0, ) F. None
G. CUon (—=, —/3), .1
(07 \/§)’ —12/'
CD on (—v/3,0), (v/3, »); 70
P (=3, 1+33),(01) (—\/3,—2\/3+1/ﬁ;y_ 2ol

H. See graph at right.

67. y 71. VA x = 0, asymptotic to y = x°

EXERCISES 4.6 = PAGE 320

I. Inc. on (0.92, 2.5), (2.58, «); dec. on (=0, 0.92), (2.5, 2.58);
loc. max. f(2.5) = 4; loc. min. f(0.92) = —5.12, f(2.58) = 3.998;
CU on (—%, 1.46), (2.54, «);
CD on (1.46, 2.54); 1P (1.46, —1.40), (2.54, 3.999)

10 4.04

2.4 2.7
3.96

AV

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,
£(18.93) = —12,700,000; CU on (—«, —11.34), (0, 2.92),
(15.08, »); CD on (—11.34, 0), (2.92, 15.08);

APPENDIX | ANSWERS TO ODD-NUMBERED EXERCISES

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
—-10 10
—13,000,000 —30,000

5. Inc. on (—o0, —1.7), (—1.7,0.24), (0.24, 1);

dec. on (1, 2.46), (2.46, ); loc. max. f(1) = —1;

CU on (—o%, —1.7), (—0.506, 0.24), (2.46, «);

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

3

A

-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
f
!
,4| AN | )
-2.5 ! ! ! ! 0
—10 6

9. Inc. on (—8 - J61, -8 + \ﬁ), dec. on (—OO, -8 — \/a),
(—8 + /61, 0), (0,%); CU on (—12 — /138, —12 + /138),
(0, %); CD on (—o%, —12 — /138), (=12 + /138, 0)

75

1

-1 1
—100 —1 N '

1. (a)

—0.25

1.75

—-0.25

(b) lim,_,+ f(x) =0

(¢) Loc. min. f(1/y/e) = —1/(2e);
CD on (0, ¢ *?); CU on (e~ %2, )
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13. Loc. max. f(—5.6) = 0.018, f(0.82) =~ —281.5, 21. Inc. on (=2, 0), (0, ®); 1

£(5.2) = 0.0145; loc. min. f(3) =0 CU on (=%, —0.4), (0, 0.4); ;
o CD on (—0.4, 0), (0.4, »);

r//—\ IP ( 70.4, +0.8) -3
-8 | -35

—

—0.04 23. (a) 2
500 0.03
L U, O 8
-1
~1500 235 8 (b) Tim, o x'* = 0, lim, . x'/* = 1

(c) Loc. max. f(e) = e'*  (d) IP at x = 0.58, 4.37
Cx(x + 17+ 18x% — 44x — 16)

I15. f'(x) =
fe (x = 2)%(x — 4)° 25. Max. £(0.59) = 1, £(0.68) =~ 1, £(1.96) =~ 1;
) (v 4 D + 362° + 6x° — 628x° + 684x” + 672x + 64) min. £(0.64) = 0.99996, f(1.46) =~ 0.49, f(2.73) = —0.51;
Jrx) =2 =2 —aF IP (0.61,0.99998), (0.66, 0.99998), (1.17, 0.72),

CU on (=35.3. —5.0). (=1. —0.5). (—0.1.2). (2. 4). (4. =); (1.75,0.77), (2.28,0.34)

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),
(—0.1, 0.0000066) f
17. Inc. on (0, 0.43); dec. on (0.43, «); loc. max. f(0.43) =~ 0.41; 0 77
CU on (0.94, e0); CD on (0, 0.94);
IP (0.94, 0.34)

0.5 —12

! 1 12

0 5 —27 2m
19. Inc. on (—4.91, —4.51), (0, 1.77), (4.91, 8.06), (10.79, 14.34), 055 o
(17.08, 20); 0.9997 T2
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, 27. For ¢ = 0, there is no IP and only one extreme point, the

f(14.34) = 4.39;
loc. min. £(10.79) = 2.43, f(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

I

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 ¢ — —.
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29. There is no maximum or minimum, regardless of the
value of c. For ¢ < 0, there is a vertical asymptote at x = 0,
lim, . f(x) = o, and lim, . +.. f(x) = 1.

¢ = 0 is a transitional value at which f(x) = 1 for x # 0.
For ¢ > 0, lim,_, f(x) = 0, lim,_. +.. f(x) = 1, and there are
two IPs, which move away from the y-axis as ¢ — .

31. 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.

33. 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.

10 ¢=3 c=1
\ —
\ c=0.5
N \
Neo-l \\ c=0
A
-15 D 5
VN
\\ NI
N
.
\ Yoo Ne=-05
\
210 c=-3 c=-1
35. 3
—1
-2
0
-3 ===
n
/
/<l
i 2
/!

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

For ¢ < 0, lim,_.. f(x) = % and lim,_.—.. f(x) = 0.

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

37. (a) Positive (b) c=4

EXERCISES 4.7 = PAGE 328

I. (a) 11,12 (b) 11.5,11.5 3. 10, 10
5. 25mby25m 7. N=1
9. (a)
50 12,500 ft?
250
100 12,500 ft? 120 9000 fe
125
75

(b)

X

y

() A=xy (d) 5x+2y=750 () A(x) =375x — x>
(f) 14,062.5 ft>

11. 1000 ft by 1500 ft 13. 4000 cm’ 15. $191.28

17. (—%%) 19. (—%, +3 2) 21. Square, side v/2r
23. L/2,/3L/4  25. Base v/3r, height 3r/2

27. 4mrY/(33)  29. w1 +4/5) 31 24cm,36cm
33. (a) Use all of the wire for the square

(b) 40/3/(9 + 4/3) m for the square

35. Height = radius = ¢/V/mcm 37. V=2aR/(93)
41. E*/(4r)

43. (a) 3S%csc O (csc 6 — /3cot )  (b) cos '(1/4/3) = 55°
(c) 6s[h + 5/(2/2)]

45. Row directly to B 47. ~4.85 km east of the refinery
49. 10%/ (1 + \3/5 ) ft from the stronger source

51. (az/3 + b2/3)3/2

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

(iii) $320/unit

55. (a) p(x) =19 — sa5x  (b) $9.50

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

61.9.35m 65. x = 6in. 67. /6

69. Ata distance 5 — 2+/5 from A 71 3L + W)

73. (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|  (¢) =~1.07; no such
value () V41/4 = 1.6



7.
I5.

EXERCISES 4.8 = PAGE 338

. (@ x,~23,x,~3 () No 3.% 5 11797
11785 9. —1.25  11. 1.82056420  13. 1.217562
0.876726  17. —0.724492, 1.220744
1.412391,3.057104  21. 0.641714

19.
23.
25.
27.
35.
37.
41.

EXERCISES 4.9

I. F(x) =3x> = 3x + C
5. F(x) =3x*+3x2—x+ C

—1.93822883, —1.21997997, 1.13929375, 2.98984102
—1.97806681, —0.82646233

0.21916368, 1.08422462 29. (b) 31.622777

(a) —1.293227, —0.441731, 0.507854  (b) —2.0212
(0.904557, 1.8552717) 39. (0.410245, 0.347810)
0.76286%

PAGE 345

3.F(0)=sx+ixX —ix*+ C

9. F(x) =4x* — %75 + C

13.
I5.
17.
19.
21.
25.
29.

33.
35.

37.
39.

43.
47.
51.

53.

57.
6l.
63.
©)
67.

if x<O0
if x>0

PO = {—5/(4x8) +C
—5/(4x%) + C,

F(u) =%u*—6u™"?+ C

G(0) = sinf + 5cosf + C

F(x) = 5¢* — 3sinhx + C

F(x) =3x*—In|x|—1/x*+ C

Flx)=x"—3x°+4 23 x*+x*+Cx+D

%X+ Cx+D  21. e +3C*+ Dt + E

x—3x*+38 314X + 2x°2 + 4

2sins+ tant + 4 — 24/3

30 —Lifx > 0; 3% = 2ifx <0

2+ axd 52— 2x + 2

—sinf — cos 0 + 50 + 4 41 x> —2x* +9x + 9

x? — cosx — 3ax 45, —Inx + (In2)x — In2

10 49. b
y
1 F
TN T
¥ 55.

s()=1—cost—sint  59. s(t) =+t — 1>+ 3t + 1
s(f) = —10sint — 3 cost + (6/m)t + 3

(a) s(t) =450 — 4.9 (b) /450/4.9 = 9.58 s
—0.8./450/4.9 = —939m/s  (d) About 9.09 s

225t 69. $742.08  7I. 2 =~ 1185

7. F(x) = 4x* — 4x"* + C

APPENDIX I ANSWERS TO ODD-NUMBERED EXERCISES [

73. ¥ ~ 587 ft/s?
77. (a) 22.9125 mi
(d) 55.425 mi

75. 62,500 km/h*> =~ 4.82 m/s>
(b) 21.675mi  (c) 30 min 33 s

CHAPTER 4 REVIEW = PAGE 347

True-False Quiz

I. False 3. False
Il. True 13. False

7. False
17. True

5. True
15. True

9. True

Exercises

I. Abs. max. f(4) = 5, abs. and loc. min. f(3) = 1;

loc. min. f(3) = 1

3. Abs. max. f(2) = 2, abs. and loc. min. f(—3) = —7

5. Abs. max. f(7r) = r; abs. min. f(0) = 0; loc. max.
f(ar/3) = (m/3) + 34/3; loc. min. f(27/3) = (27/3) — 3+/3
7.7 9.8 ILO 13}
I5.

NN

19. A. R B. y-int.2
C. None D. None
E. Dec. on (—», o)
G. CU on (=, 0);
CD on (0, «); IP (0, 2) o
H. See graph at right.

F. None

2l. A. R B. y-int. 0; x-int. 0, 1 y
C. None D. None 2t
E. Inc. on (ﬁ, 00), dec. on (*DO, i)
E Loc. min. f(;) = — % T
G. CUon (—,3), (1, );
CD on (5, 1) 1P (3, —55), (1, 0) B
H. See graph at right.
23. A. {x|x# 0,3} y
B. None C. None

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

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

A87

19. True

(0, 1), (3, %) 0
F. Loc. min. f(1) = 1
G. CU on (0, 3), (3, %); CD on (—°, 0)
H. See graph at right.
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25. A. {x 37. Inc. on (—0.23, 0), (1.62, »); dec. on (—c0, —0.23), (0, 1.62);

B. y-int. 0, x-int. 0 C. None
D. VAx=—-8;SAy=x—28

E. Inc. on (—c0, —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.

27. A. [—2, )

B. y-int. O; x-int. —2,0

C. None D. None

E. Inc. on (*%,00) dec. on( s *%)

F. Loc. min.f(f3) ,g\/’

G. CU on (=2, x) (4
H. See graph at right.

29. A. R B. y-int. —2

C. About y-axis, period 2= D. None

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

_M)

9

F. Loc. max. f((2n + 1)@ = 2; loc. min. f(2nm) = —

G. CUon 2nm — (w/3), 2nm + (w/3));
CD on (2nm + (w/3), 2nm + (57/3)); IP (2nfrr +

(7/3), —%)

loc. max. f(0) = 2; loc. min. f(—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

N W
LN

—20 1.5

39. 1

0

41. —2.96, —0.18, 3.01; —1.57, 1.57; —2.16, —0.75, 0.46, 2.21

43. For C > —1, fis periodic with period 27 and has local

-0.5 \ | 0.4

(+0.82,0.22); (=273, e ?)

maxima at 2nar + /2, n an integer. For C < —1, f has no graph.
For —1 < C = 1, f has vertical asymptotes. For C > 1, f is con-
tinuous on R. As C increases, f moves upward and its oscillations

become less pronounced.

\/ - - \/ 49. (a) 0 (b) CUonR  53. 3./3r7
W 55. 4/\/3cmfromD 57. L=C  59. $11.50
61. 1.297383 63. 1.16718557
3. AL {x||x| =1} Y 65. f(x)—sinxfsin"erC
B. None C. About (0, 0) z k 67. f(x) =:x2+:x* + C
D. HAy =20 =5 ] > 69.f(t)=t+3cost+2
E. Dec. on (=, —1), (1, %) N = T f(x) =3x7 — x>+ dx* +2x + 1
F. None 73. s() =t>—tan"'r + 1
G. CU on (1, %); CD on (=, —1) S an
H. See graph at right. 75. (b) 0.1e* —cosx + 09  (¢) 5
33. AR B. y-int. 0, x-int. 0  C. None D. HAy=0
E. Inc.on (—%,1),dec. on (3, %) F Loc. max. f(3) = 1/(2¢) F
G. CUon (1,%); CDon (=, 1); IP (1, ¢7?)
H.
| ¢
-1
77. No

79. (b) About 8.51in.by 2in. (c) 20/4/3 in., 204/2/3 in.

35. Inc. on (—+/3,0), (0, v/3); Is PROBLEMS PLUS = PAGE 352
dec. on (=%, —/3), (v/3, ); 5,24 T.(=2,4),(02, -4 Il. -35<a<-25
loc. max. f(v/3) = 2/3. f 13. (m/2, m*/4) I5. a < el

5 19. (a) T, = D/c;, T» = (2h sec 6)/c; + (D — 2h tan 0)/c,

loc. min. f(—/3) = —3./3; -5
CUon( \/8,0),( 6, oo), ’-\J /
CDon( 0, —/6), (0,\@); |

1P (1/6. % V6). (—V6. -

= J4h* + D*/¢,

(¢c) ¢1 = 3.85km/s, c; = 7.66 km/s, h = 0.42 km
23. 3/(32 — 1) = 11;h



CHAPTER 5
EXERCISES 5.1 PAGE 364

l. (a) 40,52 (b) 43.2,49.2

0| 0| 5 10"

5 10°

3. (a) 0.7908, underestimate  (b) 1.1835, overestimate

y y
1 _ . 1
f(x)=cosx X)=COoS X
L
2

f(x)
0‘ 7 @ 3w w X 0‘ 7 7 3 7 X
8 8 § 4 8 2

3

4

5. (a) 8, 6.875 (b) 5,5.375
y 7 ¥ 7 y y
2 7 2 2 4 2
0 1 X 0 1 X 0 1 X 0 1 X
(c) 5.75,5.9375 y y
0 1 X 0 1 X
(d) M
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
1. 34.7 ft, 44.8 ft 13. 632L,70L I5. 155 ft
17. 1im X Y1+ 15i/n- (15/n) 19, lim D [ = cos —— | —
n—w /2] n—= 21\ 2n 2n 2n
21. The region under the graph of y = tan x from 0 to /4
64 (n+ 1)*2n* + 2n — 1
23. (a) lim — i (b) = (n )(1”2 nol) g2
ne=e N =)

25. sin b, 1

APPENDIX I ANSWERS TO ODD-NUMBERED EXERCISES [

EXERCISES 5.2
. —6
The Riemann sum represents

the sum of the areas of the two
rectangles above the x-axis minus

PAGE 376

A89

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

3. 2.322986 y
The Riemann sum represents the sum 6+
of the areas of the three rectangles 5+
above the x-axis minus the area of the 4+
rectangle below the x-axis. 3+

X

5. (a) 4
11. 0.3084
I5.

b 6 () 10 7. —475, -85
13. 0.30843908, 0.30981629, 0.31015563

n R The values of R, appear to be

approaching 2.

5 1.933766
10 1.983524
50 1.999342

100 1.999836

~

CfexIn(l + xM)dx 19 P20 + x2dx 21 42
: 2 + 4i/n 4

23.¢  25.375 29 limY—— " .
: m X T @ iy

oo
n i=1

= |

n 5 : 2
31. lim D, <sinm> T_=z
n— 2| n n 5

33.(a)4 ()10 () -3 ()2 35 —
37.3+ 37 39.25 4.0 43.3 45 ¢°—¢°

471. ° f(x)dx  49. 122
51. 2m = lfozf(x) dx < 2M by Comparison Property 8

. @/
55.3&)14\/}de6 57.%Sf/;tanxdxs%\/§

59. 0 < J.: xe tdx < 2/e 69. [ox‘dx Tl 3

EXERCISES 5.3 = PAGE 387

I. One process undoes what the other one does. See the
Fundamental Theorem of Calculus, page 387.

3. (a) 0,2,5,7,3 @@
(b) (0,3)
) x=3 g
1
0 1 X

9. 124.1644
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5. y (a), (b) x?

0 1 x t

7. 9(x) = 1/(x*+ 1)
9. g'(y) = y*siny

Il. F'(x) = —y/1 + secx

tan(1
13. h'(x) = _%z(/x) 15. y = {/tan x + y/tan x sec’x
X
17 — M 19 3 21 63
TR -3 o '

23.2 257 21, 2.2 311 33. %
35. In3 37. 7 39. e — 1 41. 0

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

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

47. % 49.2

51. 375 »

—2(4x*—1)  3(9x2—1)

A T o’ + 1

55. y' = 3x"?sin(x?) — sin vx 57. /257 59. 29
23x

6l. (a) —2+/n, 4n — 2, nan integer > 0

®) 0,1), (=v4n — 1, —/4n — 3), and (4n — 1, /4n + 1),

n aninteger > 0  (c) 0.74

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

loc. min. at 3 and 7

(b) x=9 ; :
© (5.2). (4.6).(8.9) 0 \/ ;
(d) See graph at right. 1

65.1 73 f()=xa=9
75. (b) Average expenditure over [0, ¢]; minimize average
expenditure

EXERCISES 5.4 = PAGE 397

5.5 —(1/0)+C T —pxt+ x> —2x+ C
9.20 =2+ 300 — it +C Mg —4x + C
13. —cosx + coshx + C 15. 562 + cscf + C
17. tana + C

19. sinx + x>+ C 10 5

—-10 + 10
| |

-6
21. 18 23. =2 + 1/e 25. 52

27. 2 29. -2 31, 2 33 2,5 358

37. 1 + w/4 39.%2°  41. w/6  43. =35

45. 0,132,084  47. 3

49. The increase in the child’s weight (in pounds) between the
ages of 5 and 10

51. Number of gallons of oil leaked in the first 2 hours

53. Increase in revenue when production is increased from
1000 to 5000 units

55. Newton-meters (or joules) 57. (a) —%m (b) %'m
59. (a) v(t) =3 + 4t +5m/s  (b) 4163 m

6l. 462kg  63. 1.4mi  65. $58,000

67. (b) At most 40%; -

EXERCISES 5.5 PAGE 406

I —e+C  3.3x*+1)+C 5 —icos'o+C
7. —icos(x?) + C 9. s3x—2*+C

I 52x +x3)¥+C 13 —3In|5—3x|+ C

15. —(1/m) cos wt + C 17. 2\/3ax + bx® + C

19. {nx)* + C 21 2sin/r+C  23.3sin0+ C
5. 5(1+e)”+C 2151+ +C 29 ¢+ C
31. —1/(sinx) + C  33. —3(cotx)? + C

35. —In(1 + cos’x) + C  37. InJsinx| + C

39. ysec’x + C 4l In|sin"'x| + C

43. tan"'x + s In(1 + x%) + C

45. S(x + 2" = S(x + ¥ + C

47. :(x* - D)*+ C 49. 1sin*x + C

1 0.35
F F
-2 2 0 T
s f
-1 —0.35

5.0 53 554
5.0 59.¢— e 6.3  63.;(2y2 - 1)d’

65. 1% 67.2 69.In(e+1) TI. 3 -1
73. 67 75. All three areas are equal. 77. =4512L
27t

5
79. — |1 —cos— | L 8l. 5 87. w/4
47 5

CHAPTER 5 REVIEW = PAGE 409

True-False Quiz

I. True 3. True 5. False 7. True 9. True
I1. False 13. False I15. False



Exercises
I. (a) 8
5

=
()
=

3.1+ /4 5.3
9. 37
19. §sinl  21. 0

25. /x> +4x+ C

29. 2¢V* + C
33. ;In(1 +x*) + C

39. 24/1 +sinx + C

45. g'(x) = 4x3cos(x®)

49. 4 < [{Jx> +3dx < 4.3

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

Jan. 1, 2008

59. 72,400 61. 3

9
I 5 13

(b) 5.7

1. fisc, f'isb, [ f( dtisa

—76 I5. 2 17. Does not exist
23. —(1/x) = 2In|x| +x+ C
27. [1/Qm)] sin*mt + C

31. —3[In(cos x)]* + C

35. In|1 +secO| + C 37. %

41. 2 M. F'(0) =x¥Y1 +xY)
47. y' = (2¢* — ¢¥)/(2x)

55. 0.280981

63. c = 1.62

65. f(x) = (1 +2x)/(1 — e ™) 71. 2

PROBLEMS PLUS PAGE 413

I.7/2 3. f=:ix 5 -1 Te2 9.[-12]
I (@) 3(0 — Dn (b) 3[p]2b — [b] — 1) — 5[al(2a — [a] — 1)
17. 2(vV2 - 1)

CHAPTER 6

EXERCISES 6.1 PAGE 420

L2 3.e—(fe)+%2 5195 7.& 9.In2-1
.3 1372 152-2In2 1.3 19. %

21.8 0 23,0 2. 7 —2%  27.In2  29. 65

31. 23 -1 33.0.6407  35.0,090;0.04  37. 838
39. 12,6 —9 41 1173t 43. 4232 cm?

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

47. 2/3  49. 47 51 *6

83.0<m<Il,m—Inm-—1

EXERCISES 6.2 = PAGE 430
1. 197/12 . 1
y:2 E.X
1
x=1
x=2
0 1 y=0 5 X 0 x

3. /2

5. 1627

7. 47/21

9. 64m/15

1. 7/6

13. 277(%77 -

APPENDIX I ANSWERS TO ODD-NUMBERED EXERCISES

y
y=9
(6,9)
x=0
,v=2\/)7
0 X
y
L1
y=x
y=ux
0 X 0
y y
P=x
4 N 4,2)
x=2y
0 X 0
y
\
‘.
= Ay vl
Y=NE ALY I
|
|
y=x
0
X X
V3)

=
Il
= w
I
— w3
+ w
- =
(]
(e}
=




A92 ||

I5. 167/15 y

}XZI }x=1
x=y’ T
|
J 1
0 " X 0 i X
| |
| |
‘(1,71) |
| |
17. 297/30
[ Y
|
B 0 )
x=-1,
19. #/7 2. w/10  23. w/2  25. 7w/15
27. 57/14  29. 137/30 31 7 [7*(1 — tan’x)* dx

33. 7 |7 [17 — (1 — sinx)*]dx

35. w35 57— (VT + 52+ 2)]dy

37. —1.288,0.884;23.780 39. §

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

0 < x < 71/2 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. 1110 cm®  47. (a) 196  (b) 838  49. 17r’h

51, wh*(r —3h)  53. 2%  55. 10cm®  57. 24
59.1 6l &

63. (a) 87R ‘Or Jr2—y2dy (b) 27r°R

65. (b) m’h  61. ar®  69. 8 [ R* — y2\/r2 —y2dy
EXERCISES 6.3 PAGE 436

I. Circumference = 27x, height = x(x — 1)% #/15

—_

APPENDIX | ANSWERS TO ODD-NUMBERED EXERCISES

5. w(1 — 1/e)

\

AR

|
Ly
10 1 il x
| Iy
\ [ 1y
N

G NI

1. 7687/7 13. 167/3 I5. 77/15
19. 5/14 21 [?27@xInxdx

23. |} 27(x + 1)[sin(mx/2) — x*]dx

25. [727(4 — y)y/sinydy  27. 3.68
29. Solid obtained by rotating the region 0 < y < x*, 0 <x <3
about the y-axis

17. 87/3

31. Solid obtained by rotating the region bounded by
)x=1—-y3,x=0andy=0,0r({i)x=y4x=1,andy =0
about the line y = 3

33013 35 57 37. 8w 39. 2m(12 — 41n4)
41. 5w 43 jm 45 yarth

EXERCISES 6.4 PAGE 441

1.588]  3.9ftlb 5 180) 7. Dftlb

9. (a) 2~ 104] (b) 108cm  Il. W, = 3W,

13. (a) 625 ft-lb  (b) “Pflb 15, 650,000 ft-Ib

17. 3857J  19.2450)  21. =1.06 X 10°]J

1 1
23. =~1.04 X 10° ft-Ib 25. 20m 29. Gm1m2< - b>
a



EXERCISES 6.5 PAGE 445
LY 32 st -e®)  1.2/5m
9. a1 (24 (© v

41 (5.4)

y=(x—3)
2 4
Nl 2.1 (4.1)
0 2 3 4 5

1. @) 4/ (b) ~1.24,2.81

(©) 3
f
4
Ytz
0 ‘ ] ‘ Cz‘ Tr
I5. 382 17. (50 + 28/7)°F = 59°F  19. 6 kg/m
21. 5/(47) =~ 04L
CHAPTER 6 REVIEW PAGE 446
Exercises
LY 3% s i+4/m  1.64w/15 9. 16567/5

1. 37 (2ah + h?)?
I5. (a) 2w/15 (b) 7/6
17. (a) 0.38  (b) 0.87
19. Solid obtained by rotating the region 0 < y < cos x,
0 < x < 71/2 about the y-axis

(c) 87/15

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 31. f(x)
PROBLEMS PLUS PAGE 448

@ f)=3t" () fx) =2x/m 3.5

5. (b) 0.2261 (c) 0.6736 m

(d) (1) 1/(1057) = 0.003 in/s (i) 3707/3 s = 6.5 min
32 2

9. y=3x
1. @ V= [ alf0Pdy () f(y) = VkA/(wC)y"*

Advantage: the markings on the container are equally spaced.

13. J‘ff/% 27 (/2 — x)(cos’x — 1) dx

13. b =2a I5. B=16A
CHAPTER 7
EXERCISES 7.1 PAGE 457

I ix*Inx —sx>+ C 3. fxsin5x + 5 cos5x + C

5. 2(r —2)e"?* + C

APPENDIX I ANSWERS TO ODD-NUMBERED EXERCISES

1 2 2
7. ——x* cos mx + —5 x sin wx + —5 cos wx + C
w ™ ’

9. 12x+ DIn@x+ 1) —x+ C
1. 7 arctan 4t — £ In(1 + 16¢%) + C
13. 57 tan 27 — § In|sec 27| + C

I5. x(Inx)> — 2xInx + 2x + C

17. 5e?(2sin 36 — 3 cos 36) + C
19. w/3 211 - 1/e
27. i(m + 6 — 3/3)
3. Zn2l - Em2 + &

33. 2/xsinyx + 2cosyx + C 35 —1— m/4
37. 3> = DIn(1 +x) — 2> +ix+ 2+ C

39. 2x + De* + C 7

1

—35¢ /] ] 1.5

41. %xz(l + x2)3/2 _ %(1 4 xz)s/z +C

//

2

—4

43. (b) —tcosxsin®x +2x — Zsin2x + C
45. (b) 3, 15
53. 2 — D2

59. 27re
65. 2

55. 1.0475,2.8731; 2.1828
6l. 2In3 — %

EXERCISES 7.2 = PAGE 465

11

1 5, 1 3 _ AL
l. 5cos’x —3cosx + C 3. —3:

1 2 1
5. — sin’*(mx) — — sin’(mx) + — sin’(7x) + C
37 S T

23.2—1m2 255 —3
29. sinx(Insinx — 1) + C

3 -2

51. x(Inx)® — 3x(Inx)> + 6xInx — 6x + C
57. 4 - 8/m
63. 2 — ¢ (?+2t+2)m

7. w/4 9. 37/8 1136 +2sinf +isin20 + C
13. 7/16  15. 2+/sin a (45 — 18 sin’a + 15sin*a) + C

17. 5cos® — In |cos x| + C
21 Jtan’x + € 23. tanx —x + C

25. itan’t + 3tan’s + tant + C 27. 7
29. 3sec’x —secx + C

31. jsec’y — tan’x + In|sec x| + C
33. ftanf + 5 tan*6 + C

35. xsecx — In|secx + tanx| + C
39. Jescla — tescla + €
43. —;cos3x — %cos 13x + C
47. isin2x + C 49, tan’(s%) + C

37. f—%w
41. In|cscx — cotx| + C
45. +sin40 — 5sin60 + C

A93

19. In|sinx| + 2sinx + C
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51. ix? — isin(x?) cos(x?) + C 53, tsin3x — 15sin9x + C , x—2 3y — 8
37. /2 tan™! 5 +C
™ I V2 4(x* — 4x + 6)
f +1 -1
d P 39,1 | LT
. B . , e+ 1+1
t 4.2+ W% M3 G+ )Y -+ )P+ C
45. 2\x + 3Yx + 6Yx + 6In|Yx— 1|+ C
—r —1 (ex + 2)2
; 47. n|[——|+C
5.0 57.1 59.0 6l ¥4  63. w(2y2 —2) | e'+ 1
65. s = (1 — cos’wt)/(3w) 49. In|tant + 1| — In|tant + 2| + C
[ 2x—1
EXERCISES 7.3 = PAGE 472 51 (x — 3) In(x? = x +2) — 2x + /7 tan l<ﬁ ) +C
L Vx2—9/(9x) + f: 3.3(x* - 18)Vx2+ 9+ C 53. —3;In3 = —0.55
5. w24 +/3/8 -5 1. =25 —x¥Y(25x) + C R L |2tanGy2) — 1
9. lnl(\/x2]+ 16 +x) +C 1 sin'(20) + 3T =42 + € 5. oI\ =1+ ¢ S sy +2 | T €
2 - — 2
3. gsec™(x/3) — vx? — 9/(2x) + C 6. 4In2+2 63 —1+Y1n2
I5. tma* 17 X2 =7+ C ’ 1 .
: i" (\/ﬁ 1) \/ﬁ 0 65. 1= —In P — 5In(0.9P + 900) + C, where C = 10.23
19. 9n| | +x2— /x|l + 2* x +4C 22" 5007 67, (2101 668 1 0438 1
. 5sin” - 3(x — 2)y/ — . (a - -
23 5sin ((x = 2)/3) +5(x = 23S +dx =22+ C 4879 Sx+2 323 2x+ 1 80155 3x— 7
25. VP t+x+ 1 —shn(Vx>+x+1+x+3)+C L 22008 + 48.935
1 1 s X s
27. 5(x + DVx2 + 2x —shn|x+ 1+ x2+2x |+ C 260015 x5
29. %Sil’lil(xz) + %sz + C ,4822 334 3146
33. 538 —sec'7) 37 081,2,210 (b) Jemg InlSx+ 2] = o2 dn|2x + 1| = 2rmeeIn| 3x = 7| +
41. r/R*> — r* + wr*/2 — R? arcsin(r/R) 43. 27’Rr? 11,049 NG 4 x4 9) 4 75772 - v+ 1 e
— .- In(x X an
EXERCISES 7.4 = PAGE 48| 260,015 260015719 V19
The CAS omits the absolute value signs and the constant of
A B A B C . )
. (a) —— + (b) — + +— Integration.
x+3 3x+1 x  x+1 (x+1)
Ay B C Dt E EXERCISES 7.5 = PAGE 488
S S I. sinx + Lsin’x + C
N B C D . sinx + 3sin’x
(b) +3—1— +32+ _3+ —3y 3. sinx + In|cscx — cotx| + C
* (x+3)° (x=3) 5.4—In9 7.7 -
9.

Em3 -2 Il iln(x®>—4x+5) +tan'(x —2) + C
13. § cos’d — L cos’0 + C (or §sin*6 — 1sin®0 + & sin@ + C)

A B Cx +D

5 (a) 1 + + 3
x—1 x+ 1 x°+ 1

At + B Ct+ D Et+ F

O T T ey ey 5. x/y1 —x*+C
7. x + 6Injx — 6|+ C 17. ix* — Ixsinx cosx + Lsin’x + C
9. 2In|x+5|-Injx—2|+C 1. 21n? (or $x> — Sxsin2x — §cos 2x + C)
13.alnfx—b[+C 15 ¢+ I} 19. ¢+ C 21 (x + Darctan Vx — Vx + C
17. $In2 —$In3(orsin3) 23. %7 25 3x+ ZIn|x—4| —iln|x+2|+C
9. _%ln‘)ﬁshé i5+?161“|x_1|+c 7. x—In(l+e)+C 2915+ 72
X 3. sin"'x — /1 —x2+ C
21 3x% — 2In(x* + 4) + 2 tan"'(x/2) + C [x+1 c+1
. mn_ [ — — 2
23. 2In|x| + (1/x) +3In|x + 2| + C 33. 25in LTI SR A S
25. In|x — 1| — 2In(x? + 9) — Ltan'(x/3) + C 35. 0 37.w/8—3 39 In|secd— 1| —In|secd| + C
_lpg2 2 x\3/2
27. In(x + 1) + (1/v2) tan '(x/y2) + € RTINS b
C AR De +
+1 ’ . . .
29.§1n(x2+2x+5)+itan-'<x2>+c 47. In|x— 1] -3 -1 =5x - D=5 -1+ C
1 2x + 1 Vadx + 1 -1 Vaxr+1+1
1 1 2 -1
nfx— 1] =i+ x4 1) — —=tan T+ 49.mY——— | +c sl -m|Y——"—|+C
31 3ln|x 1| Gln(x X 1) ﬁtan \/g C n \/m+1 n x
1 1 2 2
33. iInd 35. gln x| — (x> +4) + ——5—=+C 53. —x? cosh(mx) — —x sinh(mx) + — cosh(mx) + C
8(x* + 4) m m m



55. 2Inx — 2In(1 + Vx) + C
57. 2(x + o) = 3ex + )P + C

59. sin(sinx) — 3sin’(sinx) + C 61 2(x — 2y/x + 2)eV* + C
63. —tan"'(cos’x) + C  65. 3[(x + 1)? —x¥* ]+ C
67. V2 —2//3 + (2 +3) —In(1 + 2)

69. ¢ —In(1 + ¢%) + C

71. —/1 — x? + i(arcsinx)> + C
73. 5In|x — 2| — s In(x> + 4) — gtan '(x/2) + C
V1te +1
75. 2(x —2)J/1 +e* +2In—F/—————+ C
(=2l te "Tte —1
77. 3tan'(x¥?) + C
79. lxsin’x + Lcosx — lcos’x + C 8l xe® + C

EXERCISES 7.6 = PAGE 493

1. (—1/x)y7 — 2x2 — /2 sin"(y2x//7) + C

1 1
3. — sec(mx) tan(mx) + — In |sec(mx) + tan(mx)| + C
21 21T
1 1
5. w/4 7. — tan’*(wx) + — In|cos(mx)| + C
27 T

9. —\V4x2+9/90) +C Il e—2
13. —3tan’(1/2z) — In|cos(1/z)| + C
I5. 3(¢* + 1) arctan(e®) — e* + C
Dol ey a4 ;sin"(zyﬁl>
— L6+ 4y — 4y + C
§sin’x [31In(sinx) — 1] + C

1 e’ + ﬁ
ﬁln 76)5_ ﬁ
jtan xsec’x + 3 tanxsec x + ; In|secx + tanx| + C
5(Inx)v/4 + (Inx)? + 21n[lnx + \/m] +C
Ve — 1 —cosl(e) + C
shn|x®+ Jx0 =2+ C
itanxsec’x + stanx + C
2+ 22+ 4 —2In(Vx2+4 +x)+ C
(1 + 207 —L(1 + 20" + C

—In|cos x| — 5 tan’x + jtan’x + C

1+ 41 —x2
X

17.

19.

21. +C

23.
25.
27.
29.
35.
37.
39.
41.

3. 27

43. —In + C;

(a)

both have domain (—1,0) U (0, 1)
45. F(x) = sIn(x>—x + 1) — s In(x> + x + 1);

max. at —1, min. at 1; [P at —1.7, 0, and 1.7

0.6

APPENDIX | ANSWERS TO ODD-NUMBERED EXERCISES [ A95
47. F(x) = — 5 sin’x cos’x — 3 sin x cos’x + 755 Sin x cos’x
1. 3 30 . 3
+ 128 SIN X COS°X + 356 SIN X COS X + 556X,
max. at 77, min. at 0; IP at 0.7, /2, and 2.5
0.04
f
F
0 ks
EXERCISES 7.7 PAGE 505
l. (a) L2 = 6, Rz = 12, Mz = 96
(b) L, is an underestimate, R, and M, are overestimates.
O Th=9<1 @L,<T,<I<M,<R,
3. (a) T, = 0.895759 (underestimate)
(b) M, = 0.908907 (overestimate)
T, <I<M,
5. (a) 5.932957, E) = —0.063353
(b) 5.869247, Es = 0.000357
7. (a) 2.413790 (b) 2.411453 (c) 2.412232
9. (a) 0.146879  (b) 0.147391  (c) 0.147219
1. (a) 0.451948 (b) 0.451991 (c) 0.451976
13. (a) 4.513618 (b) 4.748256  (c) 4.675111
I15. (a) —0.495333 (b) —0.543321 (c¢) —0.526123
17. (a) 1.064275 (b) 1.067416  (c) 1.074915
19. (a) Ts = 0.902333, M5 = 0.905620
(b) |Er| < 0.0078, | Ex| < 0.0039
(¢) n="171forT,,n =50 for M,
21. (a) Ty = 1.983524, Er = 0.016476;
M,y = 2.008248, E); = —0.008248;
S0 = 2.000110, Es = —0.000110
(b) |Er| < 0.025839, | Ex| < 0.012919, | E5| < 0.000170
(c) n =509 for T,, n = 360 for M,,, n = 22 for §,
23. (a) 2.8 (b) 7.954926518 (c) 0.2894
(d) 7.954926521  (e) The actual error is much smaller.
(f) 109 (g) 7.953789422 (h) 0.0593
(1) The actual error is smaller.  (j) n = 50
Bl R, 7, 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, Eg E; E,,
5 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.
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27.
n T, M, S,
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  (c) 20.53
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.
1

of o5 | 15 4 «x

EXERCISES 7.8 = PAGE 515

Abbreviations: C, convergent; D, divergent

I. (a) Infinite interval  (b) Infinite discontinuity
(c) Infinite discontinuity  (d) Infinite interval
3. 1 — 1/(21%); 0.495, 0.49995, 0.4999995; 0.5

5.5 7.D 9.2 I.D 13.0 15. D
17. D 9.5 21.D 23. 7/9
25. 272D 29.% 3.D 332

1
2

35. D 37. —2/e  39.%mn2-%
e 43. 27/3

41.

7
47. (a)
t jll [(sinx)/x?] dx
2 0.447453
5 0.577101
10 0.621306
100 0.668479
1,000 0.672957
10,000 0.673407

It appears that the integral is convergent.

49.
59.
67.

1
—0.1

C S5.D 53D 557 51.p<L11/(—p)
p>—1,—-1/(p+1? 65 2GM/R
(@

1

) 10

y=F(@)

0 700 '
(in hours)

(b) The rate at which the fraction F(f) increases as f increases

()

69.
71.

1; all bulbs burn out eventually
1000
(a) F(s) = 1/s,s >0 (b) F(s) =1/(s — 1),s > 1

(c) Fis) =1/s%,5>0

77.

C=1In2 79. No

CHAPTER 7 REVIEW = PAGE 518

True-False Quiz

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

Exercises

I.5+10ln% 3. In2 5 2

7. —cos(lnt) + C 9. “In4 — %
I1.
I5.
17.

19.
21.

23.

25.
27.

33.

35.
39.
45.

51.
53.

55.

124
V3—dm o 13032 23k +2)+ C
—sIn|x| +3In|x+ 2|+ C
xsecx — In|secx + tanx| + C
%In(9x2 + 6x + 5) + étan"[%(&c + 1)] +C

Injx -2+ /x2—4x|+C

JIn(x®> + 1) — 3tan"'x + 2 tan"'(x/v/2) + C
290 31.6-3imw
ﬁ - sin“<;> +C
4m+c 37. 3sin2x — gcosdx + C

1

ie—1 4. 4.D
4In4—8  47. - 49. 7/4

(x+ DIn(x®>+ 2x +2) + 2arctan(x + 1) — 2x + C
0

i2x — D)V/ax? —4x — 3 —
In|2x — 1+ 4x>—4x - 3|+ C
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57. 5 sinxy/4 + sin2x + 2In(sinx + /4 + sin’x ) + C 9. 21+ 72+ Q/mIn(m+ V1 + 72) 1. 37
61. No 13. +7(1454/145 — 10,/10) 15, 7d?
63. (a) 1.925444  (b) 1.920915 (c) 1.922470 17. 9.023754  19. 13.527296
65. (a) 0.01348,n =368  (b) 0.00674, n = 260 21 tr[4 (V17 + 4) — 41n(v2 + 1) — V17 + 442 ]
67. 8.6 mi 1
23. i7|In(v/10 + 3) + 34/1
69. (a) 3.8 (b) 1.7867,0.000646 (c) n = 30 3 (’Tr[]n(\/j) 3) % 3\/72]
7.C 1.2 15 in 27. (a) 5ma’  (b) $7y3a
a’h sin”'(ya? — b*/a)
PROBLEMS PLUS = PAGE 521 29. (a) 277[172 Ja? — b2
I. About 1.85 inches from the center 3.0
Zsin (Vb2 — a¥b
7. f(m) = —7m/2 1. (bla=)/-De! (b) 271'|:a2 + \/17(2 o @’/ )]
13. 2 — sin"'(2/4/5) a
31, (" 2alc — f(O)]VT + [f/ (0] dx 33. 47%r?
CHAPTER 8
EXERCISES 8.1 = PAGE 530 EXERCISES 8.3 = PAGE 547
2
I 4 e T e AN s I. (a) 187.51b/f> (b) 18751b  (c) 562.51b
53 stxdy s [T 6T 2y 3.6000lb 5. 67X 10'N 7. 9.8 X 10°N
7. 58282 —-1) 9. 2% .2 9. 12X 10*b 1. 36ah  13. 527 X 10°N
13. In(v2+1) 15 In3 —} I5. (2) 314N (b) 353N
3 4
I7.m—\/§+ln(m—l)—l—ln(ﬁ—l) 17. (a) 5.63><410 Ib (b) 5.06>§10 Ib
o (c) 488 X 10"1b  (d) 3.03 X 10°Ib
19. V2 +In(1 +v2) 215 23. 5115840 19. 25 X 10°N 21 230:2 23 10; 1; (4, 1)
25. 1.569619 | |
27. (a), (b) 3 Li=4, 25. (0,1.6)  27. < et > 29. (5. %
Ly ~ 643, e — 1 4 (20 zo)
=70 3, (TV2T4 1 33. (2,0)
ey B
35. 60; 160; (5, 1) 37. (0.781,1.330)  41. (0,7)
45. $7rh
0 . 4
(©) fg \/1 + [4(3 — x)/(3(4 — x)2/3)]2 dx (d) 7.7988 EXERCISES 8.4 PAGE 553
29. 5 — n(1(1 + \f)) — 2+ (1 +y2) I. $38,000 3. $43,866,933.33 5. $407.25
3l. 6 7. $12,000 9. 3727, $37,753

(1 _ k)(b27k _ a27k)
(2 _ k)(b]—k _ al—k)

1. 3(16y/2 — 8) =~ $9.75 million  13.

15. 1.19 X 10~ cm’/s
17. 6.60 L/min  19. 5.77 L/min

EXERCISES 8.5 = PAGE 560

I. (a) The probability that a randomly chosen tire will have a
33. s(x) = %[(1 + 9x)3/2 - 10@] 35. Zﬁ(v I+x- 1) lifetime between 30,000 and 40,000 miles

37. 209.1m  39.2936in. 4. 124 (b) The probability that a randomly chosen tire will have a
lifetime of at least 25,000 miles

EXERCISES 8.2 = PAGE 537 3. (a) f(x) =0forallxand [*, f(x)dx =1

b 1-32/3=035
. E
(a)J 2mx*y/1 + 16x%dx  (b) o 27xy/1 + 16x%dx 5. () I/ (b) ! ‘
. 1 7. (@ f(x) =0forallxand [* f(x)dx=1 (b) 5

3. (a) fo 2mtan'x T 1. (@) e ¥ =020 (b) 1—e?*5~055 (c) If you

aren’t served within 10 minutes, you get a free hamburger.
. 1 ~
(b)JIZTrx 1+ ————dx 13. ~44%
0 (1 +x7) I5. (a) 0.0668 (b) =~521%

5. (145145 — 1) 1. %7 17. ~0.9545
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19. () O;a0  (c) 1x10° EXERCISES 9.2 = PAGE 578
l. (a) (® y=0,
y =2,
y=—
0 4107
(d) 1 —41e8= 0986 (e) 2ao
CHAPTER 8 REVIEW = PAGE 562
Exercises 3. 10 5 IV
LY 3. @% @3r 53202087 1.2
9. =458 1L (1) 13.(2,%3) 15 27 7. y 9. y
—_— l b) /A Y Y B K T S A B /A B
17. $7166.67 1 P e
(> _ k%(a) NS N NN
19. (a) f(x) =O0forall xand [, f(x)dx =1 XN AR Y
(b) ~0.3455 (c) 5. yes N Y IR
2. @) 1 —e =031 (b) e”*=029 s L A
(c) 8In2 =~ 5.55 min I 75 RN\
T T ETNNNC m NEENANENN
=S (0) AVAVAVAVA VAN & NN NNV
—_— 3 NESRERY 43:\\ RIS

PROBLEMS PLUS = PAGE 564

I 57 =33

w

3. (@ 2mr(r=d) (b) =3.36 X 10°mi’ A SN ;
(d) =7.84 X 10" mi? IR VNN \
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7. (a) It must be either O or decreasing -2
©y=0 @y=1/(x+2)
9. (a) 0 <P <4200 (b) P> 4200 7. —2<c<2-202

(c) P =0, P =4200

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