Answers to
Student Edition

Exercises
Chapter 1 6. (a) and (c)
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Section 1.1 Exercises
1. Ax=-2,Ay= -3 2. Ax=2,Ay = —4
3. Ax=-5Ay=0 4. Ax=0,Ay = —6
5. (a) and (c) () 0
y 8. (a) and (c)

(b) 3

(b) Has no slope (undefined)

9.(a x=2 (b) y=3
10. (@) x= -1 (b) yzg
11. (@) x=0 (b) y=—-V?2

101



102 Section1.1

12.(a) x=—= (b)
13y=1x—-1) +1 14
15.y=2x—-0)+3 16

17.3x— 2y = 0 18
19. x = —2 20
2L.y=3x—2 22
23y = —%x ~3 24,
5.y = gx 26.
27. (a) —% (b)

(0 \

[—10, 10] by [—10, 10]
28.(a) —1 (b)

(© \

[—10, 10] by [—10, 10]

29. (a) —% (b)

(© \\

[—10, 10] by [— 10, 10]
30. (a) 2 (b)

(©
/

[—10, 10] by [10, 10]

3l. (@ y=—x (b)
2@ y=-%-2 (b
33.(a) x= -2 (b)
3@ y=7 (b)
3B m='b=-3 36
2 2
37.y=-1 38

39. (a) y = 0.680x + 9.013

y=20
y=—1x+ 1 +1
y=-2x+4)+0
y=1
X+ Ay = -2
Yy=-—Xx+2

w

5
3

X+ 3

I
AN X

y
y
y
X

-1

3 b=2
2

. m
.X=—6

(b) Theslopeis0.68. It represents the
approximate average weight gain in pounds

per month.

[15, 45] by [15, 45]

©

39. continued
(d) 29 pounds
40. (a) y = 1,060.4233x — 2,077,548.669
(b) Thedopeis1,060.4233. It represents the
approximate increase in earnings in dollars per
year.

(©

[1975, 1995] by [20,000, 35,000]

(d) Approximately $43,298
41.y=1x—3) + 4
y=x—3+4
y = X + 1, which is the same equation.
42. () Wheny=0,x=c,whenx =0,y =d.
(b) The x-intercept is 2c and the y-intercept is 2d.
43. (@) k=2 (b) k= -2
44. (a) —3.75 degrees/inch(b) —16.1 degrees/inch
() —7.1degreedlinch
(d) Best: fiberglass; poorest: gypsum wallboard
The best insulator will have the largest
temperature change per inch, because that will
alow larger temperature differences on
opposite sides of thinner layers.
45, 5.97 atmospheres (k = 0.0994)
46. (a) d(t) = 45t
(b)

[0, 6] by [—50, 300]
(c) Slopeis 45, which isthe speed in miles per
hour.
(d) Suppose the car has been traveling 45 mph for
several hours when it isfirst observed at point

Pattimet=0.
(e) Thecar startsat timet = 0 at apoint 30 miles
past P.

47. (a) y = 5632x — 11,080,280
(b) Therate at which the median priceis
increasing in dollars per year
() y=2732x — 5,362,360
(d) Inthe Northeast
48. (a) Yes, —40 degrees

(b)
M

—

[—90, 90] by [—60, 60]

It's related because all three lines pass through
the point (—40, —40) where the Fahrenheit
and Celsius temperatures are the same.



49. The coordinates of the three missing vertices are
(5,2),(-1,4) and (-1, —2).
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50. Suppose that the vertices of the original
quadrilateral are (a, b), (c, d), (g, f), and (g, h).
When the midpoints are connected, the pairs of
opposite sides of the resulting figure have slopes
f=b or u, and opposite sides are paralel.
e—a g-—-c

SlLy= —%(x—3)+4ory= —%eré

4

52. (a) y=%(x—a)+b

(b) The coordinates are
(B2a + AC — ABb A% + BC — ABa)

A2+B2 T A?+ B2
_ /Aa + Bb — (|
¢) Distance= "~ ——
© VA2 + B2

Functions and Graphs
(pp- 9-19)

Quick Review 1.2

1. [-2, =) 2. (=%,0) U (2,)
3.[-1,7] 4. (=0, =3 U [7, )
5. (—4, 4) 6.[—3, 3]
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7. Trandate the graph of f 2 units left and 3 units

downward.
8. Trangdlate the graph of f 5 units right and 2 units
upward.
9.(a) x=-3,3 (b) Norea solution
10. (@) x = —% (b) No solution
11. () x=9 (b) x= -6
12. (a) x=—7 (b) x=28
Section 1.2 Exercises
2
1.A="" 2 h— V3
4 2
3.S= 62 4.V = 2ar
5. (@) Allreas (b) (—o», 4]
(©
il N

/1N

[—5, 5] by [-10, 10]

(d) Symmetric about y-axis
6. (@) All reds (b) [—9, »)

AT/
%

[-5,5] by [-10, 10]
(d) Symmetric about y-axis

7. Ea)) [1, ) (b) [2, )
C

o

[—3,10] by [-3, 10]
(d) None
8.(a) (=, 0]

(©
//

[—10,3] by [-4,2]
(d) None
9.(a) (=,3]

© F=—]

(b) (==, 0]

(b) [0, )

.

[—4.7,4.7] by [-6, 6]
(d) None

10. (@) (—%,2) U (2,%) (b) (—2,0) U (0, )
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10. continued

(© L
w

[—4.7,47] by [-6, 6]

(d) None
11. (@) All reds (b) All reds

(©
J/_,-'-""
L

[—6,6] by [-3, 3]
(d) None
12. (a) All reals (b) (=, 1]
(©)

I

T

AN

[-6,6] by [-3,3

(d) Symmetric about y-axis
13. () (—, 0] (b) [0, =)

(0
_\_\

[-10,3] by [-1,2]
(d) None

14.(8) (—,0) U (0,%) (b) (—%,1) U (1,)

O [ —
)

[-4,4] by [-4,4]

(d) None
15. (@) [-2 2] (b) [0, 2]

©
N

[—4.7,47] by [-3.1,31]]

(d) Symmetric about y-axis
16. (a) All reals (b) [0, )

(©
™

(d) Symmetric about y-axis

17. (@) (=, 0) U (0,%) (b) (1, )

.

(d) Symmetric about y-axis
18. (@) [0, ) (b) [0, )

(0

(d) None
19. Even 20. Neither
21. Neither 22. Even
23. Even 24. Odd
25. Odd 26. Neither
27. Neither 28. Even
29. (@)

[—9.4,9.4] by [-6.2,6.2]
(b) All redls ©) (—,2]

30. (@) \
N

[-10, 5] by [—5, 10]
(b) All redls © [-3, )

31. (a) \ /

[-4.7,47 by [—1, 6]
(b) All reds © [2 »)

32. (a)
Yl

[~4,4] by [-2,3]
(b) All redls © [0, )

33. (@
A

/

[-3.7,5.7 by [—4, 9]
(b) All reals (c) All reds




AN

[—2.35,2.35] by [—1, 3]
(b) All reals (©) [0, )

35. Because if the vertical line test holds, then for each
x-coordinate, thereis at most one y-coordinate
giving a point on the curve. This y-coordinate
would correspond to the value assigned to the
x-coordinate. Since there's only one y-coordinate,

the assignment would be unique.

36. If the curveisnot y = 0, there must be a point
(%, y) on the curve wherey # 0. That would mean
that (x, y) and (x, —y) are two different points on
the curve and it is not the graph of afunction since

it fails the vertical line test.

37. No 38. Yes
39. Yes 40. No
X, O0=x=1
41. f(x) =
2 —X, 1<x=2
2, 0=x<1
42.§(x) = 21 %32%
d 3=x=4
43.1(%) 2—X, 0<x=2
X:
§7§ 2<x=5
3 3
-3x—-3, —-1<x=0
44, f(X) =
2X + 3, o<x=2
.
—X, -1=x<0
45. f(x) =41, 0<x=1
3_x 1<x<3
\2 2
(X -2=x=0
2
46. f(x) = {2x + 2, 0<x=1
-1, 1<x=3
\
0, Osxsg
47. f(X) =
) EX—L I<xsT
T 2
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A!

49. (a)
(c)
(e)
50. (a)
(c)
(e)
51. (a)

(b)
52. (a)

(b)

A, T§x<7
—A, 3—2Tsx52T

X2 + 2 (b) x2+ 10x + 22
2 (d) 22

—2 (f) x+ 10

X (b) x

0 (d) 0

—4 (f) x+ 2

[—10, 70] by [—10, 3]
Domain: [0, «); Range: [—7, %)
Forgof:

/"

[—3,20] by [~ 4, 4]
Domain: [7, «); Range: [0, «)

(Fog)®) = VX — 7, (@of)x) = Vx — 7

Forfeog:

[~6,6] by [-4,4]
Domain: [0, «); Range: (—<, 1]
Forgef:

1N

[-2.35,2.35] by [-1, 2.1]

Domain: [—1, 1]; Range: [0, 1]
(fog))=1—(VX2=1—-xx=0
(9N =V1-x
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53.(a) Forfeg:

[—10, 10] by [—10, 10]

Domain: [ -2, «); Range: [ —3, )

Forgef:

AN

/

[—4.7,47] by [-2,4]

Domain: (—, —1] U [1, ); Range: [0, =)

(b) (fe@(¥=(Vx+2)?2-3
=x—1,x=-2

@°H =Vx* -1

54. (a) Forfoq:

/

[—9.4,9.4] by [-6.2,6.2]
Domain: (—, 2) U (2, »);
Range: (—x, 2) U (2, »)

Forgef:

i

[—9.4,9.4] by [-6.2,6.2]

Domain: (—%, —3) U (—3, »)

Range: (—», —3) U (—3, «)
(b) (feg)(x) =x x#2
(gof)X) =x,x# —3

55. Domain: (—«, —2) U (2, «); Range: (0, )
56. Domain: (—3, 3); Range: [— o0
V3

57. Domain: (—«, —3) U (=3, 3) U (3, »)

Range: (—«, 0) U [

58. Domain: (—o, —1) U (=1, 1) U (1, )

2

3 l

2

vgm)

Range: (—», —1] U (0, «)

)

59. (a) y

(b) y

60. (a) y

(b) y




61. continued
(b) y
\ 13}
1 » o 1 X
2 - 1\
13}
62. (a) y
13
= o 5 X
_1.3_
(b) y
1.3 b
> 0 5 X
13
63. () g(x) = x2 (b) o) = L

x—1
(© 09 =% (d) f(9 =
(Note that the domain of the compositeis

[0, ©0)).
64. (a) y = 27.1094x2 651044

(b)

[0, 30] by [—20,000, 180,000]
(c) Approximately $223,374
(d) Approximately $200,064
65. (a) Because the circumference of the original
circle was 87 and a piece of length x was

removed.
by r=8T—X_4_X
21 27
() h=V16— r2 = Y1bmx—x
2w
_1 o _ (87 —%?V16mx — X2
(d) V=2mrh a2

67. (@)
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66. (3) C(x) = 18018002 + x2 + 100(10,560 — X)

(b) C(0) = $1,200,000
C(500) =~ $1,175,812
C(1000) = $1,186,512
C(1500) = $1,212,000
C(2000) = $1,243,732
C(2500) =~ $1,278,479
C(3000) =~ $1,314,870
Values beyond thisare all larger. It would
appear that the least expensive location is less
than 2000 feet from point P.

[-3,3by[-1,3]
(b) Domainof y,: [0, =)
Domain of y,: (—c°, 1]
Domain of y.: [0, 1]
(c) Theresultsfory, —y,,y, —y,, andy, -y, are
the same asfor y, + y, above.

Domain of ﬁ: [0, 1)
2

Domain of &: 0, 1]

(d) Thedomain %)f asum, difference, or product of
two functionsis the intersection of their
domains.

The domain of a quotient of two functionsis
the intersection of their domains with any
zeros of the denominator removed.

68. (a) Yes. Since

(f+ (=) =1(—x) - 9(—x)
=13 - 9(x)
= (f- 9,
the function (f - g) will also be even.
(b) The product will be even, since
(f+ (=) =f(=x) - 9(—x)
= (=f(x) - (=9())
=13 - 9(x)
= (f- 9.

Exponential Functions
(pp- 20-26)

Quick Review 1.3

1. 2924 2.4.729

3.0.192 4. 25713

5. 1.8882 6. +1.0383

7. $630.58 8. $1201.16
~18,-5_ _1 21,6 _ &

9. x 18y wCY: 10. a?b~1c F
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Section 1.3 Exercises

1
3.
5.
7.

10.

11.
13.
15.
17.

19.

@ 2. (d)
(e 4. (0
(b) 6. (f)

Domain: All reals
Range: (—», 3)

x-intercept: =~ 1.585
y-intercept: 2

%

[—4,4] by [-2,10]
Domain: All reals
Range: (3, )
x-intercept: None
y-intercept: 4

[—4, 4] by [-4, 8]
Domain: All reals
Range: (—2, «)
x-intercept: = 0.405
y-intercept: 1

~

[-4,4] by [-8,4]
Domain: All reals
Range: (—», —1)
x-intercept: None

y-intercept: —2
34)( 12. 212)(
276 14. 3=
X = 2.3219 16. x = 1.3863
x ~ —0.6309
X y Ay
1 -1
2 1 ;
3 3 >
4 5

18. x = —1.5850

20. X y Ay
1 1
2 -2 :g
3 -5 3
4 -8
21. X y Ay
1 1
2 4 3
3 9 7
4 16
22. X y Ay
1 8.155 2718
2 22167
2.718
3  60.257 5718
4 163.794

23. After 19 years
24. (a) 1915: 12,315
1940: 24,265
(b) 1967 [76.651 years after 1890]

25, (a) At) = 6.6(%)”14

(b) About 38.1145 days later

26. =10.129 years 27. =11.433 years

28. =11.119 years 29. =11.090 years

30. =19.650 years 31. =19.108 years

32. ~19.106 years 33. 248 ~ 2,815 x 10™

34. (a) =10.319years (b) ~41.275years

35. Since Ax = 1, the corresponding value of Ay is
equal to the slope of the line. If the changesin x
are constant for alinear function, then the
corresponding changesin y are constant as well.

36. (a) 100 (b) 6394

(c) After about 1 hour, which is the doubling time

37. (a) Regression equation:
P(x) = 6.033(1.030)*, wherex = 0
represents 1900

[0, 100] by [—10, 90]

(b) Approximately 6.03 million, which is not very

close to the actual population
() Theannua rate of growth is approximately
3%.
38. (a) Regression equation:
P(x) = 4.831(1.019)*

-

[0, 100] by [-5, 30]
(b) 26.3 million




38. continued
(c) Theannual rate of growth is approximately
1.9%.
39. 7609.7 million
40. (a)

[-5,5] by [—2, 10]

In thiswindow, it appears they cross twice,
athough athird crossing off-screen appears
likely.

(b)  x |changein Y1| changein Y2
1
3 2
2
5 4
3
7 8
4

(© x=—0.7667,x=2,x=4
(d) (—0.7667,2) U (4, »)
41.a=3 k=15 42.a=05k=3

Parametric Equations
(pp- 26-31)

Quick Review 1.4

5 29
lLy= §x+? 2.y=—4
3 x=2
4. x-intercepts: x = —3andx = 3
y-intercepts:y = —4andy = 4
5. x-intercepts: x = —4andx = 4
y-intercepts: None

6. x-intercept: x = —1

y-intercepts. y = — % andy = %
7.(a) Yes (b) No
(c) Yes
8. (@) Yes (b) Yes
(¢) No
9. t="20—" () t="2
10. (a) a=0 (b) All reds
(c) All reals

Section 1.4 Exercises

1. Graph (c).
Window: [—4,4] by [-3,3],0=t= 27

7. (a)
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. Graph (a).

Window: [—-2,2] by [-2,2],0=t =27

. Graph (d).

Window: [—10, 10] by [-10, 10], 0=t = 27

. Graph (b).

Window: [—15, 15] by [—15, 15], 0=t < 27

. (&) Theresulting graph appears to be the right half

of ahyperbolain the first and fourth
quadrants. The parameter a determines the
x-intercept. The parameter b determines the
shape of the hyperbola. If b issmaller, the
graph has less steep slopes and appears
“sharper.” If b islarger, the slopes are steeper
and the graph appears more “blunt.”

(b) This appearsto be the left half of the same
hyperbola.

(c) Becausebothsectandtant are
discontinuous at these points. This might
cause the grapher to include extraneous lines
(thezawmptzotes to the hyperbola) in its graph.

() (g () = (s~ a2 = 1
by a standard trigonometric identity.

(e) This changes the orientation of the hyperbola.
In this case, b determines the y-intercept of the
hyperbola, and a determines the shape.

The parameter interval —%, %) givesthe
upper half of the hyperbola. The parameter

interval (77 3m

=, —) gives the lower half.
2 2

The same values of t cause discontinuities and
may add extraneous lines to the graph.

6. (@) h determines the x-coordinate of the center of

the circle. It causes a horizontal shift of the
graph.

(b) k determines the y-coordinate of the center of
the circle. It causes a vertical shift of the
graph.

(c) x=5cost+2,y=5snt—3,0=t=27w

(d) x=5cost—3,y=2snt+4,0=t=<27w

R

[-33by[-2 2]
Initial point: (1, 0)
Terminal point: (—1, 0)
(b) x2+ y2 = 1; upper half (ory = V1 — xZ al)
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8. (a)

TR
N

Initial and terminal point: (0, 1)
(b) x2+y2=1;4dl

9. (a)
AR

[-3,3by[-22]
Initial point: (1, 0)
Terminal point: (0, 1)
(b) X2+ y2 = 1; upper haf (ory = V1 — xZ all)

10. (a) /{_
S

[-47,47 by [-31,31]
Initial and terminal point: (4, 0)

(b) (2)2 + (%)2 = 1l
11. (a)

\/

\[/

[-4.7,47) by [-3.1,3.]
Initial point: (0, 2)
Terminal point: (0, —2)

2 2
® (5 +(3) =t
right half (or x = 2V 4 — y?; al)

AN
L

Initial and terminal point: (0, 5)

(b) (g)z + (%)2 = 1; 4l

13. (a) \\ /

Noinitial or termina point
(b) y=x2all

12. (a)

14. (a) \

[-3,3 by [-1,3]
Initial point: (0, 0)
Terminal point: None
(b) y = x2 |eft half (or x = —Vy; al)

15. (a) ///

[-1,5]by[-1,3]
Initial point: (0, 0)
Terminal point: None
(b) y = Vx all (or x = y2 upper half)
16. (a)

\

Noinitial or terminal point
(b) x =y al

17. (@) \
//
(3,3 by [-2 2]
No initial or terminal point
(b) x2 —y2 = 1; left branch (or x = —Vy2 + 1;
all)

18. (a)

/N
Noinitial or terminal point

2
(b) (%) %2 = 1 lower branch

(ory=—-2Vx2+ 1;dl)

/

Noinitial or terminal point
(b) y=2x+ 3; dl

19. (a)




20. (a)

N

Noinitial or terminal point
(b) y=—x+2;dl

21. (@)
RN

[=3.3] by [-2 2]
Initial point: (0, 1)
Terminal point: (1, 0)
(b) y=—x+1,(0,1) to (1, 0)

22. (a)
N

[—2, 4 by [~1,3]
Initial point: (3, 0)
Terminal point: (O, 2)

(b) y = —%x +2:(3,0)10 (0, 2)

23. (@)
\

[—6, 6] by [-2, 6]
Initial point: (4, 0)
Terminal point: None
(b)) y=—x+4x=4

24. (a)
\\

[-1,5] by [-1,3]
Initial point: (0, 2)
Terminal point: (4, 0)

(b)) y=V4-xx=0

25. ()
A
f1A

The curveistraced and retraced in both
directions, and thereis no initial or termina
point.

b)y=-2x2+1-1=x=1

26.

27.
28.
29.
30.
31.
32.
33.

35.
37.

38.
39.

40.

41.
42.
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[-4,5] by [—4,2]

Initial point: None

Terminal point: (—3, 0)
(b) x=y2 — 3; lower half (ory = —Vx + 3; al)
Possible answer:
x=-1+5,y=-3+4,0=t=1
Possible answer:
Xx=-1+4,y=3-5,0=t=1
Possible answer:
X=t2+1Ly=tt=<0
Possible answer:
Xx=ty=t2+2,t=-1
Possible answer:
Xx=2-3t,y=3—-4,t=0
Possible answer:
Xx=-1+ty=2-2,t=0

1<t<3 34.3<t=5
-5=t< -3 36. -3<t<1
Possibleanswer: x =t,y =t2+ 2t + 2,t >0

Possibleanswer: x =t,y =Vt + 3,t>0

Possible answers:

(@) x=acost,y=—asint,0=t=27w

(b) x=acost,y=asint,0=t=27

(c) x=acost,y=—asint,0=t=4x

(d) x=acost,y=asint,0=t=4x

Possible answers:

(@) x= —acost,y=bsint,0=t=27

(b) x= —acost,y= —bsint,0=t=27

(c) x= —acost,y=bsint,0=t=4x

(d) x= —acost,y= —bsint,0=t=4x

x=2cott,y=2sn?t,0<t<mw

(@ If x, = x; thenthelineisavertical line and the
first parametric equation givesx = x,;, while
the second will give al real valuesfor y since
it cannot be the case that y, =y, aswell.
Otherwise, solving the first equation for t gives

t= X=X
X7 X%
Substituting that into the second equation for t
gives
y2 - yl
=y, + X — X
R o

which is the point-slope form of the equation
for the line through (x,, y;) and (x,, Y,).
Note that the first equation will cause x to take
on all real values, because x, — X, is not zero.
Therefore, all of the points on the line will be
traced out.

(b) Usethe equationsfor x and y given in part (a)
witho=t=1.
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Functions and Logarithms
(pp- 32-40)

Quick Review 1.5

1.1 2.5
3. x%3 4. (x— 123 +1

5. Possibleanswer: x =t,y = ﬁ,tz 2

6. Possibleanswer: x =t,y =t,t < —3

7. (4,5) 8. (g —3) ~ (2,67, —3)
9. (@ (1.58,3) (b) Nointersection
10. (&) (—1.39,4) (b) Nointersection

Section 1.5 Exercises

1. No 2. Yes

3. Yes 4. No

5. Yes 6. No

7. Yes 8. No

9. No 10. Yes
11. No 12. Yes

-1 _X— 3 -1 _ 5—-Xx

13.f (X)) = > 14.fH(x) = 4

15. f3x) = (x + DY3or Vx + 1

16.f 1(x) = (x — DY¥2or Vx—1
17.f71(x) = —x¥2 or —V/x

18. f ~1(x) = x3/2

19. f Y% = 2 — (—x)Y20r2 — V—x
20.f1(x) = x¥2 - 1or Vx — 1

1= Lo L 1 = Lo L
21. f7HX) 2 or 7 22. f 7HX) 3 or T
-1 :l—3X -1 :2X+3
23. f7H(x) o 24. 7% 1

25.
[-6,6] by [-4,4]
26.
"]

27. \

[—4.5,45] by [-3, 3]

28.

29.

31.

32.

33.

34.

35.

[—4.5,4.5] by [-3, 3]

[-45,45] by [-3,3]

[—4.5, 4.5 by [-3, 3]

[-3.3by[-22]

[-6,6] by [-4,4]

\

[-10,5] by [-7,3]
Domain: (—, 3); Range: al reals

\

[-5,10] by [-5, 5]
Domain: (—2, «); Range: al reals

[—3,6] by [-2,4]
Domain: (—1, «); Range: all reals



36.

37.t=

38.

39.

45.

46.

47.

48.

49.

50.

51.

52.

i) =

[

[-2,10 by [-2,4]
Domain: (4, »); Range: al reals

In2__ 1575
In 1.045
t=1N3 _ o197
0.05

X = In(3 iz\/g) ~ —0.96 or 0.96

Iogll(ﬁ)

@ f(f)="V1- (f(x)?
VI—a-x)
— V5

=X, sihcex =0

(b) F(F(X) = f( >— ﬂi — xfordlx# 0

t/12
(@ Amount = 8(%)

(b) After 36 hours

About 14.936 years. (If the interest isonly paid

annually, it will take 15 years.)

After about 44.081 years

() y= —2539.852 + 636.896 In x

(b) 209.94 million metric tons

(¢) When x = 101.08 or 2001

() y= —590.969 + 152.817 In x

(b) 87.94

() When x = 104.84, in about 2005

(a) Supposethat f(x,) = f(x,). Then
mx, + b = mx, + b, which givesx; = x,
sincem 9& 0.

(b) f7(x) =

(c) They are also parallel lines with non-zero
slope.

(d) They are aso perpendicular lines with
non-zero slopes.

(@) y,isavertical shift (upward) of y;

(b) Each graph of y, isahorizontal line.

(c) Thegraphsofy,andy = aarethe same.

(d) y;=Inx—Ina
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53. If the graph of f(X) passes the horizonta line test,
so will the graph of g(x) = —f(X) sinceit’sthe
same graph reflected about the x-axis.

1 1

f(xy) f(Xz)
f(x)) = f(x,), and x; = x, sincef is one-to-one.

55. (a) Domain: All reals

Range: If a> 0, then (d, «)
If a< 0, then (—x, d)
(b) Domain: (c, o)

Range: All reals

56. () Supposethat f(x;) = f(x,). Then cross
multiplying, expanding and subtracting like
terms leaves
bcx, + adx; = adx, + bex;.
Thisgives (ad — bc)x1 (ad — bc)x,, which
meansthat x; = X, since (ad — bc) # 0.

(b) f-1(9 =~ 2

(c) Horizontal asymptote: y = %(c # 0)

54. Suppose that g(x;) = g(x,). Then

Vertical asymptote: x = —g (c#0)

(d) Horizontal asymptote: y = —g (c#0)
Vertical asymptote: x = %(c # 0)

The horizontal asymptote of f becomes the
vertical asymptote of f~1 and vice versa due to
the reflection of the graph about theliney = x.

Trigonometric Functions
(pp. 41-51)

Quick Review 1.6

60° 2. —(@)° ~ —14324°
_2m LA
9 "4

. X = 0.6435, x = 2.4981
. X = 1.9823, x = 4.3009

. x~ 0.7854 (or %) x = 3.9270 (or 577’)

(X)) =2(—x)2 - 3=2x2 -3 =1f(X)

The graph is symmetric about the y-axis because if
apoint (a, b) is on the graph, then so is the point
(—a, b).

® N oUW R
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9. f(—x) = (—x)3 — 3(—x) = —x3 + 3x
= —(x3—3x) = —f(X)
The graph is symmetric about the origin because if
apoint (a, b) is on the graph, then so is the point
(—a, —b).
10.x=0

Section 1.6 Exercises

1,57 2. 12 3074
4 T

3. % radian or ~28.65° 4. % radian or 45°

5. Possible answers are:
(@) [0, 4] by [-3,3] (b) [0, 4] by [-3, 3]
(¢) [0, 27] by [-3, 3]

6. Possible answers are:
(@) [0, 47] by [-2,2] (b) [0, 4] by [-2, 2]
(¢) [0, 27] by [-3, 3]

7. % radian or 30° 8. —% radian or —45°
9. =—1.3734 radians or —78.6901°

10. =0.7954 radian or 45.5730°

11. (@) = (b) 1.5
(©) [-2m 27 by [—2, 2]
12.(8) 27 (b) 2
© [-Z. 2| by1-4.4
13.(a) =« (b) 3
(©) [—2m, 27] by [—4, 4]
14. (a) 4w (b) 5
(¢) [—4m, 4] by [-10, 10]

15. (@) 6 (b) 4
(¢) [-3,3] by [-5,5]

16. (@) 2 (b) 1
(c) [-4,4]by[-22]

17. (a) %’T

(b) x # %T for integersk
(©) (o, =5 U[1, )

NEVEY

T

[—2—” 2—”} by [-8, 8]

3’3
(b) All redls

18. () %
(© [1,9]

18. continued

(d)
e

[—g, ﬂ by [~8, §]

19. (a) %

(b) x # '%T for odd integers k
(c) All reals

HINUAN
T

[f g] by [, 8]

20. (@) (b) All reals
© [-22
"R A
[—7 @by [-3,3]
21.c059=E sin6v=i tanezi
17 17 15
sch=1  cxcp=1 cotg =2
15 8 8
22.cosf)=l—2 sin(9=—i tan0=—£
13 13 12
sch=2  cxch=-2  cotg=-12
12 5 5
23.cos€=—§ sin0=ﬂ '[an0=—ﬂ
5 5 3
scf=—2 csch=2 coth = —3
3 4 4
1 . 1
24.cosfh = —— Snf =— tang = -1
V2 V2
sech=—-V2 csch=V2 cotd =—1
25. x = 1.190 and x = 4.332
26. X = 8.629 and x = 10.220
27. x=Tandx =2
6 6
28. x= —1911and x = 1.911
29. x = %T + 2k and x = 11?” + 2kar, k any integer
30.x=3777+ kar, k any integer
31.@z0.771
11
32 -9 <0959

88



33. (a) y = 1.543 sin (2468.635x — 0.494) + 0.438

CARR

[0,0.01] by [-2.5, 2.5]
(b) Frequency = 392.9, soit must bea“G.”

_m
34.(a) b=7

(b) It'shalf of the difference, soa = 25
(c) k=55

d) h=5y= 255in[%(t— 5)] + 55

(e)
PN

[—1, 13] by [-10, 100]
35. (a) 37 (b) 365
(o 101 (d) 25
36. (a) Highest: 62°F; lowest: —12°F
(b) Average = 25°F. Thisis because the average
of the highest and lowest values of the
(unshifted) sine function isO.
cos(—x) _ cos(x) _

37.(a) cot (—x) = Sn() _ —sne —cot (X)
(b) Assumethat fisevenand gisodd.
f(=x) _ fx _ (¥ f.
Then——= = —>_ = ——~2 5o —isodd.
a=x  —9(¥ 9(¥)
The situation is similar for %
- 1r _ 1 __
38. (@) csc(—x) = Sn() _ —sn® csc (X)
(b) Assumethat f isodd.
Then 1 1 __1 solisodd.

f(—x)  —f(x) f(x) ~ f

39. Assumethat fis even and g is odd.
Thenf(—x) g(—x) = f(¥)[—g(x)] = —F(x)a(¥)
so fgisodd.

40. If (a, b) isthe point on the unit circle
corresponding to the angle 6, then (—a, —b) isthe
point on the unit circle corresponding to the angle
(6 + ) sinceit is exactly halfway around the
circle. This means that both tan # and tan (6 + )

have the same value, g.

41. (a) y = 3.0014 sin (0.9996x + 2.0012) + 2.9999
(b) y=3sin(x+2) +3

42. (a)
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ANV AN
VIRV,

[—2m, 2] by [-2, 2]
The graph isasine/cosine type graph, but it is
shifted and has an amplitude greater than 1.

(b) Amplitude = 1.414 or V2, period = 27,
horizontal shift ~ —0.785 (that is, —%)
or 5.498 (that is, %”)
vertical shift = 0

(© Si”(x+ %) =sin(x) - %Jr cos (X) - %
= %(sinx + COSX)

So, sin (X) + cos (X) = \/Esin(x+ %)

43. (a) \/Esin<ax+%> (b) Seepart (a).

(c) Itworks.
(d) sin (ax + %)
=sin (ax) % + cos (ax) - %

1.
= —(sinax + cosax)
V2

So, sin (ax) + cos (ax) = Vésin(ax + %)

44. (a) One possible answer:

y= \/msin(x+ tanflg)

(b) Seepart (a). (c) Itworks.

(d) sin(x + tan‘lg)
= sin (X) cos (tan‘1 g) + cos(X) sin (tan‘1 2)
a b
———— +cos(X) ——
1 Va2 + b? a? + b?
=——-+asn(x) + bcos(X)
Va2 + b?
and multiplying through by the square root

— sin(X)

gives the result.

45. Since sin (x) has period 277,

(sin (x + 27))® = (sin (x))3. Thisfunction has
period 27r. A graph shows that no smaller
number works for the period.

46. Since tan () has period 7, [tan (x + )| = |tan (x)|.

Thisfunction has period 7. A graph shows that no
smaller number works for the period.
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47. One possible graph:

- i} by [-2, 2]
60’ 60 |
48. One possible graph:

N

[—6—10, 6—10] by [2,2]

Chapter 1 Review Exercises

(pp- 52-53)
1 3
. = — ) = — + =
lLy=3—-9 2.y 2x 5
3.x=0 4. y=—2X
2 21
y=2 A
S.y 6.y 5x s
7.y=-3x+3 8.y=2x—5
_ 42 _ .5, 19
9.y= 3x 3 10. y 3x 3
2 8 5
Y=2X+ 2 LY =X —
11.y 3x 3 12,y 3x 5
1 2 6
LYy = —X+ y=—Sx—2
13.y 2x 3 14.y 7x 7
15. Origin 16. y-axis
17. Neither 18. y-axis
19. Even 20. Odd
21. Even 22. Odd
23. Odd 24. Neither
25. Neither 26. Even

27. (a) Domain: al reals (b) Range: [—2, =)
(©

[—10, 10] by [—10, 10]
28. (@) Domain: (—, 1] (b) Range: [—2, =)
(©

e

[—9.4,9.4] by [-3, 3]

29. (@) Domain:[—4,4] (b) Range: [0, 4]

©
LN

[—9.4,9.4] by [-6.2,6.2]
30. (&) Domain: al reals (b) Range: (1, «)

©
N

[—6, 6] by [—4, 20]
31. (@) Domain: al reals (b) Range: (—3, «)

(© \

[—4, 4] by [5, 15]

e

32. (a) Domain: x # k%, for odd integers k
(b) Range: al reals

NUED
(1

-z ﬂ by [~8, 8]
33. (a) Domain: dl reals (b) Range: [—3, 1]

(©

I.-"'\ P iy
VA VAV

[7771 77] by [751 5]

34. (@) Domain: al reals (b) Range: [0, =)

e

35. (@) Domain: (3,) (b) Range: al reals

(© [ —

[—3,10] by [—4, 4]




36. (a) Domain: dl reals (b) Range: al reds
(©

— |

L

[—10, 10] by [—4, 4]
37. (@) Domain:[—4,4] (b) Range: [0, 2]

(©
~

[—6,6] by [-3, 3]
38. (@) Domain:[—2,2] (b) Range: [—1, 1]
(©

[-3,31by[-22]
1-%x 0=x<1
39. f(x) =
2—X 1=x=2
%, O0=x<2
40. f(x) = 5

—§x+ 10, 2=x=<=4

41 (a) 1 (b) %(z é)
© xx#0Q '
@ V1UVx+2 +2

42.(a) 2 () 1
(¢) x

@ VVxr1+1

43. (@) (feg)(¥) = —x,x= -2
(@) = Va—x
(b) Domain (feQ):[—2, )
Domain(gef): [—2, 2]
(c) Range(feg): (—, 2]
Range (g f): [0, 2]

44. (3) (fog)x) = V1 —x

@of)) =V1-Vx

(b) Domain (feo g): (—c°, 1]
Domain (go f): [0, 1]
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44. continued
(c) Range(f°Q): [0, )
Range (g~ f): [0, 1]

N
N

45. (a)

Initial point: (5, 0)
Termina point: (5, 0)

(b) @)2 + (%)2 = 1l
46. (a) f_'
N

Initial point: (0, 4)
Terminal point: (0, —4)

(b) X2 + y2 = 16; left half

47. (a) /
/

[-8, 8] by [-10, 20]
Initial point: (4, 15)
Terminal point: (—2, 3)

(b) y=2x+ 7; from (4, 15) to (—2, 3)

48. (a)
%““‘x

“'\.\

[—8,8] by [—4, 6]
Initial point: None
Termina point: (3, 0)
(b) y=V6—2xadl
49. Possible answer:
XxX=-2+6,y=5—-2,0=t=1
50. Possible answer:
X=-3+T7ty= -2+t —0<t<ow
51. Possible answer:
Xx=2—-3,y=5-5,0=t
52. Possible answer:
X=ty=tt—4),t=2

53. (a) f1(x) = 2=X

(b)
‘“——\xq\‘aﬁ-

\

[-6,6] by [-4,4]
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54. (8) f~1(x) = Vx—2

(b) ]
. —
r_.-'-"'"-
[—6,12] by [~4, 8]

55. =0.6435 radians or 36.8699°
56. =—1.1607 radians or —66.5014°

57.c030=§ sin0=;40 tan0=ﬂ
7 7 3
7 7 3

sech = - csch =—— coto = —

3 V40 V40

58. (a) x =~ 3.3430 and x = 6.0818
(b) x= 3.3430 + 2ks and x = 6.0818 + 2k,
k any integer

50. x=—-5In4
60. (a) y

y=f(=%)
1 (_]I-’ 0) I 1 1

3 a0

-3+

(b) y

30 [ @O

L>-X
-3 3
\ / T
(01 _2)

_3 -
(© y

3
y=-2f(x+1)+1
41

\ p (0, 1)

—4 2

(_11 _3)

(d) Y y=3f(x—2) -2
4t 2,9

61. (a) y

3
(-3,2) 3.2

(b) y

G2

(1,-1)

(3,-2
3

62. (@) V = 100,000 — 10,000x, 0 = x = 10
(b) After 4.5years

63. (a) 90 units
(b) 90 — 521In 3 = 32.8722 units

[0, 4] by [—20, 100]
64. After N193) _ 15 6439 yenrs
In 1.08

(If the bank only paysinterest at the end of the
year, it will take 16 years.)

65. () N=4-2
(b) 4 days: 64; one week: 512

(c) After IT:ZO =~ 8.9658 days, or after nearly
9 days.

(d) Because it suggests the number of guppies will
continue to double indefinitely and become
arbitrarily large, which isimpossible due to
the finite size of the tank and the oxygen
supply in the water.

66. (a) y = 20.627x + 338.622

o

[0, 30] by [—100, 1000]

(b) Approximately 957

(c) Slopeis20.627. It represents the approximate
arrival increase in number of doctorates earned
by Hispanic Americans per year.




67. (a) y = 14.60175 - 1.00232%
(b) Sometime during the year 2132

(when x = 232)
(c) 0.232%

Chapter 2

Limits and Continuity

Rates of Change and Limits

(pp. 55-65)

Quick Review 2.1

1.0

3.0

5. -4<x<4
7. -1<x<5

9.x—6

Section 2.1 Exercises

1@ 3

(c) Nolimit
2.(a 5

(c) Nolimit
3.(a —4

(c) -4
4. (a) 3

(c) 3
5 (@ 4

(c) Nolimit
6.(a 1

(1

7. —
9-1
11.0

13. 4
15.1

N w

11

12

1

"3

o o

10.

(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)
8.

10.
12.
14.
16.

. —c2<x<c?
.c—d?<x<c+d?

X
Xx+1

0

17. Expression not defined at x = —2. Thereisno

limit.

18. Expression not defined at x = 0. Thereis no limit.
19. Expression not defined at x = 0. Thereis no limit.

20. Expression not defined at x = 0. Limit = 8.

21, 1
2

23 1L
2

25. 12

27. -1

29.0

31. (a) True
(c) Fase

22,

24,

26.
28,
30.
(b)
(d)

1
4
1

2
2
4
True
True
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31. continued
(e) True (f)y True
(9) Fase (h) False
(i) False () Fase
32. (a) True (b) False
(c) Fase (d) True
(e) True (f) True
(9) True (h) True
(i) True
33. (c) 34. (b)
35. (d) 36. (a)
37.0 38. -1
39.0 40. 1
41.1 42. -1
43.(a) 6 (b) O
(© 9 (d)y -3
44. (a) 4 (b) —21
(© —12 @ 2
45. (a) \
[—3,6] by [-1, 5]
(b) Right-hand: 2
Left-hand: 1
(c) No, because the two one-sided limits are
different.
46. (a) \
[-3,6] by [-1, 5]
(b) Right-hand: 1
Left-hand: 1

(c) Yes. Thelimitis1.
47. (a) .//

[—5,5] by [4, 8]
(b) Right-hand: 4
L eft-hand: no limit
(c) No, because the left-hand limit doesn’t exist.
48. (a)

Fal

/1

[—4.7,47 by [-3.1,3.1]
(b) Right-hand: O
Left-hand: O
(c) Yes. ThelimitisO.
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49.

50.

51.

52.

@)

I £

A
N

[-27, 2] by [-2, 2]
(b) (—2m,0) U (0, 27)
(0 c=2m (d) c= —27

@)

[—m 7] by [-3,3]
S m
o) (-m5)u(57)

(c)c=m

@)

(d) c

—ar

o
[~2.4] by [-1,3]
(b) 0, 1)U (L2

d) c=0
(@

(c)c=2

[—4.7,47 by [-3.1,3.]]
(B) (=%, 1) U (-1,1) U (1, %)

61. (a)

x | —01 | —0.01| —0.001 | —0.0001
f(X) | 2.0567 | 2.2763 | 2.2999 | 2.3023
() I 0.1 0.01 | 0.001 | 0.0001
f(x) | 2.5893 | 2.3293 | 2.3052 | 2.3029

The limit appears to be approximately 2.3.

62. (a)
X

| —01 | -001 | —0001 | —0.0001

f(x) | 0.074398 | —0.009943 | 0.000585 | 0.000021

(b)

x |

01 | o001 | 0001 | 00001

(c) None (d) None
53.0 54.0
55.0 56. 0
57. (@) 14.7 m/sec (b) 29.4 m/sec
58. (a) g = % (b) 5msec
(c) 10 m/sec
59. (a)
X -0.1 —-0.01 —0.001 —0.0001
f(X) | —0.054402 | —0.005064 | —0.000827 | —0.000031
(b)
X 0.1 0.01 0.001 0.0001
f(X) | —0.054402 | —0.005064 | —0.000827 | —0.000031

The limit appears to be 0.

60.(@ x | —01 |-001| —0.001 | -0.0001
f(x) | 0.5440 [ 0.5064 | —0.8269 | 0.3056

(b)

x | 01

| 001 | 0001 | 0.0001

f(x) [ —0.5440| —0.5064 | 0.8269 | —0.3056

Thereisno clear indication of alimit.

f(x) | —0.074398| 0.009943 | —0.000585 | —0.000021
The limit appears to be 0.

63. (a)

(b)

(©

(d)
(€)

()

©)
(h)

0]
64. (a)
(b)
(©)
65. (a)
(b)
(0
66.
2

Because the right-hand limit at zero depends
only on the values of the function for positive
x-values near zero.

Use: area of triangle = (%)(base)(hei ght)

_ (angle)(radius)?
2

Thisishow the areas of the three regions

compare.

Multiply by 2 and divide by sin 6.

Take reciprocals, remembering that all of the

values involved are positive.

area of circular sector

Thelimitsfor cos # and 1 are both equal to 1.
Since%f) is between them, it must also have
alimit of 1.

sin(—0) _ —sin(9) _ sin(6)

—0 -0 6
If the function is symmetric about the y-axis,
and the right-hand limit at zero is 1, then the
|eft-hand limit at zero must also be 1.
The two one-sided limits both exist and are
equal to 1.
The limit can be found by substitution.
One possible answer: a = 1.75, b = 2.28
One possible answer: a = 1.99, b = 2.01

f(m) =1
6

2
One possible answer: a = 0.305, b = 0.775
One possible answer: a = 0.513, b = 0.535




Limits Involving Infinity
(pp- 65-73)

Quick Review 2.2

X+ 3

1. f_l(X) = T

[~12,12] by [-8, §]
2.T71x) =In(x)

[-6,6] by [-4,4]

3. f71(x) = tan (%), —% < x<%

[—6.6] by [—4,4]
4.f(x)=cot(x),0<x<m

—
[-6,6] by [-4,4]

2
5.9 = 3
) = —3x2 — (2)x + £
3

3
6.gX) =22+ 2x+ 1
rx) = —x2—x—2
7. (@) f(—x) = cosx

b) f(1) = cos(
ooyl
(b) f(i) T
9. (a) (- =~
(b) f(%) = —xInx

10. (@) f(-x) = x+% sinx

® 1(2)= (3 +x) sn(3]

Section 2.2

Section 2.2 Exercises

1@ 1 (b) 1
(©y=1

2@ 0 (b) O
(g y=0

3@ 0 (b) —oo
(g y=0

4. (a) (b) =
(c) None

5 () 3 (b) -3
(g y=3y=-3

6. (a) 2 (b) -2
(©y=2y=-2

7.0 1 (b) -1
(©y=1ly=-1

8@ 1 (b) 1
©y=1

9. 10. —

11. —co 12. —©

13.0 14.

15. oo 16. —o©

17.(a) x=—-2,x=2
(b) Left-hand limit at —2isoo.
Right-hand limit at —2is —o°.
Left-hand limit at 2 is —o°.
Right-hand limit at 2 isce.
18.(a) x=—2
(b) Left-hand limit at —2is —co.
Right-hand limit at —2 isce,
19.(a) x= -1
(b) Left-hand limitat —1is —co.
Right-hand limit at —1isce.
1

20. (a) x=—§,x=3

(b) Left-hand limit at —% i cc.
Right hand limit at —% is —oo.
Left-hand limit at 3 isco.
Right-hand limit at 3 is —co.

21. (8) x = kar, kany integer
(b) At each vertical asymptote:
Left-hand limit is —oo.
Right-hand limit is c.

22. () x= % + nar, nany integer

(b) If niseven:
Left-hand limit isce.
Right-hand limit is —oe.
If nisodd:
Left-hand limit is —oo.
Right-hand limit is c.

23. Bothare 1 24. Both are 5
25. Bothare 1 26. Bothare 2
27. BothareO 28. Bothare O
29. (8 30. (c)

31. (d) 32. (b)

121
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33. (a) 3x2
34. (@) —4x3

1
35. (@) P

36. (@) 3
37. (a) 4x?
38. (a) —x2
39. (a) &
40. (a) x2
41. (@) x
42. (a) x2
43. At o o
—00: 0
45. Ato: 0
—00: 0
47. (@) O
() —o
48. (a) 1
(c) 2

(b) None
(b) None

(b) y=0

(b) y=3
(b) None
(b) None
(b) —2x
(b) e*
(b) x
(b) x2
44, Ato: 0
At —oo:
46. Atw: 1
At —: 1
(b) -1
(d -1
(b) O
(d) »

49. One possible answer:

51 (/%)

_ 000G,

9:(9)/95(%)

Asx goesto infinity,

f2(3)/8,(¥)

f
—L and -2 both approach 1.
1 2

Therefore, using the above equation, -2

9,/9,

also approach 1.

52. Yes. Thelimit of (f + g) will be the same asthe
limit of g. Thisis because adding numbers that are
very closeto agiven real number L will not have a
significant effect on the value of (f + g) sincethe
values of g are becoming arbitrarily large.

53. (a) Using1980asx = O:

y = —2.2316x3 + 54.7134x2 — 351.0933x
+ 733.2224
[0, 20] by [0, 800]
(b) Againusing 1980 asx = O:
y = 1.458561x* — 60.5740x3 + 905.8877x2 —

5706.0943x + 12967.6288

[0, 20] by [0, 800]

(c) Cubic: approximately —2256 dollars
Quartic: approximately 9979 dollars

(d) Cubic: End behavior model is —2.2316x3.
This model predicts that the grants

will become negative by 1996.
Quartic: End behavior model is 1.458561x*.

This moddl predicts that the size of
the grants will grow very rapidly
after 1995.
Neither of these seem reasonable. Thereis no
reason to expect the grants to disappear
(become negative) based on the data.
Similarly, the data give no indication that a
period of rapid growth is about to occur.
54. (@) f - —2asx - 07,f - ©vasx - 07,g - 0O,

fg-1

(b) f—»OCBSX—>O_,f—> _OOaSX—>0+,g—’Or
fg - —8

(© f- —wasx » 27,f - wasx - 27,9 - 0,
fg- 0

(d) f - ©,g-0,fg -
(e) Nothing — you need more information to
decide.
55. (@) Thisfollowsfromx — 1 <intx = xwhichis
true for all x. Dividing by x gives the result.

(b) 1 © 1
1

56. For x > 0, O<e*X<1 soo<%x<;

Since both 0 and = approach zero asXx — o, the
Sandwich Theorem states that <— must aso
approach zero.

57. Thisis because as x approaches infinity, sin x
continues to oscillate between 1 and —1 and
doesn’t approach any given real number.

2
58. Limit = 2, becauselnx — 2Inx

Inx Inx
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59. Limit = In(10), 11. (a) Yes (b) Yes
. Inx _ Inx _ (©) Yes (d) Yes
Smcemgx InxIn 10 In 10. 12. (&) Yes (b) Yes
() No (d) No
60. Limit = 1. 13. (@) No (b) No
1 14. Everywherein[—1, 3) exceptforx =0, 1, 2
Sinceln(x + 1) = In ><<1+—) 15. 0 16. 2
1 X 17. No, because the right-hand and left-hand limits are
=Inx+In{1+), not the same at zero.
In(x+1) _ Inx+1In(1+ 1/x) 18. Yes. Assign the value O to f (3).
Inx Inx 19. (8) x =2
_ In(1+ 1/%) (b) Not removable, the one-sided limits are
== different.

1 1 20. (a) X = 2
Butasx — e, 1 + - approaches 1, son (1 + ;) (b) Removable, assign the value 1 to f (2).

— 21. (@) x=1
approachesn (1) = 0. Also, asx — =, Inx (b) Not removable, it's an infinite discontinuity.
22. (@) x=-1

hes infinity. Thi h
approaches infinity. This means the second term (b) Removable, assign the value 0 to f(—1).

above approaches 0 and the limit is 1. 23. (a) All points not in the domain along with

x=01
(b) x = Oisaremovable discontinuity, assign
A f(0) = 0.
Continuity x = 1isnot removable, the two-sided limits
(pp. 73-81) are different.
24. (a) All points not in the domain along with
x=12

Quick Review 2.3 (b) x = 1isnot removable, the one-sided limits

12 are different.
5 @ -2 () —1 X = 2 isaremovable discontinuity, assign
(©) No limit d) -1 Q=1
3.(a) 1 (b) 2 25.y= ’;213; s
No limit d) 2 y="——=
(c) Nolimi . (d) 26.y i1
X .
4.(feg)() =2 x#0 I EL
(@o109 =24 x % -5 YIS x=o0
g -1 '
5 9x) =sinx,x=0 in 4
(fog)(X) = SMx, x = 0 s yz[s‘”x X x#0
6.0 == +1,x>0 4, x=0
X 29.y = Vx + 2
(fo)) = X0 x> 1 e s
1 0.y="77"3
rx= 2 -5 8.x~ 0453 Note: There are different ways to verify the continuity
9.x=1 10. Anycin[1, 2) of the functions in 31-34. In each case, one
possible answer is given.
Section 2.3 Exercises 31. Assumey = X, constant functions, and the square
1. =2, infinite discontinuity [j)g Iﬁgiﬁ? i:)%:ogstiltr:euc;ﬁz uotient theorems.
2. x = 1and x = 3, both infinite discontinuities Domain: (_’2 ) posite, andq '
3. None 4. None 3 ) !
5. All points not in the domain, i.e., al x < 5
6. None
7. x = 0, jump discontinuity
8. x = kar for dl integers k, infinite discontinuity
9. x = 0, infinite discontinuity

10. All points not in thedomain, i.e, al x < —1
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32. Assumey = X, constant functions, and the cube
root function are continuous.
Use the difference, composite, product, and sum
theorems.
Domain; (—o, )

33. Assumey = x and the absolute value function are
continuous.
Use the product, constant multiple, difference, and
composite theorems.
Domain; (—o, )

34. Assumey = xand y = 1 are continuous.
Use the product, difference, and quotient theorems.
One also needs to verify that the limit of this
function as x approaches 1 is 2.
Domain; (—o, )

35. One possible answer:

y
5

/y=f(x)
(e,
X

LI B I | l\

36. One possible answer:

37. One possible answer:

=

38. One possible answer:
y

5
y=f(x)

[T T NN TN TN A S X

39.
40.

41.

42.

45,

46.
47.

48.

49,

. (b)

(@) T = {7.25,

~ —0.724 and x = 1.221
~ —1521
az?
3
Consider f(x) = x — e X, fis continuous,

f(0)= —Landf(1) = 1 — % > 0.5. By the
Intermediate Value Theorem, for somecin (0, 1),
f(c)=0ande c=c.

[Fu—
—an
—a
—n
p—a

[0, 4.8] by [35000, 45000]

Continuous at al pointsin the domain [0, 5)
exceptatt=1, 2, 3, 4.

—-110int(-x), 0=x=6

6<x=24

(b)

[0, 24] by [0, 9]
Thisis continuous at all values of xin the
domain [0, 24] except for
x=0,1,23,4,5,6.

(@) Domain of f: (—o, —1) U (0, )

(b) J

[-5,5] by [-3, 10]
(c) Becausef isundefined there dueto division by
0.
(d) x = 0: removable, right-hand limitisO
x = —1: not removable, infinite discontinuity
(e) 2.7180re

Thisisbecauselim f(a + h) = lim f(X).
h-0 X—a

L

Suppose not. Then f would be negative somewhere
in the interval and positive somewhere elsein the
interval. So, by the Intermediate Value Theorem, it
would have to be zero somewhere in the interval,
which contradicts the hypothesis.

Since the absolute value function is continuous,
this follows from the theorem about continuity of
composite functions.

For any real number a, the limit of this function as
x approaches a cannot exist. Thisis because as x
approaches a, the values of the function will
continually oscillate between 0 and 1.



Rates of Change and Tangent Lines

(pp- 82-90)

Quick Review 2.4

1. Ax=8,Ay=3

2. Ax=a—1,Ay=b-3
__4
3. Slope = 5

2 3
. == LY =X+
4. Slope 3 5y 2x 6

7 25 3 19

. = —— +— . = —= +_
6.y 3X 3 [ 4X 4

4 8 2 7
8.y=-x+_- 9.y=—-X+—
y 3 3 y 3 3

10.b=12
3

Section 2.4 Exercises:

1.(a) 19 (b) 1
2.(a 1

(b) 7‘7\@ ~0.298
3. (@

1-¢e2
(b)
4. (a) ”‘74 ~ 0.462
b) In(10§/100) _In1.03
4
5. (a) —2~-1273
T
by —3V3 1654
ar

~ 0.432

€ —e_gesa
2

~ 0.0099

6. (@) —

(b) 0

7. Using Q, = (10, 225), Q, = (14, 375),
Q, = (16,5, 475), Q, = (18, 550), and
P'= (20, 650)

~ —0.637

ENIN

(a) Secant Slope
PQ,; 43
PQ, 46
PQ, 50
PQ, 50

Units are meters/second
(b) Approximately 50 m/sec

8. Using Q, = (5,20), Q, = (7, 38), Q, = (85, 56),

Q, = (95, 72), and P = (10, 80)

(a) Secant Slope
PQ,; 12
PQ, 14
PQ, 16
PQ, 16

Units are meters/second
(b) Approximately 16 m/sec

Section2.4 125

9.(a) —4 (b) y=-4x—-14
(© y=-x+

(d)

N | ©

1
4

1
[—8 7 by [-1,9]
10. (a) —2 (b)) y=—-2x-1
© y=3x-
@

%f
A

[—6,6] by [-6,2]
11. (@) —1 (b)) y=-x+3
(© y=x-1

N

———

[-4.7,47 by [-3.1, 3.1]
12. (a) -3 b) y= —3x—1
© y= %x— 1

R e

—

[—6,6] by [-5,3]
13.(a) 1 (b) -1
14. -1
15. No. Slope from the left is —2; slope from the right
is 2. Thetwo-sided limit of the difference quotient
doesn’t exist.
16. Yes. Thedlopeis —1.

17. Yes. The slopeis —%.

18. No. The function is discontinuous at X = 3777. The
left-hand limit of the difference quotient doesn’t
exist.

19. (a) 2a
(b) The slope of the tangent steadily increases asa
increases.
20. (a) —%
(b) The dope of the tangent is always negative.
The tangents are very steep near x = 0 and
nearly horizontal as a moves away from the

origin.
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1
21. (@) a1
(b) The slope of the tangent is always negative.
The tangents are very steep near x = 1 and
nearly horizontal as a moves away from the
origin.
22. (@) —2a
(b) The dlope of the tangent steadily decreases as
aincreases.
23. 19.6 m/sec
24. 60 ft/sec
26. 167 in%fin.
28. 45.76 m/sec
30. (—2,7)
3l.(a) Atx=0y=—x—1
Atx=2y=—x+3
(b) Atx=0y=x-1
Atx=2y=x-1
32. Atx=-1Ly=2x+ 10
Atx=3y= —6x+ 18
33. (a) 0.3 hillion dollars per year
(b) 0.5 hillion dollars per year
(c) y= 0.0571x2 — 0.1514x + 1.3943

S

[0, 10] by [0, 4]

(d) 1993 to 1995: 0.31 hillion dollars per year
1995 to 1997: 0.53 hillion dollars per year
(e) 0.65 billion dollars per year

25. 6 in?fin.
27. 3.72 m/sec
29. (-2, —5)

34.(a) T -
[7, 18] by [0, 900]

(b) QFromYear Slope
1988 239
1989 18.9
1990 24.3
1991 —8.8
1992 —48.8
1993 —80.8
1994 —70.3
1995 —80.0
1996 144.0

(c) AsQ getscloser to 1997, the slopes do not
seem to be approaching alimit value. The
years 1995-97 seem to be very unusual and
unpredictable.

+h _
35, (a) & ¢
(b) Limit =~ 2.718
(c) They're about the same.

35. continued
(d) Yes, it has atangent whose slope is about e.

1+h _
36. (a) 2 - 2

(b) Limit ~ 1.386

(c) They’re about the same.

(d) Yes, it has atangent whose slopeis about In 4.
37. No 38. Yes
39. Yes 40. No

41. Thisfunction has a tangent with slope zero at the

origin. It is sandwiched between two functions,

y = x2andy = —x2, both of which have slope zero
at the origin.

Looking at the difference quotient,

f(0+ hr)] —f0 _h o

the Sandwich Theorem tells us that the limit is 0.

_hS

42. Thisfunction does not have atangent line at the
origin. Asthe function oscillates betweeny = x
andy = —x infinitely often near the origin, there
are an infinite number of difference quotients
(secant line slopes) with avalue of 1 and with a
value of —1. Thusthe limit of the difference
quotient doesn't exist.

The difference quotient is
w = sin () which oscillates between
1 and —1infinitely often near zero.

43. Slope = 0.540

- Chapter 2 Review Exercises

(pp- 91-93)
1 -15 2.2
21
3. No limit 4, No limit
5 -1 6.2
4 5
7. 400, —o0 g L
2
9.2 10. 0
11. 6 12. 5
13.0 14. 1
15. Limit exists 16. Limit exists
17. Limit exists 18. Doesn't exist
19. Limit exists 20. Limit exists
21. Yes 22. No
23. No 24. Yes
25. (@ 1 (b) 1.5
(©) No

(d) gisdiscontinuousat x = 3 (and points not in
domain).



25. continued
(e) Yes, can remove discontinuity at x = 3 by
assigning the value 1 to g(3).

26. (@) 1.5 (b) O
(c0 0 (d) No
(e) kisdiscontinuousat x = 1 (and points not in
domain).

(f) Discontinuity at x = 1 isnot removable

because the two one-sided limits are different.

27. () Vertica Asymp.: x = —2
(b) Left-hand limit = —oo
Right-hand limit = «
28. (a) Vertical Asymp..x=0andx = —2
(b) Atx=0:
Left-hand limit = —
Right-hand limit = —<
Atx = —2
Left-hand limit = o0
Right-hand limit = —
29. (@) Atx=—1
Left-hand limit = 1
Right-hand limit = 1
Atx=0:
Left-hand limit = 0
Right-hand limit = 0
Atx = 1.
Left-hand limit = —1
Right-hand limit = 1
(b) Atx= -1
Yes, thelimitis 1.
Atx=0:
Yes, thelimit isO.
Atx = 1.
No, the limit doesn’t exist because the two
one-sided limits are different.

(c) Atx= -1
Continuous because f (—1) = the limit.
Atx=0:
Discontinuous because f (0) # the limit.
Atx=1

Discontinuous because limit doesn’t exist.
30. (a) Left-hand limit = 3
Right-hand limit = —3
(b) No, because the two one-sided limits are
different.
(c) Every placeexceptforx =1
(d) Atx=1
3l.x=—-2andx =2
32. There are no points of discontinuity.

33. (a) % (b) y = 0 (x-axis)
34. (a) 2 (b) y=2

35. (a) x? (b) None

36. (a) x (b) None

37. (a) (b) x

38. (a) In|x (b) In|x
39.k=8 40. k=1

2
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41. One possible answer:

y
\ y=f()

T T I T B BNV

10

42. One possible answer:

y
5_ /
1 1 1 1 1 i I/J 1 1 1
4 5%
y=100 /[
4.2 44, 2aH
T 3
45, 12a 46.2a— 1
47. (a) —1 (b)) y=-x-1
(© y=x-3
48. (E, -9
2 4

49. (a) 25. Perhapsthisisthe number of bears placed

in the reserve when it was established.

(b) 200

(c) Perhapsthisisthe maximum number of bears
which the reserve can support due to
limitations of food, space, or other resources.
Or, perhaps the number is capped at 200 and
excess bears are moved to other locations.

50. (a)
320—-135-int(—x+1), 0<x=20
) =1o, x=0

(b) -

[0, 20] by [5, 32
f isdiscontinuous at integer values of
x012,..,19
51. (a) Cubic:y = —1.644x3 + 42.981x2? — 254.369x
+ 300.232

Quartic: y = 2.009x* — 102.081x3
+ 1884.997x2 — 14918.180x
+ 43004.464

(b) Cubic: —1.644x3, predicts spending will

gotoO.

Quartic: 2.009x?, predicts spending will

gotooe.
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52. lim f(x) = 3, lim g(x) = =
X=C 2 x-c 2

53.(a) | -

[3,12] by [-2, 24]
(b) Year of Q Slope of PQ

1995 3.48
1996 3.825
1997 4.1
1998 4.45
1999 49

(c) Approximately 5 billion dollars per year

(d) y = 0.3214x% — 1.3471x + 1.3857
Predicted rate of change in 2000 is 5.081
billion dollars per year.

Chapter 3
Derivatives

Derivative of a Function
(pp- 95-104)

Quick Review 3.1

1.4

3. -1 4,
5.0
6. (—, 0] and [2, )
7.1im f(x) =0;lim f(x) =3
X—1* X-1-
8.0
9. No, the two one-sided limits are different.

10. No. f isdiscontinuous at x = 1 because the limit
doesn't exist there.

o N o

Section 3.1 Exercises
1@ y=5—-7

-1, .17
() y= —x+ 2
2 -1 3 -1
9 9
4 = ﬂ =
4.F'(x) =3 5% =7
6. 2x 7. (b)
8. (3) 9. (d)
10. (¢)

11. ;—di = 4x — 13, tangent lineisy = —x — 13

12.(a) y=3x— 2
- _L.4
(b) y=—gx+2

13. (ii) 14. (iv)
15. (a) Sometime around April 1. Theratethenis
approximately % hour per day.

(b) Yes. Jan.1and July 1
(c) Positive: Jan 1. through July 1
Negative: July 1 through Dec. 31
16. y

17. (@) 0and 0 (b) 1700 and 1300
18. (a) y
5+
4_
3
2+ o—e
I,#-A T O R T Y
5432 _14,1234567
2}
-3+
-4
_5T_O
(b) x=0,1,4

19. Graph of derivative:

[0, 10] by [—10, 80]

(@) The speed of the skier

(b) Feet per second

(c) Approximately D = 6.65t
20. (a)

[—0.5, 4] by [700, 1700]

(b)

[0, 3.24] by [—800, 100]

(c) Feet per mile

(d) Feet per mile

(e) Look for the steepest part of the curve. Thisis
where the elevation is dropping most rapidly,
and therefore the most likely location for
significant “rapids’.



20.

21.

22.

23.

24.

continued

(f) Look for the lowest point on the graph. Thisis
where the elevation is dropping most rapidly,
and therefore the most likely location for
significant “rapids’.

[ Y]

SINCHY

.

[, @] by [-1.5, 1.5]
Cosine could be the derivative of sine. The values
of cosine are positive where sine isincreasing, zero
where sine has horizontal tangents, and negative
where sine is decreasing.
We show that the right-hand derivative at 1 does
not exist.

f(1+ h) — (1)

31+ h) —(1)3

lim =lim

h-0* h-0*
= lim 2+—3h=|im (Z+3>=m
h- 0+ h-o+ \h
im fOEN—f©@ _ Va1
ho O+ h h-o+ h h-0* Vh

Thus, the right-hand derivative at 0 does not exist.
Two parabolas are parallel if they have the same
derivative at every value of x. This means their
tangent lines are parallel at each value of x.

Two such parabolas are given by y = x2 and

y = x2 + 4. They are graphed below.

N/

[—4,4] by [5, 20]

The parabolas are “ everywhere equidistant”, as
long as the distance between them is always
measured along a vertical line.

25. y
5k
1 1 1 1 i 1 1 1 1 I5 X
26. (a) 2x (b) 2
(c) 2 (d) 2
(e) Yes, thetwo one-sided limits exist and are the

same.
f 2
(g) Does not exist
(h) It does not exist because the right-hand
derivative does not exist.

27. They-interceptisb — a.

28.
29.

Section3.2 129

k=—2
(a) 0.992 (b) 0.008

(c) If Pistheanswer to (b), then the probability of

a shared birthday when there are four peopleis
1-1-P2 < op1s.
365

(d) No. Clearly, February 29th isamuch less
likely birth date. Furthermore, census data do
not support the assumption that the other 365
birth dates are equally likely. However, this
simplifying assumption may still give us some
insight into this problem even if the calculated
probabilities aren’t completely accurate.

Differentiability
(pp- 105-112)

Quick Review 3.2

1
3.
5.
7.
9.

Yes 2. No

Yes 4. Yes

No 6. All reals
[0, %) 8.[3,»)
3.2 10.5

Section 3.2 Exercises

1

10.

11
13.
15.
17.
18.
20.

Left-hand derivative = 0
Right-hand derivative = 1

. Left-hand derivative = 0
Right-hand derivative = 2
. Left-hand derivative = %

Right-hand derivative = 2

. Left-hand derivative = 1

Right-hand derivative = —1

. (a8 All pointsin[—3, 2]
(b) None (c) None
. (a8) All pointsin[—2, 3]
(b) None (c) None
. (8 All pointsin[—3, 3] exceptx =0
(b) None (c) x=0
. (8 All pointsin[—2, 3] exceptx = —1,0, 2
(b) x=-1 (c) x=0,x=2
. (@) All pointsin[—1, 2] exceptx =0
(b) x=0 (c) None
(@) All pointsin[—3, 3] exceptx = —2, 2
(b) x=-2,x=2 (c) None
Discontinuity 12. Cusp
Corner 14. Vertical tangent
Corner 16. Cusp
All realsexceptx = —1,5
All realsexceptx = 2 19. All realsexceptx = 0
All reals 21. All redlsexcept x = 3
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22.
23.

24,

25.

26.

27.

28.

29.
30.

All reals

(@) x = 0isnotintheir domains, or, they are both
discontinuous a x = 0.

(b) For %: 1,000,000

1.

2 0

(c) It returns an incorrect response because even
though these functions are not defined at
X = 0, they are defined at x = =0.001.

For

[=5, 5] by [—10, 10]
dx

ANA
VoW

[—2m, 2] by [—1.5, 1.5]
dy .

-2 =gnx

dx

[—6,6] by [-4,4]

dy _
5 = dskor X

) )
[N

[—2m, 27] by [—4, 4]

dy _

& = tan x
-

f
R

[—2m, 2a7] by [—20, 20]

Does not look like any basic function.

(@ atb=2 (b) a=—-3andb=5
The function f(x) does not have the intermediate
value property. Choose someain (—1,0) and bin
(0, 1). Thenf(a) = Oand f(b) = 1, but f does not
take on any value between 0 and 1.

31 (a) Notethat —x = xsjn% = x, for all x,
solim (xsin%) — 0 by the Sandwich

X-0

Theorem. Therefore, f is continuous at X = 0.
£(0 + h) — £(0) hsm%_o 1
(b) b = P = sin h

(c) Thelimit does not exist because sin %
oscillates between —1 and 1 an infinite
number of times arbitrarily closeto h = 0.

(d) No

1

h?sin=—-0
@ 90tN-90 _ "
h h
—hsni
—hsunh

Asnoted in part (a), the limit of thisasx
approaches zero is0, so g’(0) = 0.

Rules for Differentiation
(pp- 112-121)

Quick Review 3.3
Lx+x2—2x1-2 2. x4+ x71
332 —2x"1+56x2 4 gxz — X+ 2x72
5 x3+x1+2x2+2 6.x2+x

7. Root: x =~ 1.173, 500x% =~ 1305
Root: x = 2.394, 500x° ~ 94,212

8. (a) 7 (b) 7
© 7 d) o0

9.(a) 0 (b) 0
(90

10. (a) f'(X) =% () f'(x) = —mx 2

Section 3.3 Exercises

dx dx?
2,
Z.Q—xz—l,d—ZZX
dx dx?
dy d2y
3._2 Y _g
dx " dx? ,
dy _ d%y
4. Y —ox+1, Y ->
x T 2
d
5 w2yt 1, Yooy
dx dx? ,
d
6. 1 pox—32, 9V oy
dx dx?2

2y
7.ﬂ=4x3—21x2+4x,%=12x2—42x+4

2,
8. I _ 1542 — 15x4 Y _ 30¢ — 60x3
dx dx2



9.

10.

11.

12.

13.

15.

17.

19.

20.

21.

22.
23.

24.

25.
27.

28.

29.
30.
31.

32.

dy _ -3 d _ 54 -4
== —8x"°—8,—= = 24x
dx 8 8, dx2

Y 5 yxd—x34x2
dx

Y my6 x5 4 34— 2x 2
dx?

(@ 3x2+2x+1

(b) 32+ 2x+ 1

X(2x) — (x2+3) _ x2—3

@ 2 )
3
0) 1-3
19 5 2
— 2 4L
(3x — 2)2 14 x2  x3
3 x2—2x—1
i 16"
x* + 2x 1
18—
1 - x%? , VX(Vx + 1)2
12 — 6x
(X2 —3x+ 2)?
(a) Letf(x) = x.

lim fix+h) —f(x) _ lim (x+h)—x
h-0 h h-0 h
—limM = jim@ =1

h-oh h-o

(b) Notethat u = u(x) isafunction of x.

lim —u(x + h) = [—u(X)]
h-0 h
— lim (_u(x +h) — u(x))
h-0 h
— _lim ux+h —ux _ _du
h-0 h dx

%(c-f(x)) - c-%f(x) +f(x)-%c

_..d _d
=c- SH(+0=c- 219
_ '

[f()]?
@) 13 (b) —7
7

© % (d) 20

@ 2 (b) —10

© %0 (d) —12

(iii) 26. (iii)
1 29

Y=g

Slopeisd4atx = =1

tangentatx = -1y =4x+ 2
tangentatx =1y =4x — 2

Smallest lopeis 1 and occursat x = 0.
(—1,27)and (2, 0)

x-intercept = —g, y-intercept = 16

At (0,0): y = 4x

At(1,2):y=2

_ 1 _ nRT
y= 2x+2 33. (V—nb)2+

Section3.4 131

ds _gg I _ AR _ oM — M2
U S=08,55=08 3B E=CM-M

36. If theradius of acircleis changed by avery small
amount Ar, the change in the area can be thought
of asavery thin strip with length given by the
circumference, 27rr, and width Ar. Therefore, the
change in the area can be thought of as (27r)(Ar),
which means that the change in the area divided by
the change in the radiusis just 2.

37. If theradius of a sphere is changed by avery small
amount Ar, the change in the volume can be
thought of as (47rr2)(Ar), which means that the
change in the volume divided by the change in the
radiusisjust 42,

38. 390 bushels of annual production per year.

39. It isgoing down approximately 20 cents per year.
(rate = —0.201 dollars/year)

40. (a) Itisinsignificant in the limiting case and can
be treated as zero (and removed from the
expression).

(b) It was“rejected” because it isincomparably
smaller than the other terms: v du and u dv.

(c) The product rule given in the text.

(d) Becausedxis"“infinitely small,” and this could
be thought of as dividing by zero.

© d(E) _u+tdu_u

v v+dv v
_ (u+duv—u(v + dv)
(v + dv)v
_ W+ vdu—uv— udv
v2 + vdv
__vdu — udv
==

m Velocity and Other Rates of Change

(pp- 122-133)

Quick Review 3.4

1. Downward 2. y-intercept = —256
3. x-intercepts = 2, 8 4. (—o, 144]
5. (5, 144) 6.x=3,7
7.x = % 8. (—, 5)
9.64 10. —32
Section 3.4 Exercises
1. 382
2.(a) 10m (b) 2m/sec
(c) 5misec (d) 2 m/sec?
© Attzgsec ) AtSZ—%m
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3.

(@) vel(t) =24 — 1.6t, accel(t) = —1.6
(b) 15 seconds (c) 180 meters
(d) About 4.393 seconds

(e) 30 seconds

4, Mars. t = 4.462 sec

5.
6.

7.

10.

11.

12.

14.

Jupiter: t = 0.726 sec
About 29.388 meters
Moon: 320 seconds
Earth: 52 seconds
For the moon:
X,(t) = 3(t < 160) + 3.1(t = 160)
y,(t) = 832t — 2.6t2
t-values: 0to 320
window: [0, 6] by [—10,000, 70,000]
For the earth:
X, (t) = 3(t < 26) + 3.1(t = 26)
y,(t) = 832t — 16t2
t-values: 0to 52
window: [0, 6] by [—1000, 11,000]

. Att = 0: 10,000 bacteria’hour

Att = 5: 0 bacterialhour
Att = 10: —10,000 bacteria/hour

. At the end of 10 minutes: 8000 gallong/minute

Average over first 10 minutes:
10,000 gallong/minute

(a) $110 per machine

(b) $80 per machine

(c) $79.90 for the 101% machine

@) ﬁ

[0, 50] by [—500, 2200]
The values of x which make sense are the
whole numbers, x = 0.
2000
(b) (X + 1)2
(¢) Approximately $55.56

(d) ThelimitisO. Thismeansthat as x gets large,

one reaches a point where very little extra
revenue can be expected from selling more
desks.
Att=1 —6m/sec? 13. Att= 1:0m/sec
Att = 3: 6 m/sec? Att = 2:1m/sec
@ g’ =h()=t() =3

A/

[—4, 4] by [—10, 20]

(©) f(x) must be of theform f(x) = x3 + ¢, where

cisaconstant.

d) Yesf(0) =x3 () Yes.f(x) =x3+ 3

15. (a)

16.

17.

(b)
(©

(d)

(e

()
(9)

@
(©

(d)

e
)

Ve

[0, 200] by [—2, 12]
X = 0 (whole numbers)

AN

[0, 200] by [—0.1, 0.2]

P seemsto be relatively sensitive to changesin
X between approximately x = 60 and x = 160.
The maximum occurs when x = 106.44. Since
X must be an integer, P(106) = 4.924 thousand
dollars or $4924.

$13 per package sold, $165 per package sold,
$118 per package sold, $31 per package sold,
$6 per package sold, P’(300) = 0 (on the
order of 1076, or $0.001 per package sold)
Thelimit is 10. Maximum possible profit is
$10,000 monthly.

Yes. In order to sell more and more packages,
the company might need to lower the priceto a
point where they won't make any additional
profit.

190 ft/sec (b) 2 seconds

After 8 seconds, and its velocity was O ft/sec
then

After about 11 seconds, and it was falling

90 ft/sec then

About 3 seconds

Just before the engine stopped;

fromt = 2tot = 11 whilethe rocket wasin
freefall

Possible answer:

Downward velocity

Time



18. (a) p' (slope)
20+

horizontal axis: Days

vertical axis: Flies per day
(b) Fastest: Around the 25th day
Slowest: Day 50 or day O

19. Att = 2.83

20. (a) It beginsat the point (—5, 2) moving in the

positive direction. After alittle more than
one second, it has moved a bit past (6, 2) and it
turns back in the negative direction for
approximately 2 seconds. At the end of that
time, itisnear (—2, 2) and it turns back again
in the positive direction. After that, it
continues moving in the positive direction
indefinitely, speeding up asit goes.

(b) Speeds up: [1.153, 2.167] and [3.180, )
slows down: [0, 1.153] and [2.167, 3.180]

(c) Att=1.153andt =~ 3.180

(d) Att= 1.153 andt = 3.180 “instantaneously”

(e) Thevelocity starts out positive but decreasing,
it becomes negative, then starts to increase,
and becomes positive again and continues to

increase.

The speed is decreasing, reachesO at t = 1.15,
then increases until t = 2.17, decreases until
t = 3.18 when it is 0 again, and then increases

after that.

(f) At about 0.745 sec, 1.626 sec, 4.129 sec

21. (a) (i)
50

'5 t(sec)

(b) s'(1) = 18,s'(2.5) = 0, 5'(3.5) = —12

22.(a) (i)
30}

'5 t(sec)

(b) s'(1) = —6,'(2.5) =12, §'(35) = 24

25. ()

Section 3.4

23. (@) Att=2andt=7

(b) Betweent = 3andt =6
(C)  speed(misec)
3_
Al
1

b
2L
3+

(d)  Acceleration (misec?)

=0 Oo—o0
13 (63 (B3

| 3.0 (60
28 s a0

-1t (8,-15)

Oo—=e
2 o (10, -1.5)
3+ o—o0

(1)

24. (a) Left:2<t<3,5<t=6

Right 0=t<1
Standing still: 1 <t<2,3<t<5
(b) Velocity graph:
v(t) (cm/sec)
4k

2 —0

—— Ol 1>
TS5 g ()

2} o—e
4+ o—o0
Speed graph:
[v(t)| (cmvsec)
4l o—
22— o—e

2L

4l

move backward: 1 <t <5
speedup: 1<t<2and5<t<6
dowdown:0=t<1,3<t<5,
and6<t<7?

(b) Positive: 3 <t <6
negative: 0=t<2and6<t<7
zero:2<t<3and7<t=9

(c) Att=0and2<t<3

d) 7<t=9

Moveforward:0=t<land5<t<7

133
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26. (a) Velocity graph:

27.

28.

29.

30.

v(km/hr)
100}

1
3 15 t(hours)

—100}
—2001

-300

Acceleration:
a(km/hr2)
50}

™

251

iO 1'5 t(hours)

50+

95 _ gt —3t2gng I8 = 30—
(b) i 30t — 3t<and e 30 — 6t.
The graphs are very similar.

€)] g of asecond. Average velocity = 280 cm/sec

(b) Velocity = 560 cm/sec;

acceleration = 980 cm/sec?
(c) About 28 flashes per second
Graph C is position, graph A is velocity, and
graph B is acceleration.
A isthe derivative of C becauseit is positive,
negative, and zero where C isincreasing,
decreasing, and has horizontal tangents,
respectively. The relationship between B and A is
similar.
Graph C is position, graph B is velocity, and
graph A is acceleration.
B isthe derivative of C becauseit is negative and
zero where C is decreasing and has horizontal
tangents, respectively.
A isthe derivative of B becauseit is positive,
negative, and zero where B isincreasing,
decreasing, and has horizontal tangents,
respectively.

dy_t _
@& 2t

(b) Fastest: att =0
slowest: att = 12

. dy
Att=0=2=-1
dt

att=12:oIy

a0

30.

31.

32.

33.
34.

35.

36.

37.

continued

(©

W

DYADT

[0,12] by [—2, 6]

y is decreasing and % is negative over the
entire interval. y decreases more rapidly early
in the interval, and the magnitude of % is
larger then. % isOatt = 12, wherey seemsto
have a horizontal tangent.

(@) 167 cubic feet of volume per foot of radius
(b) By about 11.092 cubic feet

It will take 25 seconds, and the aircraft will have
traveled approximately 694.444 meters.

Exit velocity = 348.712 ft/sec = 237.758 mi/h
By estimating the slope of the velocity graph at
that point.

Since profit = revenue — cost, using Rule 4 (the
“differencerule”), and taking derivatives, we see
that marginal profit

= marginal revenue — marginal cost.

(a) 135 seconds

(b) 7—53 ~ 0.068 furlongs/sec

(© 1—13 = 0.077 furlongs/sec

(d) During the last furlong (between the 9th and
10th furlong markers)

(e) During thefirst furlong (between markers 0
and 1)

(@) Assumethat fiseven. Then,

fr(—x) = rllin'(‘) f(—x+ hr)1 —f(—x)

— lim
h-0 h

and substituting k = —h,

X —h) —f(X)

f(x + K) — ()

= I'

o Kk
T
— _lim [&FR - _ ¢

s K ®

So, f’ isan odd function.



37. continued

(b) Assumethat fisodd. Then,

f(—x + h) — f(=x)

e = jm T
_im —fx=h 4
h-0 h

and substituting k = —h,

—f(x + K) + £
—k
F(x + K) — f (%)
= lim Kk
k-0

=lim

=f'(x)
So, f’ is an even function.

d df dg dh
. —fgh = —gh + f=h + fg—
38 OIngh dxgh f dxh fg ”

Derivatives of Trigonometric
Functions (pp. 134-141)

Quick Review 3.5

1.37 < 2356 2. (@) ~ 97.40%°
4 T

3 V3
2

4. Domain: al reals, range: [—1, 1]
5. Domain: X # kg, wherek isan odd integer;
range: al reals

6.0 7.+ L

V2

. 1+ cosh

9.y=12x—-35 10. 12

Section 3.5 Exercises

andusel — cos?h = sin h.

1.1+ sinx 2. 2COSX — Sec? X

3. —%+5cosx 4. Xsecxtanx + sec X

5. —x2cosx — 2xsinx 6.3+ xsec?x + tan x

7 4 sec x tan X l+cosx+x§|nx

(1 + cosx)

_oexx

" (1+ cotx)? (sin X + cos x)2

10, -1 1Uy=—x+m+3
1+ sinx

12. Approximately y = —1.081x + 2.122
13. Approximately y = —8.063x + 25.460

14.

15.

16.

17.

18.

19.

20.

21.

Section3.5 135

cos (X + h) — cos(x)

lim
h-0

(cosx cosh — sinxsin h) — cos x
h

3

= li
h

o

—

(cosx)(cosh — 1) — sinxsinh
h

= lim
h-0
. cosh—1 . . snh

= (cosx) lim [——=| — (sinX)[ lim =——
( )hao< h ) ( )<hao h )

=cosx(0) —sinx (1) = —sinx

d d sinx
€] &tan X = o osx
_ (cosx)(cosx) — (sinx)(—sinx)
(cos x)?
co& x + sin? x
cos? X
=1 sec?x
cos? x
d d 1
(b) &secx dx cos x
_ (cosx)(0) — ()(=sinXx)
(cosx)?

= sec X tan X

_ _Sinx
(cosx)?
d d cosx
a —cotx=——-
@ dx dx sinx
_ (sinx)(=sinx) — (cosx)(cos x)
(sinx)?
_ s x + cos? X
sin? x
= ——,12 = —csc? X
sin‘ x
d d 1
—CSCX = ———
dx dx sinx
_ (sinx)(0) — (1)(cosx)
(sinx)?
COS X
= —CSC X cot X
(sinx)2

(b)

%SGCXZ sec x tan x whichis0 at x = 0, so the

slope of the tangent lineis 0.
d

&cosx= —sinxwhichisOat x = 0, so the Slope

of the tangent lineis 0.
%tan x = sec? x which is never 0.

% cot x = —csc2 x which is never 0.

Tangent:y=—x+%+1
normal:y=x+1—%

ERL
(@ y=—-x+ % +2

(b) y=4-V3
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22. (a)

(b)
23. (@)

(b)

(©

24. (a)

(b)

(©

y=-4&+7m7+4
y=2

Velocity: —2 cost m/sec
Speed: |2 cost| m/sec
Accel.: 2 sint m/sec?
Jerk: 2 cost m/sec®

Velocity: —V2 mi/sec
Speed: V2 misec
Accel.: V2 misec?

Jerk: V2 m/sec3

The body starts at 2, goesto 0 and then
oscillates between 0 and 4.

Speed: Greatest when cost = =1 (ort = k),
at the center of the interval of motion.

Zerowhencost=0(ort = I%T kodd), at the
endpoints of the interval of motion.
Acceleration: Greatest ( in magnitude) when
snt==*l(ort= %T k odd

Zerowhensint = 0 (or t = k)

Jerk: Greatest (in magnitude) when

cost = *1 (ort = k)

Zerowhencost =0 (or t= I%T k odd)

Velocity: cost — sint m/sec
Speed: [cost — sint| m/sec
Accel.: —sint — cost m/sec?
Jerk: —cost + sint m/sec?
Velocity: 0 m/sec

Speed: 0 m/sec

Accel.: —V/2 m/sec?

Jerk: 0 m/sec?

The body starts at 1, goesto /2 and then
oscillates between +V/2,

Speed:

Greatest whent = 3777 + kar

Zerowhent = % + kar

Acceleration:

Greatest (in magnitude) whent = % + kar
Zerowhent = %77 + kar

Jerk:

Greatest (in magnitude) whent = 3777 + kar
Zerowhent = % + kar

25. () Thelimit is% because this is the conversion

26.
27.
28.

29.
31.
32.

33.

34.

35.

36.

factor for changing from degrees to radians.
(b) Thislimitisstill O.

d . T
C) —SinX = — COSX
© dx 180
d T .
d) —cosx= ——sinXx
(d) dx 180
2 a2 .
€ —SNnxXx=——=s98nx
© dx? 1802
a3 . 3
——SNX = ——— COSX
dx3 1803
d? 2
—— COSX = ———— COS X
dx? 1802
a3 w3
——COSX = ——=SNX
dx3 1803
y” = csc3 X + ¢sc X cot? x
Y = 2+20tanf _ 2cosf+260sn0
cos? 0 cos3 9
Continuousif b = 1, because this makes the two

one-sided limits equal.
Differentiable: No, because for b = 1, the
|eft-hand derivativeis 1 and the right-hand
derivative is 0.(The left-hand derivative does not
exist for other values of b).
sinx 30. cosx
y =X
(@) 0.12
(b) sin(0.12) = 0.1197122
The approximation is within 0.0003 of the
actual value.

isin2x=£25inxcosx
dx dx
= 2[(sinx)(—sinx) + (cos x)(cos X)]
= 2[cos? x — sin?X] = 2 cos 2x
%aﬁ& =%Kmmmmmo—@n@@nm
= [2(cos X)(—sin X) — 2(sin x)(cos X)]
= —4 (sinxX)(cos xX) = —2(2 sin X COS X)
= —2s8n2x
lim cosh—1 _ lim (cosh — 1)(cosh + 1)
h-0 h h-0 h(cosh + 1)
— lim cos?h—1
h-0 h(cosh + 1)
5 —sin?h
a HIT(]J h(cosh + 1)
_ —(Iim sinh)(lim sinh )
h-o h /\h.ocosh+1
= — 9 =
=-(3)=0
A=-1B=0
2
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Chain Rule 40. (a) 2xcos(x2+ 1) (b) 2xcos(x2 + 1)
(pp. 141-149) 4.y =—x+2V?2 42.y = V3x + 2
43.y=—%x—% 44.y=2x—\/§
Quick Review 3.6 45.y = X + % 46.y=x—4
1. sin(x2 + 1) 2. sin (49x2 + 1) _ 7 _
3.49%2 + 1 4.7%2+ 7 47'y_\£)§+2 v By=2
. X2 49,
5. sin 2 6. g(f (%) %@ i1
d/d 2t + 1)(sint) + 2 cost
7. g(n(1(4)) 8. h(g(f(x)) 0 o) =~
9. f(h(h(x))) 10. f(g(h(x))) _
© g(ﬂ) _ _(2t+ 1)(snt) + 2 cost
Section 3.6 Exercises dx\ dx (2t + 1)
1. 3cos(3x + 1) 2. —5c¢0s (7 — 5X) (d) part (c)
3. -V3sin(V3Y) 50. Since the radius goes through (0, 0) and
— a2 —\3
4. (2 = ) sec? (2x — ) . (2 cost, 2sint), it has Slope given by tan t.
5 10 csc? 2 _2snx dy _ dy/dt cost C
" %2 X " (1 + cosx)? But = =—>=—= ———= —cott, whichisthe
7 Zsn(s dx  dx/dt sint ]
- —sin (sin x) cos x negative reciprocal of tan t. This means that the
8. sec (tan X) tan (tan x) sec? x : _
radius and the tangent are perpendicular.
9. —2(x + V)~ (1+—>
2Vx 51. 5 52.3
10, X 1 _
cscx + cot x 3.3 54y = mx
11. —5sin"®x cosx + 3 cos? xsin x
12. 8X3(2X _ 5)3 + 3X2(2X — 5)4 55. Tangent:y = mX — 7 + 2;
= x%(2x — 5)¥(14x — 15) Normal:y = —x + L + 2
13. 4 sin® x sec? 4x + 3 sin? x cos X tan 4x ) ™
14. 2 sec XV sec X + tan x 56.(a)§ (b) 2w+ 5
15. —3(2x + 1)~3¥2 37
16. (1 + x?)~312 (c) 15— 8w (d) —
17.6sin(3x — 2) cos (3x — 2) = 3sin(6x — 4)
18. —4(1 + cos 2x) sin 2x (¢ -1 (f) W
19. —42(1 + cos? 7x)2 cos 7x sSin 7x 5
5 - 9 - (h) ——=
20. 2 v2
0 5 (tan 5x) ~ 12 sec? 5x 32 3\/ﬁ
21. 3sin (g - 3t) 57.(a) 1 (b) 6 .
22, 4t sin ( — 41) + cos (r — 41) © 1 @ -3
23. % cos3t — A sinst (e — ) —6
T T 3
24, 37 cog 3t _ I gy Tt (9 —ﬂ
25902 2 4 4
25. —sec? (2 — 0) .
26, 2 503 260 + 2 560 26 ta? 26 58. 'Slrheslofpeof y . s)? (ZX:] att.he.or.lglnisz. T:e
o7 00086 +sing 28.\/5806 (6 tan 6 + 2) opeo y——snEatteor|g|n|s—E.Sote
2Vosing lines tangent to the two curves at the origin are
29. 2 sec? x tan x 30. 2 csc? x cot X perpendicular.
31. 18 csc? (3x — 1) cot (3x — 1)
32 2500 X tan 33,2
3 2 s
4. 1 s W
3 . -7 y\%
36. 5 37.0
38. —8 [-4.7,47 by [-3.1,3.1]

39.(8) —6sin(6x+2) (b) —6sin(6x+ 2)
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dy dy

70. Ash - 0, the second curve (the difference

59. Because the symbols— = and are not . . N
du’ quotient) approachesthefirst (y = —2x sin (x9)).
fractions. The IndIVIdual symbols dy, du, and dx do Thisisbecause —2x sin (x?) is the derivative of
not have numerical values. cos (_x2), and the sec_ond curve.is the difference
) o quotient used to define the derivative of cos (x2).
The amplitude of the acceleration is quadrupled. should be approaching the derivative.
The amplitude of the jerk is multiplied by 8.
61. (a) On the 1015 day (April 11th) 71. (a) Letf(x) =x.
(b) About 0.637 degrees per day Then % u = % f(u) = f f(u)$

62. Velocity = % m/sec

_ 4 = f'(uu’ =2,
acceleration = ——— m/sec? u
125

The derivative of the absolute value function is

63. Acceleration = T +1 for positive values, —1 for negative values,
_ k (k\/é) :k; and undefined at 0. So f’'(u) should be +1
_ " 2Vs whenu > 0and —1 when u < 0. But thisis
64. Given: v = Vs exactly how the expression ﬁ evaluates.
on: =&V _dvds_ v
acceleration: T asd & (b) 1109 (20)(x2 — 9)
_kk K SR
2592 \f5 287 9'(x) = X cosx + —XTTX
65. Acceleration= z\t/ = d;ix) \
_ [dfe) ] dx 72.d—G——\/ w = d\/x2+cx=ﬂ
"1 dx . 2Vx2 + cx
- /(3 (X e
g6, T _ dT dL VXt
“du  dL du gsmceA—x+—
= T KL =k \/E _ kT
oL g 2

67. No, this does not contradict the Chain Rule. The
Chain Rule states that if two functions are
differentiable at the appropriate points, then their
composite must also be differentiable. It does not
say: If acomposite is differentiable, then the
functions which make up the composite must all be

Implicit Differentiation
(pp- 149-157)

Quick Review 3.7

differentiable. Ly, =Vxy,=—-Vx
68. Yes. Either the graph of y = g(x) must have a

horizontal tangent at x = 1, or the graph of /f’f

y = f(u) must have a horizontal tangent at \\--____

u = g(1).Thisis because %f(g(x)) = £(g(¥)g’ (%),
so the slope of the tangent to the graph of
y =T1(g(x) a x = lisgiven by f'(g(1))g’(1). If this 2.y, = %\/9 — X2, Y, = _éx /9 — x2

product is zero, then at least one of its factors must

be zero. | ;/——\n

69. Ash - 0, the second curve (the difference
quotient) approachesthefirsty = 2 cos 2x. \\mf—/‘
Thisis because 2 cos 2x is the derivative of sin 2x,
and the second curve is the difference quotient [-4.7.47) by [-31,31]
used to define the derivative of sin 2x. Ash - 0,
the difference quotient expression should be
approaching the derivative.

[-6,6] by [-4,4]




=Xy =X
3'y1_21y2 2
[—6,6] by [~4,4]
4.y, =V9-x2y,=-V9—x2

O
N

[—4.7,47] by [-3.1,31]]

5y =VX+3-x2y,= —V2x+3—x?

139

~
L/

[4.7,47] by [-3.1,31]

,_ AX—y+2xy , _ Y+ Xxcosx
6.y =—-—°2 - 7.y =1 2¥P2
y X2 y snx — X
8y = 9 32 _ 456
X2 —y+ X
10. x V2 + x =56
Section 3.7 Exercises
1. 2yl 2. —3y-85
4 5
3 Lx-23 4, 1y-aa
3 4
5. —(2x + 5)372 6. —4(1 — 6x)~ 18
7.X3(x% + 1) Y2 + (x2 + 112
8. (x2 + 1)~32 9. —29+Y°
, 2xy + X2
6y — X 1
10. 1.———
y2 — 6x y(x + 1)2

— 3x2— 2xy
12y — (x+yRor =X -2y
X x+) x2+1

13, 5L — XV V22 14, x-92(ox V2 4 1)~

15. —%(csc X)32 cot x

16. %[s'n (x + 5)]Y4 cos (x + 5)

17. cos?y 18. secy

21 _y 1-y
19. . cos? (xy) " 20. X cosy
21. (b), (c), and (d) 22. (a) and (c)
23 W X

dx y

dy _ _(x+y) 1

dXZ y3 y3

Section 3.7
24, W — —(y)m
dx X
d2 B x23 + y2/3 _ 1
dx2 3xWByU3 3313
o5 dy _x+1
dx
dy _y* - (x+1? 1
dX2 y3 y3
dy 1 =11
26'd>2< v 27. (@) y 4x >
d4y 1 4 29
- = — —_ - + =
dx? (y+ 1)3 (B) y 77
28.(a)y=%x—27:3 29.(a) y=3x+6
4 1 8
= —_ = — X+ =
(b) y= —2x (b) y= —gx+
30.(8 y=—-x—-1 31 (a)y——x+g
_ Y SV
(b) y=x+3 (b) y=—ox— ¢
32.(a) y=2 33. (a) y=—%x+7-r
(b) x="V3 b)y=2x-2+T
T T 2
34.(a y=2x 3. (8) y=2wx— 27
=1, 5m —_x 41
(0) y=—x+ O y=——+-
6. y=m (b) x=0
37. (a) At (% %) Slope = —1;
at (ﬁ 1): Slope = V3
4 2
(b)
[—18, 18 by [-12,12]
Parameter interval:
-l=t=1
38. (@) Tangent:y=2x—1
normal: y = . 3
2 2
(b) Oneway isto graph the equations
X3
= +
y== 2—x
39. (a) (—1)3%(1)? = cos () istrue since both
sidesequal: —1.
(b) Theslopeisg.
40. (a) There arethreevalues: 1, _1%\@
(b) (2 =1,f"(2 = -4
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41.

42.

44,

45.

46.

47.

50.

. First curve: dy _
dx

Section 3.8

The points are (= V7, 0).
dy _ _2x+y
dx 2y + X

At both points, ” 2

T

_3_yz
second curve: dy _ 3x°
dx 2y

At (1, 1), the dopesare —% and % respectively.

At (1, —1), the slopes are% and —g respectively.
In both cases, the tangents are perpendicular.

P
4

[—2.4,2.4] by [-1.6, 1.]

Velocity = 36 m/sec;
acceleration = 2747 m/sec?

Acceleration = % = 4(s—t) V(v — 1)

= 32 ft/sec?

At (3, 2): g;
8 27
a (-3, 2): Y

a (-3, —2): %7;

a (3, —2): —%7
(@) At (4 2):%

at (2, 4): %

(b) At (3V/2, 3V/4) ~ (3.780, 4.762)
(©) At(3V3,3V/2) ~ (4762, 3.780)

. (3, -1
CAL(—1, -1)y=—-2x— 3

a3, —3):y=—-2x+3
The normal at the point (b2, b) is:
y = —2bx + 2b3 + b.
Thisline intersects the x-axis at x = b2 + % which
must be greater than% ifb+0.
The two normals are perpendicular when
3

a=-".
4

51.

52.

dy _ _bX
@ dx a%y
o b
Thetangent lineisy — y, = —az—yl(x - Xp).
Thisgives: a?yy — a?y,;2 = —b%x + b?x,?,
a%yy + b2, x = a?y,? + b2,
But a%y,? + b%x,? = a?b? since (x,, y;) ison
the ellipse.
Therefore, a?y,y + b? x = a?b?, and dividing
by a%b? giv&e% + % =1.
X X Y.y
0 -0
(@) Solvefory.

(b) Becausethelimitofmasx - oisl.
9(x)

(c) Becausethelimitof%asx - ©is],

Derivatives of Inverse
Trigonometric Functions
(pp- 157-163)

Quick Review 3.8

1

8.

10.

Domain: [—1, 1] 2. Domain: [—1, 1]
Range: [—%% Range: [0, 7]
At 1:% At1:0
. Domain: all reals
Range: (—3, E)
- 22
Atl: —
4
. Domain: (—o, —1] U [1, )

w0 o 5.7

2

At1:0

. Domain: al reals

Range: al reals

Atl:1

.f—l(x):ig8 7.1 =x3—5
1 8 Ay 2
f~Hx) < 9. f (%) T«

f1x) = 3tanx, — T <x<Z
2 2

Section 3.8 Exercises

1

o
V1-— x4

o 1
XVx2—1



5 V2 4 1
1-—2t2 Vat—t?
51 6 — L
2s+ 1Vs? + s §V25s2 — 1
~ 2 g _ 2
R+ VX2 +2 XVx2—4
1 6
9. — 10, —
V1-t? tVt4 -9
1 1
11, —— 12. —
2Vt + 1) 20Vt -1
13 = 14 S9-1
V1-¢? 9Vs? — 1
15.0,x>1 16.0,x# 0
. 2
17. sin"1x 18. —
(sn~12x)2V1 — 4x2
19.(a) y = 2x—% +1
1
(b) y——x 5 Z

20. (a) f(1) =3,f'(1) = 12
(b) 13 =1 Y@=

21. (@) f'(X) =3 —sinxandf’(x) # 0. Sof hasa

differentiable inverse by Theorem 3.
(b) f(0)=1,f'(0)=3

© =00 @®=3

22.

[—2m, 27] by [—4, 4]
(@) All reals (b) [—1 %]

(c) Atthepointsx = k— wherek is an odd

integer.
(d) y

@ f'(x) = —=%X__ whichis =1 depending

V1 —sin?x

on whether cos x is positive or negative.

_ 1
1+t2
2t
negative.

© 7

——=—— whichisaways

Section3.8 141

24 % cos™1(x) = % <% sm‘lx)
—0- dgn1x
dx
_ 1
q q 1-x2
25, cottx = (g — tan~! x)
0 ™ tan™+ X
=__1
1+ x2
26. % cscl(x) = % (% — sec‘lx)
=0- % sec1x
_ _ 1
XVx2—1
27.(8) y= 3 ) y=-7
(c) None
28.(a) y=0 (b) y==
(c) None
29.(a) y=7 b) y=7
(c) None
30.(a y=0 (b) y=0
(c) None
31. (&) None (b) None
(c) None
32. (a) None (b) None
(c) None

33. (@ L
A

X
a=cos1x B =sn1x
SoZ=q+pB=cosix+sinIx

(b)

a=tan"1x, B =cot™1x
SoZ=a+pB=tan"Lx+cotlx
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34.

35.

Section 3.9

The“straight angle” with the arrowsinitisthe
sum of three angles. Call them A, B, and C,

moving clockwise from the upper left to the lower

right.
Aisequal to tan—1 3 since the opposite sideis 3
times as long as the adjacent side.

Bisequal to tan~1 2 since the side oppositeiit is 2

units and the adjacent side is one unit.

Cisequa totan—1 1 since both the opposite and
adjacent sides are one unit long.

But the sum of these three anglesis the “straight
angle,” which has measure 7 radians.

If sisthe length of aside of the square, and let «,

B, v denote the angles labeled tan1 1, tan~1 2,
and tan~1 3, respectively.
tana =>=1, 0« =tan"11and

tanB=>=2,s08 =tan"12.

Niolonln

y=m—a—-B=xm—tan11—tan"12
=tan"13.
Derivatives of Exponential and

Logarithmic Functions
(pp. 163-171)

Quick Review 3.9

|n_8 2 exIn7
"In5 '
3. tanx 4.In(x—2)
5.3x — 15 6.2
4
7. In (4x4) 8. x=119 _ 568
In3
9. x = IN18—1In(In5) _ 1.50
In5
10.x=—"3 __ o7
In2—-In3
Section 3.9 Exercises
1. 2eX 2. 2%
3. —eX 4. —5e~
5. 2g2x3 6. —Le—x4
3 4
7.e2 — X 8. x2eX + xeX — e
Vi
9 ¢ 10. 2xe®®
2V/x
11. wx™1 12. (1 + V2)xV2
13. —V2x- V21 14. (1 — e)x©
15. 8%In 8 16. —97XIn9

17. —3%X(In 3)(csc x cot X)

|
18. —39X(In3)(cs2x)  19. w
20.0,X> 0 21.%
2, 2Inx 23 L x>0
X X
24. ~L x>0 25 L x>-2
X x+'2
26. 1 x> -1 27, _SNx
X+ 1 2 — COS X
28, 2 20, 2
X+ 1 xIn x
30. In x 31,2 —_1
xln4 xIn2
2L x>0 3B 3 x>
2xIn5 (Bx+1In2
- y> 13 -1 x>0
2(x+ 1)In10 xIn2
1 1
, T —_— L= X >
36 X (In 2)(log, X)? 37 x'x 0
381  y>_1 39_1
1+xIn3 In3 In 10
40.1n 10 41 y = eX
42.y = —X
43. (sinx)*[x cot X + In (sin X)]

44, xanx [ta”TX + (In x)(sec2x)]

45

3

((x. 3)4(x2 + 1))”5( 4, X
(2x + 5)3 5(x — 3)

xVx2+ 1\/1 X 2
(22 (= + -
46 ((x+ 1)”3)<x x2+1  3(x+ 1))

2h—1

47. rate = 0.098 grams/day
d _ldp-k_1
48. (a) &In(kx)—kxdxkx o
®) Lingo) =L (nk+ Inx)
dx dx d 1
=0+—Inx==
dx X
49. (@) In2 (b) £'(0) =rllin(1)
(©) In2 (d) In7

52+ 1) 5(2x + 5)

)

50. Recall that a point (a, b) is on the graph of y = X
if and only if the paoint (b, a) is on the graph of

y = In x. Since there are points (x, € on the graph
of y = eXwith arbitrarily large x-coordinates, there

will be points (x, In xX) on the graph of y = In x

with arbitrarily large y-coordinates.

51. (@) Thegraphof y,isahorizonta lineaty = a.

(b) Thegraph of y,isahorizontal lineaty = Ina.

© %axzaxif and only if y, = 22 =

Soify; =Ina, then%axwill équal a*if and

onlyiflna=1,ora=e.



51. continued

52.

53.

10.
11.

12.

14.
16.

17.

19.

21.

22.

23.

24.

(@) v, = a* = a¥Ina Thiswill equal y, = a*
ifandonlyiflna=1,ora=-e

i(_lxz + k| =
dx\ 2

Therefore, at any given value of x, these two

d 1
—xand— (Inx + ¢) = =.
dx( ) X

curves will have perpendicular tangent lines.

(8 y=x

(b) Because the graph of In x lies below the graph
of thelinefor al positive x # e.

(o) Multiplying by e, e(Inx) < x, or In x& < x.

(d) Exponentiate both sides of the inequality in
(©).

(e) Letx = mtoseethat w€ < em.

Chapter 3 Review Exercises
(pp- 172-175)

5x4—§+% 2. —21x2 + 21x8
—2co?X + 2sn?x = 2 cos 2x
4 .
_— .2 1-—2
2x— 12 5.2sin( t)
2 2 1 1
t—zcscz? 7. . >
X+1
2x+1
. 3sec (1 + 36) tan (1 + 36)
—49 tan (3 — 62 sec? (3 — 69)
—5x2 ¢csc 5x cot 5x + 2x csc 5x
1 eX
2x’X 0 13 1+ e
—xe X+ e X 15. e
cot X, where x isin an interval of theform

(krr, (k + 1)), k even

1 18, 2
cos IxV1-—x2 61n2

1 _t>7  20.-8In8

t—7)In5

2 (Inx) xInx

X

(2 290CIn2+ xIn2+ 1]

(X% + 1)%2
X
(292 <1+In2+ )
VX2 + 1\X 2+1
glan—1
1+x°
__u_ __ u
uZ —u4 UV - u2

1

t
25— + seC =
V2 -1 2t

Chapter 3 Review
2
26. —27 2% | ot cor12t
1+ 4t2 v
1
27.cos 1z 28, —L 4 CC VX
_ X 3Vx— 1
29, —IX — _ggn(sinx), x # Z, =, 2
|sin x| 2" 2
-1, 0=x<m x#Z
or 3%77
l, TX= 2’7T, X7&7

30 2(1 + sine)(cose —sinf — 1)
"\1-cos# (1 — cos6)?

3l. Foralx#0 32. For all real x
33. Foral x<1 34.Fora||x¢%

_yt2 _1 N-us
B % 6. —509)

YL 1
37. . or 2 38. YR

_ _1l+2xy?
39. /5 40. o
41 —o8y* + 12 cosx + 12y sin’x

' (By? +1)3

42, §X‘4’3y1/3 i §X_5/3y2/3 - gx—slayus
43y =2x3—-3x— 1,

y" = 6x2 — 3,

yw — 12X,

y@ = 12, and therest are all zero.
44,y o

! X_S
y 6’
" X_z
y >

y® = 1, and therest are al zero.

45. (a) y=ix—\/§

7
%f 5V3

(b) y= TXWLi
46. (a) y=—x+5+2

=x-7
(b) y=x 2+2

- 1.9

47. (@) y= 4x+4

(b) y=4x— 2

48.(a) y = —%x+6

4,1

(0) y =4 -1
49.y = x— 2\/2 50.y=§x+4\f2

143



144 Chapter 3 Review

51y = 1—3?x ~-5V3 62.

52.y=(1+\/§)x—\/§—1—%
ory=2414x — 3.200
53. (@)

[-1,3] by [-1,5/3] 63.

(b) Yes, because both of the one-sided limits as 7
X > lareequa tof(1) = 1.

(c) No, because the left-hand derivativeat x = 1is
+1 and the right-hand derivativeat x = 1
is—1.

54. (@) Thefunction iscontinuous for al values of m, LN AN

because the right-hand limit asx - 0 isequal
tof(0) = O for any value of m. L

(b) Theleft-hand derivative at x = 0is 2, and the

right-hand derivativeat X = Oism, soinorder 64, Answer isD: i and iii only could be true

| E B R B B B B

for the function to be differentiable at x =0, m 65. (a)
must be 2.
55. (@) Foralx+0 (b) Atx=0
() Nowhere
56. (a) For all x (b) Nowhere 7 b
() Nowhere [—1, 5] by [-10, 80]
57.(@) [-1,00 U (0,4] (b) Atx=0 (b) tinterval avg. vel.
() Nowhereinitsdomain
58. (@) [-2,0)U(0,2] (b) Nowhere [0, 0.5] 56
(¢) Nowhereinitsdomain [0.5, 1] 40
59 y [1, 1.5] 24
2 .
o—t—o y='(® [15,2] 8
/\ Il Il 1 X [21 25] _8
B 3 [2.5,3] —24
-2} [3, 3.5] —40
60 [3.5, 4] —56
: y © ™
| |
[
| | \\-“
: L ly=r'm \
| |
: : [—1,5] by [-80, 80]
! ! (d) Average velocity is agood approximation to
| i X velocity.
13 1
61. (a) iii (b) i 66. (@) — 5 ®) —3
(c) ii 1 _
© 15 (d) -1
© —% f) —12
67. (@) 5 (b) O
(c) 8 (d) 2

() 6 f —1



68.

70.

71.

72.

73.
74.

75.

76.
7.

78.

79.

1

V3 60. —

(@) One possible answer:
x(t) = 10 cos(t + %)
y =1

(b) 5V2

(d) Att= %:
Velocity = —10

Speed = 10

Acceleration = 0

ds

— =64 — 32
@ & 64 — 32t

d?s

=32

(b) 2 sec

(c) s= —10ands= 10

(c) 64ft/sec
(d) & 12.3 sec;
52

5(3) ~ 39381t
52

@ g sec; 280 cm/sec

(b) 560 cm/sec; 980 cm/sec?
(20X — X?)
2
@ r(x)=(3—i>x=9x—ix2+—1 x3
40 20 1600
(b) 40 people; $4.00
(c) One possible answer:
Probably not, since the company charges less
overall for 60 passengers than it does for

40 passengers.
(@) —0.6 km/sec

(b) X8 ~ 5.73 revolutiong/min
T

Yes

"y = —_ L
y'(r) 2r

frequency.

Y =5
frequency.
y'(d) =~
frequency.

) 1
yi(m = 41V 7Td

frequency.

(a) P(0) = 1.339, soinitially, one student was
infected

(b) 200

(c) After 5days, when the rate is 50 students/day

(@) x+# k%, wherek is an odd integer

/ ld so increasing r decreases the
T

/ld’ so increasing | decreases the
T

1 T

ERPE so increasing d decreases the
T

, Soincreasing T increases the

Section4.1 145

79. continued

053

(c) Whereit'snot defined, at x = k%, k an odd
integer

(d) It has period % and continues to repeat the
pattern seen in this window.

1
80. ———
3V3
Chapter 4

Applications of Derivatives

Extreme Values of Functions
(pp- 177-185)

Quick Review 4.1

-1 3. _
1. 2. Sx~ V4
2V4 — 4
2X X 4 —2X
) (9 _ X2)3/2 ) 3(X2 _ 1)4/3
2X 6 _sin(Inx)
X241 ' X
7. 2% 8.1
9. 10.
11. (@) 1 (b) 1
(c) Undefined
12. (a) x # 2 )
bra _ J3XE—2,x< 2
o) 1109 ={> " 2x=2

Section 4.1 Exercises

1. Maximum at X = b, minimum at X = c,,
Extreme Value Theorem applies, so both the max
and min exist.

2. Maximum at X = ¢, minimum at X = b;

Extreme Value Theorem applies, so both the max
and min exist.

3. Maximum at X = ¢, no minimum;

Extreme Value Theorem doesn’'t apply, since the
function isn’t defined on a closed interval.

4. No maximum, ho minimum;

Extreme Value Theorem doesn’'t apply, since the
function isn’t continuous or defined on a closed
interval.

5. Maximum at X = ¢, minimum at X = a;

Extreme Value Theorem doesn’'t apply, since the
function isn’t continuous.

6. Maximum at X = a, minimum at X = ¢;

Extreme Value Theorem doesn’'t apply, since the
function isn’t continuous.

7. Local minimum at (—1, 0), local maximum at
(1,0
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8. Minimaat (—2, 0) and (2, 0), maximum at (0O, 2)
9. Maximum at (0, 5)
10. Loca maximum at (—3, 0), local minimum at
(2, 0), maximum at (1, 2), minimum at (0, —1)
11. Maximum valueis% +Indax=4
minimum valueislat x = 1;

local maximum at (% 2—1In 2)

12. Maximum valueiseat x = —1;
minimumvalueisiatXZ 1.

13. Maximum valueisin4 at x = 3;
minimum valueisOat x = 0.
14. Maximum valueislax =0

15. Maximum valueis1at x = —:

minimum valueis —lat x = 57T

local minimum at (O —)

V2

local maximum at (T’ 0

16. Loca minimum at (0, 1);
local maximum at (7, —1)
17. Maximum valueis3?® at x = —3;
minimum vaueisOatx =0
18. Maximum valueis3¥° at x = 3
19. Minimum valueislatx = 2.

20. Local maximum at
( \[3 4+£> (—0.816, 5.089);

Loca minimum at

(\/%,4— %) (0.816, 2.911)

21. Loca maximum at (—2, 17);

local minimumat(ﬂ, —ﬂ>
3 27

22. There are none.

23. MinimumvaueisOatx = —landx = 1.

24. Loca maximum at (0, —1)

25. Minimum valueislatx = 0.

26. Local minimum at (O, 1)

27. Maximumvalueis2 at x = 1;
minimumvalueisOatx = —landx = 3

28. Minimum valuels—%atx = -3;

local maximum at (0, 10);
local minimum at (1, %)

29. Maximum valueis% ax=1;

minimum valueis —% ax= -1

30. Maximum valueis% ax=o0;

minimum valueis —% ax= -2

31. Maximum valueis 1l at x = 5;
minimum valueis 5 on theinterval [—3, 2];
local maximum at (=5, 9)
32. Maximum valueis 4 on the interval [5, 7];
minimum valueis —4 on theinterval [ -2, 1].
33. Maximum value is 5 on the interval [3, «);
minimum valueis —5 on the interval (—o0, —2].
34. Minimum valueis4 on theinterval [—1, 3].
35. (a) No
(b) The derivative is defined and nonzero for
X # 2. Also, f(2) = 0, and f(x) > Ofor al
X # 2.
(c) No, because (—, ») ishot a closed interval.
(d) The answers are the same as (a) and (b) with 2

replaced by a.
36. (a) No (b) No
(c) No
(d) Minimum valueisOatx = —3,x =0,
and x =
local maX|maar[( V3, 6\/5) and (\/_ 6\/_)
37.
crit. pt. | derivative | extremum | value
x=-2] 0 |loca max | 2103 ~ 1,034
5 25
x =0 |undefined| local min 0

38. crit. pt. | derivative| extremum | value

x=-1 0 minimum | -3

x = 0 |undefined| local max 0

x=1 0 minimum -3
39, it pt. | derivative | extremum | value

X = —2 |undefined | local max 0

x=—-V?2 0 minimum| -2
x=V?2 0 maximum 2
x =2 |undefined| loca min 0
40.
crit. pt. | derivative | extremum value
x=0 0 minimum 0
=221 0 |loca max| ¥415v2 ~ 4462
5 25
X = 3 | undefined| minimum 0

4L crit. pt. | derivative | extremum | value
x = 1 | undefined | minimum |




42. crit. pt. | derivative | extremum | value
x = 0 |undefined | local min | 3
x=1 0 local max | 4

43 crit. pt. | derivative| extremum | value
x=-1 0 maximum| 5
x =1 |undefined| local min| 1
X=3 0 maximum| 5

4. cit.pt. | derivative| extremum|  value

x=—1 0 local max 4
X =~ 3.155 0 local max | = —3.079
45. (c) 46. (b)
47. (d) 48. ()

49. (a) Maximumvalueisl44atx = 2.
(b) Thelargest volume of the box is 144 cubic
units and it occurs when x = 2.
50. (&) Minimum valueis40 at x = 10.
(b) The smallest perimeter of the rectangleis
40 units and it occurs when x = 10, which
makesit a 10 by 10 square.
51. (a) f'(x) = 3ax2 + 2bx + cisaquadratic, so it
can have 0, 1, or 2 zeros, which would be the
critical points of f. Examples:

The function f(X) = x3 — 3x has two critical
pointsat x = —1and x = 1.

[-3,3 by [-5,5]

The function f(X) = x3 — 1 has one critical
pointat x = 0.

/

[=3,3] by [-5,5]
The function f(X) = x3 + x has no critical
points.

(b) Two or none
52. (a) By definition of local maximum, thereis an
open interval containing ¢ wheref (x) = f(c),
sof(x) — f(c)=0.
(b) Becausex — ¢, (x — ¢) > 0, and the sign of
the quotient must be negative (or zero). This
means the limit is nonpositive.
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52. continued

(c) Becauseasx — ¢, (x — ¢) <0, and thesign
of the quotient must be positive (or zero). This
means the limit is nonnegative.

(d) Assuming that f'(c) exists, the one-sided
limitsin (b) and (c) above must exist and be
equal. Since oneis nonpositive and oneis
nonnegative, the only possible common value
isO.

(e) Therewill be an open interval containing ¢
wheref (x) — f(c) = 0.

The difference quotient for the left-hand
derivative will have to be negative (or zero),
and the difference quotient for the right-hand
derivative will have to be positive (or zero).
Taking the limit, the left-hand derivative will
be nonpositive, and the right-hand derivative
will be nonnegative. Therefore, the only
possible value for f '(c) is 0.

53. (a)

[—0.1,0.6] by [-15, 1.5]
f(0) = Oisnot alocal extreme value because
in any open interval containing X = 0, there
areinfinitely many pointswheref (x) = 1 and
wheref(x) =—1.

(b) One possible answer, on the interval [0, 1]:

(1—x)cosﬁ, 0=x<1

0, x=1

This function has no local extreme value at
x = 1. Notethat it is continuous on [0, 1].

f() =

Mean Value Theorem
(pp- 186-194)

Quick Review 4.2

1. (-V3,V3)

2. (—», —V2) U (V2, %)

3.[-2 2]

4. For dl xinitsdomain, or, [—2, 2]
5.0n(-2,2) 6. x# *1

7. For al xinitsdomain, or, for all x # =1
8. For al xinitsdomain, or, for all x # =1
9.C=3 10.C= -4

Section 4.2 Exercises

1. (a) Loca maximum at (E 25)

2" 4
(b) On(—oc, g] (© On [g oo)
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2. (a) Loca minimum at (1, —4—9>
2 4
1 1
(b) On [E’ oo) © On( °°'§)
3. (&) None (b) None
(c) On(—c°,0) and (0O, )
4. (a) None (b) On (—0°,0)
(c) On (0, »)
5. (a) None (b) On (—o°, )
(c) None
6. (a) None (b) None
(¢) On(~%,x)
7. (a) Loca maximum at (—2, 4)
(b) None (c) On[—2,x)

8. (a) Loca maximum at (0, 9);
local minima at (—\/g, —16)
and (V/5, —16)
(b) On[—V/5,0] and [ V5, =)
(© On (=, —V/5] and [0, V5]
9. (a) Local maximum at
~ (2.67, 3.08);
local minimum at (4, 0)
(b) On<—oo, g] (© On E 4]
10. (a) Loca minimum at = (—2, —7.56)
(b) On[—2, ) (©) On (==, —2]

11. (a) Loca maximum at <—2, %);

local minimum at (2, —%)

(b) On (=0, —2] and [2, )
(c) On[—2,2]
12. (a) None (b) None
(€) On (=2, —2),(—2,2),and (2, »)
13. (a) Loca maximum at = (—1.126, —0.036);
local minimum at = (0.559, —2.639)
(b) On (—o0, —1.126] and [0.559, =)
() On[—1.126, 0.559]
14. (a) None (b) On (—o0, )
(c) None
15. (a) fiscontinuouson [0, 1] and differentiable on
0, 1).
(b) c=2
16. (a) fiscontinuouson [0, 1] and differentiable on
0, 1).
8
(b) c=—
17. (a) fiscontinuouson[—1, 1] and differentiable
on[—1,1].
(b) c= x0.771

18. (a) fiscontinuouson [2, 4] and differentiable on
(2,4).
(b) c=2.820

5
19, (2) y = (b) y=2
20.(a) y = %x - % ory = 0.707x — 0.707
1 1
(b) y=—x———,0ory=0.707x — 0.354
V2 o 2V2

21. (a) Not differentiableat x = 0
(b)

[-11by[-11
(€ c=*332= +0.192
22. (@) Not differentiableat x = 1

(b)
"

[0, 3] by [~1, 3]
(c) Thereare none.
23. (a) Not differentiableat x = 0

(b)

e LINE A

(c) Thereare none
24. (a) Not differentiableat x = 0

RS

[, 7] by [~1, 2]
(©) c~ —2.818, —0.324, 1.247
2
25.%+c 26.2x + C
27.x3 —x2+x+C 28. —cosx + C
29. e + C 30.In(x— 1)+ C
31.%+%,x>0 32, xU4 — 3
33.In(x+2) +3 34.x2+x—snx+ 3

35. Possible answers:

@
N

[—1, 4] by [0, 3.5]




35. continued

(C) //\

[—1,4] by [0, 3.5]
36. Possible answers:

@)
/\

—-1,5/ by 24]

(b)

~1,5by[-1, 8]

(© \

~1,5by[-1, §]

(d) /_/

[—1,5] by [-1, 8]
37. One possible answer:

|
%

[—3,3] by [-15, 15]
38. One possible answer:

/\/

[—3,3] by [-70, 70]
39. Because the trucker’s average speed was 79.5 mph,
and by the Mean Value Theorem, the trucker must
have been going that speed at least once during the
trip.

40.

41.

42.

45.
46.

47.

48.
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Let f (t) denote the temperature indicated after

t seconds. We assume that f’(t) is defined and
continuous for 0 = t = 20. The average rate of
change is 10.6°F/sec. Therefore, by the Mean
Value Theorem, f'(c) = 10.6°F/sec for some value
of cin[0, 20]. Since the temperature was constant
beforet = 0, we also know that f’(0) = O°F/min.
But f’ is continuous,so by the Intermediate Value
Theorem, the rate of change f '(t) must have been
10.1°F/sec at some moment during the interval.
Because its average speed was approximately
7.667 knots, and by the Mean Value Theorem, it
must have been going that speed at least once
during thetrip.

The runner’s average speed for the marathon was
approximately 11.909 mph. Therefore, by the
Mean Value Theorem, the runner must have been
going that speed at least once during the marathon.
Since the initial speed and final speed are both 0
mph and the runner’s speed is continuous, by the
Intermediate Value Theorem, the runner’s speed
must have been 11 mph at least twice.

. () 48 m/sec (b) 720 meters

(c) After about 27.604 seconds, and it will be
going about 48.166 m/sec

. (@) 14 m/sec

(b) 10V/2 m/sec, or, about 14.142 m/sec

Because the function is not continuous on [0, 1].
Because the Mean Value Theorem applies to the
functiony = sinx on any interval, andy = cosxis
the derivative of sin x. So, between any two zeros
of sin x, its derivative, cos x, must be zero at least
once.

f(X) must be zero at least once between a and b by
the Intermediate Value Theorem.

Now suppose that f () is zero twice between a and
b. Then by the Mean Value Theorem, f’(x) would
have to be zero at |east once between the two zeros
of f(x), but this can’t be true since we are given
that f'(x) # O onthisinterval.

Therefore, f(X) is zero once and only once between
aand b.

Let f(x) = x* + 3x + 1. Then f(X) is continuous
and differentiable everywhere. f'(X) = 4x3 + 3,
which is never zero betweenx = —2andx = —1.
Sincef(—2) = 11andf(—1) = —1, exercise 47
applies, and f (X) has exactly one zero between
x=—-2andx= —1
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49.

50.

51.

52.

Letf(x) = x + In(x + 1). Then f(X) is continuous
and differentiable everywhere on [0, 3].

') =1+ L, which is never zero on [0, 3].
Xx+1

Now f(0) = 0, so x = O isone solution of the
equation. If there were a second solution, f (X)
would be zero twicein [0, 3], and by the Mean
Value Theorem, f'(X) would have to be zero
somewhere between the two zeros of f(x). But this
can't happen, since f’(x) is never zero on [0, 3].
Therefore, f(X) = 0 has exactly one solution in the
interva [0, 3].

Consider the function k(x) = f(X) — g(X). k(X) is
continuous and differentiable on [a, b], and since
k(@ =f(@ —g(@ = 0and

k(b) = f(b) — g(b) = 0, by the Mean Value
Theorem, there must be apoint cin (a, b) where
k'(c) = 0. But sincek’(c) = f'(c) — g’(c), this
means that f '(c) = g’(c), and cisapoint where the
graphs of f and g have parallel or identical tangent
lines.

I
%ﬁ"’

(@) Increasing: [—2, —1.3] and [1.3, 2];
decreasing: [—1.3, 1.3];
local max: x = —1.3
local min: x = 1.3

(b) Regression equation:y = 3x2 — 5

N

Ry

[-25,2.5] by [-8, 10]

(c) f(x) =x3—5x

(@ Toward:0<t<2and5<t<8§;
avay:2<t<5b

(b) A local extremum in this problemisa
time/place where Priya changes the direction
of her motion.

(c) Regression equation:
y = —0.0820x3 + 0.9163x2 — 2.5126x

+ 3.3779

[—0.5,85] by [-0.5, 5]

(d) f'(t) = —0.2459t2 + 1.8324t — 2.5126
toward: 0 <t<1.8land564 <t<§;
away: 1.81 <t<5.64

1_1
s3 fO-f@_b a_ _1
b—a b—a ab
1 1 1
f'(c) = —— 4+ _ 1 2 _
©=-Z0-5= Hadci=ab
Thus, c = Vab.
_ 2 _ A2
5 fO—f@@ _b2-a2_
b—a b—a a+b
f'(c)=2c,s02c=b+aandc= 7

55. By the Mean Value Theorem,
sinb — sina = (cos ¢)(b — a) for some ¢ between
a and b. Taking the absolute value of both sides
and using |cos ¢| = 1 givesthe result.

56. Apply the Mean Value Theoremto f on [a, b].

Sincef(b) < f(a), w is negative, and

hence f '(X) must be negative at some point
between a and b.

57. Let f(X) be a monotonic function defined on an
interval D. For any two valuesin D, we may let x;
be the smaller value and let x, be the larger value,
S0 X; < X,. Then either f(x,) < f(x,) (if fis
increasing), or f(x;) > f(x,) (if f is decreasing),
which meansf(x,) # f(x,). Therefore, fis
one-to-one.

m Connecting f' and f" with the Graph
of f
(pp. 194-206)

Quick Review 4.3

1.(-3,3 2.(—2,0) U (2, )

3. f:dl reals 4, f:dl reas
f':al reas f':x#0

5 fix#2 6. f: dl reds
flix#2 f':x#0

7.y=0 8.y=0

9.y=0andy = 200 10.y=0andy = 375
Section 4.3 Exercises

1. (a) Zero:x = *1;
positive: (—o0, —1) and (1, «);
negative: (—1, 1)
(b) Zero: x = 0;
positive: (0, );
negative: (—oo, 0)
2. (a) Zero:x =0, £1.25;
positive: (—1.25, 0) and (1.25, «);
negative: (—o0, —1.25) and (0, 1.25)
(b) Zero: x = £0.7;
positive: (—o0, —0.7) and (0.7, «);
negative: (—0.7, 0.7)



3. (@) (=, —2]and [0, 2]
(b) [~2,0] and 2, =)
(c) Local maxima: x = —2andx = 2;
local minimum: x =0
4.(a) [-2,2] (b) (=%, —2] and [2, =)
(c) Loca maximum: X = 2;
local minimum: x = —2
5.(a) [0,1],[3,4],and [5.5, 6]
(b) [1, 3] and [4, 5.5]
(¢) Local maximax=1,x=4
(if fiscontinuous at x = 4), and X = 6;
local minima: x = 0,x = 3,and x = 5.5
6. If f is continuous on theinterval [0, 3]:
(@ [0, 3] (b) Nowhere
(c) Loca maximum: x = 3;
local minimum: x =0

rafie] e[
(©) (=, ) (d) Nowhere
(e) Local minimum at (% —%)
(f) None
8.(a) [0,2] (b) (=2, 0] and [2, =)
© (== 1) (d) (1,)

(e) Loca maximum: (2, 5);

local minimum: (0, —3)
f) At(L, 1)

9. (@) [—1,0] and[1, )
(b) (=9, —1] and [0, 1]

e L 1
© ( 1 \{é)and(\/é, )
d —_

@ (573
(e) Local maximum: (0, 1);
local minima: (=1, —1) and (1, — 1)

+ 1 1
0 (=53
10. (@) (—, 0) and[1, )

() (O, 1] (©) (0,»)
(d) (=00, 0) (e) Loca minimum: (1, €)
(f) None
11. () [-2, 2]
(b) [-V8, —2] and [2, V8]
(© (-V8,0 (d) (0, V)

(6) Loca maxima (—V8,0) and (2, 4);
local minima: (—2, —4) and (V'8, 0)
f 60
12. (a) (—o°, 0) and [0, ») (b) None
(c) (0,) (d) (=, 0)
(e) Loca minimum: (O, 1)
(f) None

13. (@) (—, —2] and [—g oo)

o[+ el
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13. continued

7
@ (==~
(e) Local maximum: (—2, —40);
local minimum: <_§’ _161
2 4
_7 32
0 (-5 %

14. (@) (—o, —0.53] and [0.65, 2.88]
(b) [—0.53, 0.65] and [2.88, =)
9 0.2 (d) (=, 0)and (2, )
() Local maxima: (—0.53, 2.45) and
(2.88, 16.23);
local minimum: (0.65, —0.68)
(0,1 and(2,9)

15. (@) (—oe, ) (b) None
(© (==,0) (d) (0, )
(e) None f) (0, 3)

16. (a) None (b) (—o0, )
(©) (0,) (d) (==, 0)
(e) None (f) (O,5)

17. (&) (—o», ») (b) None

© (=,5In3) =~ (—, 5.49)
(d) (5In3,%) ~ (5.49, =)

(e) None
) (5 In3, g) ~ (5.49, 2.50)
18. (@) (—o, ) (b) None

© (—oo, 2 |ng) ~ (~, 1.83)

(d) (2 in, oo) ~ (1.83, =)

(e) None
5
) (2In 2 2) ~ (183,2)

19. (@) (=, 1) (b) [1, )
(c) None (d) (1, »)
(e) None (f) None

20. (a) [0, 2] (b) None
(©) (0,27 (d) None

(e) Loca maximum: (21, €7)
local minimum: (0, 1)
(f) None
21. (a) (—», —V2] and[V2, =)
(b) [-V2,0)and (0, V2]
(©) (0,%) (d) (==, 0)
(e) Local maximum:
(-V2, —V2e) ~ (—1.41, —2.33);
local minimum: (V2, V/2e) ~ (1.41, 2.33)
(f) None
22.(a) [-3, —V6] and [0, V6] or, ~[—3, —2.45]
and [0, 2.45]
(b) [-V6,0] and[V6, 3] or, ~[—2.45, 0] and
[2.45, 3]
(c) Approximately (—1.56, 1.56)
(d) Approximately (—3, —1.56) and (1.56, 3)
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22. continued 3L y
(6) Loca maxima (+V6, 6V3) y=f(
~ (+£2.45,10.39); A y=1e
local minima: (0, 0) and (=3, 0)
(f) =(*1.56, 6.25) X
23. (@) (—oo, ) (b) None /
(© (==,0) (d) (0, ) y="(9)
(e) None ) (0,0
15 15 32.
24. (a) {o, 7} () [7, oo) y
(c) None (d) (0, x)

Ry=1(
(e) Local maximum: sz’(x)
34

(22" 2)- (2 509 o X
7'\ 7 7 7

local minimum: (0, 0) y=f"(x)
(f) None
2. %) EE;O)_Z) and (0 oo()b) (7o 1] 33. (a) Absolute maximum at (1, 2);
(d) (-2, 0) ’ absolute minimum at (3, —2)
(e) Local minimum: (1, —3) (b) None . )
(f) =~ (-2, 7.56) and (0, O) (c) One possible answer:
26. (a) [0, =) (b) None y
(© (% oo) (d) (0, %) 2r y=f(¥)
(e) Loca minimum: (0, 0) r

~ 9 1 1
) = <€’ 5.56) L W
27. (a) Approximately [0.15, 1.40] and [2.45, ) b

(b) Approximately (—o, 0.15], [1.40, 2),

and (2, 2.45] ol
8 (L;;u %;%5&?5?2.48'12.)29); 34. (a) Absolute maximum at (0, 2);
local minima: ~(0.15, 0.48) and (2.45, 9.22) ) aAth(Olwgi r;ﬂrllglzn_uin 08)1 (2, —Dand (-2 —-1)
28. ?2) El— 11 : 1] (c) One ;')ossi ble ans;ver:

(b) (—°, —1] and [1, =)
© (—V3,0and (V3 =)

(d) (—, —V3)and (0, V3)
(e) Loca maximum: (1, %)

local minimum: (—1, —%)

® ©.0,(V3 ) (V5 - %) A
29. (a) None (b) Atx=2 (d) f(3) =f(—3),and —1 < f(3) = 0.
(©) Atx=1andx=§ 3.y
30. (@) Atx =2 (b) Atx=4 Ar
(c) Atx=1,x= 163, x~ 3.37 3r
2 y=1(x)
1_
1 23 45 6%
_1_




3. y

PN WS O
T

2 3
1+
_2_
3

37.(a vt)=2t—4 (b) a(t) =2
(c) It begins at position 3 moving in a negative
direction. It movesto position —1whent = 2,
and then changes direction, movingin a
positive direction thereafter.
3. (a vt)y=—-2-2t (b) at) = -2
(c) It begins at position 6 and movesin the
negative direction thereafter.
39. (@) v(t) =3t2—3  (b) a(t) = 6t
(c) It begins at position 3 moving in a negative
direction. It movesto position 1 whent = 1,
and then changes direction, movingin a
positive direction thereafter.
40. (a) v(t) =6t —6t2 (b) a(t) =6 — 12t
(c) It beginsat position 0. It starts moving in the
positive direction until it reaches position 1
whent = 1, and then it changes direction. It
moves in the negative direction thereafter.
41. (@) t=2.2,6,9.8 (b) t=4,811
42.(a) t=-02,4,12 (b) t=15,52,8, 11,13
43. No. f must have a horizontal tangent line at that
point, but it could be increasing (or decreasing) on
both sides of the point, and there would be no local
extremum.
44. No. f"(x) could still be positive (or negative) on
both sides of x = ¢, in which case the concavity of
the function wouldn’t change at x = c.
45. One possible answer:

y

5

T T R B
5X

-5
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46. One possible answer:

y
5

FT T N B
5X

-5

47. One possible answer:
y
(2,8 10

@0 5

49. (a) Regression equation:
y= 2161.4541
1 + 28.1336e0-8627x

[0, 8] by [—400, 2300]

(b) At approximately x = 3.868 (late in 1996),
when the sales are about 1081 million
dollars/year

(c) 2161.45 million dollars/year

50. (a) Inexercise13,a=4andb = 21, so
b

3
point of inflection occurs. The local extrema

= —%, which is the x-value where the

aeatx=—2andx = —g, which are

symmetric about X = —%.
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50. continued Section 4.4 Exercises
(b) Inexercise8,a= —2andb =6, s0 1. (a) Aslarge aspossible: 0 and 20;
b as small as possible: 10 and 10

3 1, which is the x-value where the point _ 79 1
of inflection occurs. The local extrema are at (b) Aslarge as possible: 4 and 4

x = 0and x = 2, which are symmetric about as small as possible: 0 and 20

x=1 2. Largest area = 27?, dimensions are

(© f'(X) = 3ax2 + 2bx + c and S cmby — cm
fr"f%)p:ir?ta:)(fJirnlet(:;:tion will occur where 3 S‘;E‘I:ﬁs perirr%eter = 16in, dimensionsare 4in.
£7(x) = O, whichisat x = —%. 4 AK) = X(4 — %), 0< X< 4. A'(X) = 4 — 2x, S0

thereisan absolute maximumat x = 2. If x = 2,
then the length of the second sideis also 2, so the
rectangle with the largest areais a square.

If there are local extrema, they will occur at
the zeros of f'(X). Sincef’(X) is quadratic, its
graph is a parabola and any zeros will be

symmetric about the vertex which will also be 5@ y=1-x 1 (b) AK) =2x(1 = )1()
wheref”(x) = 0. (c) Largestarea= > dimensions are 1 by >
b
51. () f'(x) = %, sothesign of f'(X) isthe 6. Largest area = 32, dimensionsare 4 by 8
same as the sign of the product abc. 7. Largest volume is% ~ 90.74in3;
gy — _ % (@™ —a) o - imengons 2 | 14 35;
(b) f"(x) @+ a) . Sincea > 0, this dimensions: 3 in. by 3 in. by 3 in.
changes sign when x = InTa duetothee™ — a 8. Sincea? + b2 = 400, Area = %a(400 — a?)l2,
factor in the numerator, and there is a point of d _ 200-a?
inflection at that locali a0 — a7
inriection ocation. Thus the maximum area occurs when a2 = 200,
52. (a) Sincef”(x) isquadratic it must _hav(_e 0,1o0r2 but then b2 = 200 aswell, soa = b.
zeros. If f”(X) has 0 or 1 zeros, it will not
change sign and the concavity of f(x) will not 9. Largest area = 80,000 m?;
change, so thereis no point of inflection. dimensions: 200 m (perpendicular to river) by
If f”(x) has 2 zeros, it will change sign twice, 400 m (parallel to river)
and f(x) will have 2 points of inflection. 10. Dimensions. 12 m (divider is thislength) by 18 m;
(b) f(x) hastwo points of inflection if and only if total length required: 72 m
3b? > 8ac. 11. (@) 10ft by 10 ft by 5 ft
(b) Assume that the weight is minimized when the
total area of the bottom and the 4 sidesis
Modeling and Optimization minimized.
(Pp. 206-220) 12. (a) x=15ftandy = 5ft
(b) The material for the tank costs 5 dollarg/sq ft
and the excavation chargeis 10 dollars for
Quick Review 4.4 each square foot of the cross-sectional area of
one wall of the hole.
LNoe _ 13. 18in. high by 9in. wide
2. Local nja.><|mur1.1. (—=2,17); 14. (a) 96 ft/sec
local minimum: (1, —10) (b) 256 feet at t = 3 seconds
3. 20'% cmd (c) —128ft/sec
4.r =~ 4.01cmandh = 19.82 cm, or, 15.6 = %
r~713cmandh~6.26 cm 16. Radius = height = 10723 cm ~ 6.83 cm
5. —Sna 6. cosa In Example 2, because of the top on the can, the
7.8na 8. —Cosa “best” design is less big around and taller.
9.x=1andy=\/§,or,x=—landy=—\/§ 17 §tol
1O.x=0andy=3,or,x:—ﬁandyzE o



18. (a) V(X) = 2x3 — 25x2 + 75x

19.

20.

21.

22.

(b) Domain: (0, 5)

RN

[0, 5] by [—20, 80]
() Maximum volume = 66.02 in3 when
x=1.96in.

(d) V'(X) = 6x2 — 50x + 75, so the critical point

isatx = LM which confirms the result
in (c).

(8 V(X) = 2x(24 — 2x)(18 — 2X)

(b) Domain: (0, 9)

RN

[0, 9] by [—400, 1600]

Maximum volume =~ 1309.95 in3 when

x = 3.39in.

V'(X) = 24x2 — 336x + 864, so the critical

pointisatx =7 — /13, which confirms the

result in (c).

(e) x=2in.orx=5in.

(f) Thedimensions of the resulting box are 2xin.,
(24 — 2x) in., and (18 — 2x) in. Each of these
measurements must be positive, so that gives
the domain of (0, 9).

4 . 0.87 miles down the shoreline from the

21
point nearest her boat.

Dimensions: width = 3.44, height =~ 2.61,
maximum area = 8.98

Dimensions: Radius = 10\@ =~ 8.16 cm, height =
2 _1155cm;

3.
maximum volume =

(©
(d)

40007

~ 2418.40 cm’
3V3

23. (@)
(b)

(©

(d)

(€)

24. (a)
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Atx=1
a b A
0.1 3.72 0.33
0.2 2.86 0.44
0.3 2.36 0.46
0.4 2.02 0.43
0.5 1.76 0.38
0.6 155 0.31
0.7 1.38 0.23
0.8 1.23 0.15
0.9 111 0.08
1.0 1.00 0.00

[0, 1.1] by [-0.2, 0.6]
Quadratic:
A= —0.91a2 + 0.54a +0.34

LN

/ Y
[-0.5, 1.5] by [-0.2, 0.6]
Cubic:

A= 1.74a3 — 3.78a% + 1.86a + 0.19

™

/

[-0.5, 1.5] by [-0.2, 0.6]
Quartic:
~ —1.92a* + 5.96a% — 6.87a2
+ 2.71a+ 0.12

)

! A

[-0.5, 1.5] by [-0.2, 0.6]

Quadratic: A = 0.42;

cubic: A = 0.45;

quartic: A = 0.46

f’(x) isaquadratic polynomial, and as such it
can have 0, 1, or 2 zeros. If it has 0 or 1 zeros,
then its sign never changes, so f (x) has no
local extrema.

If f'(X) has 2 zeros, then its sign changes
twice, and f(x) has 2 local extrema at those
points.
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24. continued
(b) Possible answers:
No local extrema: y = x3;
2 local extrema: y = x3 — 3x
25. 18in. by 18in. by 36 in.
26. (@) x=12cmandy = 6cm
(b) x=12cmandy = 6cm

27. Radius = V2 m, height = 1 m, vqume%W m3
28.(a) a= 16 (b) a=-1
v 23— a , s
29.f'(x) = —z so the only sign changein f '(x)
U3

occursat x = @) , where the sign changes from

negative to positive. This means thereisalocal

minimum at that point, and there are no local

maxima.

30.(@ a=—-3andb= -9
(b) a=—-3andb=—-24
3L 32m cubic units

32. (a) 4V3in. wideby 4V6 in. deep
(b)

[0, 12] by [—100, 800]

pa

[0, 12] by [—100, 800]
Changing the value of k changes the maximum
strength, but not the dimensions of the
strongest beam. The graphs for different
values of k look the same except that the
vertical scaleis different.

33. (a) 6in. wideby 6\V/3in. deep
(b)

(©

[0, 12] by [—2000, 8000]

33. continued

(©

[0, 12] by [—2000, 8000]
y = X3(144 - X2)JJ2
Changing the value of k changes the maximum
stiffness, but not the dimensions of the stiffest
beam. The graphs for different values of k ook
the same except that the vertical scaleis
different.

34. (a) Maximum speed = 107 cm/sec;

1357

position at thosetimesiss = 0 cm
(rest position);
acceleration at those timesis 0 cm/sec?

(b) The magnitude of the acceleration is greatest
when the cart is at positionss = =10 cm;
The speed of the cart is 0 cm/sec at those
times.

35.2\V/2 amps Ve
36. The minimum distanceis 75

37. The minimum distanceis 2.

38. No. It has an absolute minimum at the point (% %)

39. (a) Becausef(x) is periodic with period 27r.
(b) No. It has an absolute minimum at the point
(7, 0).
40. (a) Whenever tisan integer multiple of 7 sec.

(b) Thedistanceis greatest whent = 27 and

3
4?77 sec. The distance at those times is3—\2/§ m.

41. (a) Att=§secandatt=4?wsec

(b) The maximum distance between particlesis
im.

(©) Neart=%secandneart=4%sec

2.0="
6

43. (8) Answerswill vary. (b) x = % = 6.375in.

() Minimum length = 11.04 in.
amwm=S 45. x = S 10

=50+ <
2 2



46. Let P be the foot of the perpendicular from A to
the mirror, and Q be the foot of the perpendicular
from B to the mirror. Suppose the light strikes the
mirror at point R on the way from A to B. Let:

a = distancefrom Ato P

b = distancefrom B to Q

¢ = distancefrom P to Q

x = distance from P to R
To minimize the time is to minimize the total
distance the light travels going from Ato B. The
total distanceis

D(x) = (x2 + a®¥2 + ((c — x)2 + b?)V2,

Then D’(X) = 0 and D(X) has it minimum when
a+b a
c—x=-_LC yor &=X = _C _ Thismeansthat
a+b b a+b

the two triangles APR and BQR are similar, and the
two angles must be equal.

47. Theratevis maximum when x =

The rate then |sk%

N |

48. (a) (éi_d\r/ = cr (2ry — 3r) which is zero when

r =

w(N

o

N

[0, 0.5] by [—0.01, 0.03]

(b)

49. 67 people

50. (@) q= /ZkTm
(b) g= /m(thesameamountasm(a))

51. p(X) = 6x — (x3 6x2 + 15x), x = 0. This
function has its maximum value at the points (0, 0)
and (3, 0).

52. x = 10items

53.(a) y'(0)=0 (b) y'(-L) =
(c) y(O)=0,s0d=0.y'(0) =0,s0oc= 0.

Theny(—L) = —aL®+ bL? = H and
y'(—L) = 3aL2 — 2bL = 0.
Solving, a = 2% andb = 3% which gives

the equation shown.
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SNl

b) Whena = 4; r—4— h——,
(
3 3

_ih_s_%

54. (a) V(X) = —<

whena=5:r

whenazs:r—zx/é h—2\/_'

whena=8.r = & h—8\3/‘;’
(© -=V2
55. (a) The x- and y-intercepts of the line through R
andTarex—f,?X) —xf'(x)
respectively.

The area of the triangle is the product of these
two values.
(b) Domain: (0, 10)

N\

[0, 10] by [—100, 1000]
The vertical asymptotesat x = O and x = 10
correspond to horizontal or vertical tangent
lines, which do not form triangles.
(c) Height = 15, whichis 3 timesthe
y-coordinate of the center of the ellipse.
(d) Part (a) remains unchanged.
Thedomainis (0, C) and the graph issimzilar.
3C

The minimum area occurs when x2 =

From this, it follows that the triangle has
minimum areawhen its height is 3B.

Linearization and Newton’s Method
(pp- 220-232)

Quick Review 4.5

1. 2x cos (x2 + 1)
1—-cosx— (X+ 1)sinx

2.

(x+ 1)2
3. x= —0.567 4. x= —0.322
hhy=x+1 6.y=2ex+e+1
7.(a) x=—1 () x=-2"1< 0684

2e
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8 x f [ o 12, Center = 8,L(x) = X + &
07 |-1457 | —17 e’
0.8 —~1688 | —18 13. Center = 1, L(X) = 2 + 2 or
09 |-1871 | —19 Center = 15, L0 = % + 2
10 |[-2 ) 25 25
1.1 [-2069 | —21 14. Center = % L(X) = —X + %
12 |—2072 | —22 15. x ~ 0.682328
13 [-2003 | —23 16. X ~ —1.452627, 1.164035
9 17. x ~ 0.386237, 1.961569
18. x =~ +1.189207
19. (a) dy = (3x2 — 3) dx
(b) dy = 0.45 at the given values
20. (a) dy = 22
[0, ] by [-0.2, 1.3] ' (a+ X2)2 -
10. (b) dy = —0.024 at the given values
/ 21. (a) dy = (2xInx + x) dx
/ (b) dy = 0.01 at the
given values
ﬁ 1-—2x2
[

-17by[-22]
(b) dy = —0.2 at the given values
Section 4.5 Exercises 23. (a) dy = (cosx) eS"*dx
1. (@) L(x) = 10x — 13 (b) dy =0.1atthe Epven valuasx
(b) Differsfrom the true value in absol ute value 24. (a) dy = csc (l - §) cot (l - 5) dx
by lessthan 101 - -
4 9 (b) dy = 0.205525 at the given values
2. (a) L(X) = _gx + g 25, (a) dy — dx
. . (x+ 1)2
(b) Differsfrom the true value in absolute value
by lessthan 103 (b) dy = 0.01 at the given values
3.(8) Ly =2 _ 26. (a) dy = 2xsec (2 — 1) tan (X2 — 1) dx
(b) Differsfrom thg true value in absolute value (b) dy ~ 1.431663 a the given values
by lessthan 10~2 27. (a) 021 (b) 0.2
4. (a) L(X) =X . (c) 0.01
(b) Differsfrom the true value in absolute value 28. (a) 0.231 (b) 0.2
by lessthan 102 (c) 0.031
5@ LX) =x—m 2 1
(b) Differsfrom the true value in absolute value 29. (a) T (b) 5
by lessthan 103 © 1
6.(a) L(Y) = —x+ = 55
. 2 _ 30. (a) 0.04060401 (b) 0.04
(b) Differsfrom th? 5t)rue value in absolute value (c) 0.00060401
by lessthan 10 1 31. 4ma®dr 32. 8radr
7. f(O) = 1. Also, f (X) = k(l + X) ,s0f (0) = k. 33. 3a2 dx 34. 12a dx
Thismeans the linearization at x = 0is 35. 27ah dr 36. 271 dh
L(x) = 1 + kx. 37.(a) x+1 (b) f(0.1) = 1.1
8.(a) 1— 6x (b) 2+ 2x , (c) Theactual valueislessthan 1.1, since the
() 1-— g (d) V2 (1 + Xf) Ejgric\)/altt]iveisdecreasi ng over the intervel
© 4113(1 + 5) ) 1- 2 38. (a) 0.08m ~ 02513 (b) 2%
4 6 + 3x

39. The diameter grew 2 ~ 0.6366 in.
s

9. The linearization is 1 + =X It is the sum of the two _ _
2 The cross section area grew about 10 in?.

individual linearizations.

40. 3%
_ 100 _ 1
10. (8 =12 |1-092 12/ <10 41. The side should be measured to within 1%.
(b) = 1.003, |V 1.009 — 1.003| <10°° 42. 1807 =~ 565.5in3

11. Center = —1,L(X) = —5



47.
48.

49.

50.

51.

52.

. The angle should be measured to within 0.76%.

Thisisalso =0.01 radian or
=~ +0.57 degree.

. The height should be measured to within é%
45.
46.

(8 Within0.5%  (b) Within 5%

The variation of the radius should not exceed 27100

of theidea radius, that is, 0.05% of the ided
radius.

About 37.87to 1
(@) dT = —7LY2g=32 g
(b) If gincreases, T decreases and the clock
speeds up. This can be seen from the fact that
dT and dg have opposite signs.
(c) dg= —0.9765, so g = 979.0235
If f'(x,) # O, then x, and all later approximations
are equal to x,.
1/2
andx, =h— hT
2h]J2

If x;, = h, thenf’(x)) = 2h1’2

=h-2h=—hlfx = —h,

thenf’(x,) = andx, = —h + 2h =h.

2h1/2

S

1

[-3,3] by [-05, 2]

Xy = =2, X3 =

e =20
-
e

[-10, 10] by [-3, 3]
(@ by="f(a),b, =f'(a),and b, =

(b) 1+ x+ x?

(c) Asonezoomsin, the two graphs quickly
become indistinguishable. They appear to be
identical.

(d) The quadratic approximation is
1-(x—1)+ (x— 1=
As one zoomsin, the two graphs quickly
become indistinguishable. They appear to be
identical.

(e) Thequadratic approximation is
2
1+2-X
2 8
Asone zoomsiin, the two graphs quickly
become indistinguishable. They appear to be

identical.

4,x, = —8,and x5 = 16;

f /I(a)
2
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52. continued
(fy Forf: 1+ x;
forgl—(x—1)=2-x;
forh: 1 + g

53. Just multiply the corresponding derivative
formulas by dx.

54, Iimtanx lim sin x/cos X
Xx-0 X x-0 X
=I|m< 1 ﬂ)
X-0\COSX X
N 1 sinx
~{fim o fm <2
=DOO» =1
55. g(a) = ¢, soif E(a) = 0, theng(a) = f(a) and
¢ =f(a). Then
E() =100 —9(x) =f(x) — f(a) — m(x — a).
Thus, B _ 109~ 1(a) - m.
X—a X—a
Iimf(x) ;(a) f'(a), soif the limit of

X—a

()

|szero thenm = f'(a) and g(x) = L(X).

Related Rates
(pPp- 232-241)

Quick Review 4.6

1. V74 2. Va? + b?

3.71_2)/ 4, —ytrsny
2X+2y—1 X + X CoSy

5. 2X COs? y 6.2x+2y—1

7. One possible answer:
X=-2+6,y=1—-40=t=1

8. One possible answer:
X=5,y=—-4+40=t=1.

9. One possible answer:
™ t <37 3w
2 2
10. One possible answer:

37T<t<277

Section 4.6 Exercises

dA E as _ d_
3.(a)ﬂ= dh d—V=2 hd—
dt it

(© ——wr2@+2 rh—
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4.8 Lo d 2R
ot a

» dR

dl
= a oL
(b) 0= 2RI ” + 1 e or,

2- (BB

X—+y—+2z2—
gs dt Ya "%

dt V222
6.%=1<bsin0%+ asinO@Jrabcosf)%)
dt dt dt

da 2
7. (&) 1volt/sec
av dr di
) —=I1—+R=
© dt dt dt
(d) % = %ohms/%c. Risincreasing since% is

(b) —% amplsec

positive.
8. 7 cm?/sec
9. (a % = 14 cm%sec (b) ‘Z—T = 0 cm/sec

dD
C) — = ——cm/sec
© dt 13

(d) Theareaisincreasing, because its derivative is
positive.
The perimeter is not changing, because its
derivativeis zero.
The diagonal length is decreasing, because its
derivative is negative.

10. (a) 2 m3/sec (b) 0 m?/sec
(c) Om/sec

11 dx _ 3000 mph = 420.08 mph

" dt V51
12, L fymin
16

119

13. (a) 12 ft/sec (b) — ft2/sec

(c) —1radian/sec
14. 20 ft/sec
197

15. —== = 0.0239in3/min
2500

16. (a) ux 11.19 cm/min
327

() 3" < 14.92 cr/min
8

17. (a) 32 < 113 cm/min
91
() —20 ~ —8.49 cr/min
3

18, (8) ———— ~ —0.01326 m/min
2417

or —62—5 ~ —1.326 cm/min

(b) r = V169 — (13 — y)2 = V26y — y2

18.

19.

20.
21.
22.
23.

24,

25

26.

28.
30.

31.

32.

36.
37.

38.

39.

continued
(€) ——>— ~ —0.00553 m/min
288
or —125 0,553 cm/min
T2

V= é7rr3, o - 472 Burs= 4712, so we

3 it ot
are given that ‘:‘j—\t’ = KS = 4kar2. Substituting,

dr . . dr
Akar2 = A7r2= which gives— = k.
i T ot wnicn giv at

(@ 1ft/min (b) 407 ft2/min

(@) 2 ft/sec (b) —= radian/sec
2 20

11 ft/sec

dc _ g3 d _gg d_
@ pm 0.3, p 0.9, ot 0.6

dc dr dp

— = —1.5625, — = 3.5, -~ = 5.062
(b) pm 5625, p 3.5, ot 5.0625
€] 10 0.354 in./min

9

(b) -2 = 0509 in./min
5

A 486 6577 Limin2
dt 1681
1 radian/sec 27. % radian/sec
—5m/sec 29. —3ft/sec
—1500 ft/sec
In front: 2 radians/sec;
Half second later: 1 radian/sec
1.6 cm2/min 33. 80 mph

. 7.1in/min 35. —6 deg/sec
29.5 knots
@) 2—54 cm/sec (b) 0 cm/sec
© ——2%_ _ 000746 ci/sec

160,801

(@) —46 cm/sec (b) 2 cmisec
(c) —88cm/sec
(@) The point being plotted would correspond to a

point on the edge of the wheel as the wheel
turns.

(b) One possible answer:
0 = 16m7t, wheret isin seconds.



39. continued
(c) Assuming counterclockwise motion, the rates
are asfollows.
g="T: X _ 71086 ft/sec
4 dt
% ~ 71.086 ft/sec
6="T: X 100531 fi/sec
2 dt

40.

41.

W N

= 0 ft/sec

~ —100.531 ft/sec

(a) One possible answer:
x=230cosf,y=40+ 30sino

(b) Assuming counterclockwise motion, the rates

dy
dt
0= & _ O ft/sec
dt
dy
dt

are asfollows.
Whent = 5: % — 0 ft/sec

% ~ —18.850 ft/sec
Whent = 8 % ~ 17.927 ft/sec

N _ 5805 ft/sec
dt

(a) 9% per year
(b) Increasing at 1% per year

- Chapter 4 Review Exercises

(Pp- 242-245)

. No global extrema
. (@) [—1,0)and [1, =)

(b) (=, —1] and (0, 1]

() (=, 0)and (0, =)

(d) None

(e) Local minimaat (1, €) and (—1, €)
(f) None

(@ [-V2, V7]

() [-2, V2] and [V'2, 2]

(@ (=20 (d) (0,2

(&) Loca max: (—2,0) and (V2, 2);
local min: (2, 0) and (—V/2, —2)

(f) 6,0

. (8) Approximately (—«, 0.385]

(b) Approximately [0.385, =)

(c) None (d) (==, )
(e) Local maximum at = (0.385, 1.215)
(f) None

6.

7.

8.

9.

10.

11.

12.
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(@) [1,) (b) (=, 1]
(© (—,) (d) None
() Local minimum at (1, 0)
(f) None
(@ [0, 1) (b) (=1,0]
© (=11 (d) None
() Local minimum at (0, 1)
(f) None
(@) (=, —2713] = (=, —0.794]

(b) [-2713,1) = [—0.794, 1) and (1, =)
(©) (—o, —213) = (—o», —1.260) and (1, )
(d) (—1.260, 1)

() Local maximum at

(_2—1/3, 2, 2—1/3) ~ (—0.794, 0.529)

3
) (—2”3,% : 2”3) ~ (~1.260, 0.420)
(a) None (b) [—-1, 1]

(© (-1,0 (d) (0,1)

(e) Local maximum at (—1, m);
local minimum at (1, 0)

0 o3

@ [-V3,V3

(b) (—%, —V3] and[V/3, )

(c) Approximately (—2.584, —0.706)
and (3.290, )

(d) Approximately (—o, —2.584)
and (—0.706, 3.290)

(e) Local maximum at
(\/5, \/54_ 1) ~ (1732, 0.183);
local minimum at

(_\@, #) ~ (~1.732, —0.683)

(f) =(—2584, —0.573), (—0.706, —0.338), and
(3.290, 0.161)

@ (0,2 (b) [-2,0)

(c) None (d) (—2,0)and (0, 2)

() Local maximaat (—2,In2)and (2,1n 2)

(f) None

(a) Approximately [0, 0.176], [0.994, ﬂ
[2.148, 2.965], [3.834, 37”] and [5.591, 277}

(b) Approximately [0.176, 0.994], E 2.148},

[2.965, 3.834], and [37“ 5.591}

(c) Approximately (0.542, 1.266), (1.876, 2.600),
(3.425, 4.281), and (5.144, 6.000)

(d) Approximately (0, 0.542), (1.266, 1.876),
(2.600, 3.425), (4.281, 5.144), and (6.000, 27)
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12. continued 19.f(x) = —x4—e X+ C
. _ T 4
(e) Local maximaat ~(03.176, 1.266), (E’ 0) 20.f(x) = secx + C
and (2.965, 1.266), (7, 2), and (2. 1); 21109 = 2Inx+ 23+ x+ C

local minimaat =(0, 1), (0.994, —0.513),

22, f(x) = §x3/2 +ox¥2 4 C
(2.148, —0.513), (3.834, —1.806),

23.f(X) = —cosx + sinx + 2

and (5.591, —1.806) 28 f() = 3x¥3 4 X ¢ X2 3L
4 3 2 12
Note that the local extremaat x =~ 3.834, 25. s(t) = 4.9t2 + 5t + 10
3 26. S(t) = 16t2 +20t + 5

X = Py and x = 5.591 are also absolute
27. L(x)=2x+§— 1

extrema. \/_
(f) ~(0.542, 0.437), (1.266, —0.267), 28. L(x) = V2x — WTZ +V2
(1.876, —0.267), (2.600, 0.437), _ _
(3.425, —0.329), (4.281, 0.120). 29. L9 = =x+ 1 30 LG9 = 2+ 1
(5.144, 0.120), and (6.000, —0.329) 31. Globa minimum value of > ax=2
13. (a) (o, i] 2. T (b) P
val o 33.(3) (0.2] (b) [-3,0
(b) (—o, 0] and [— oo) (©) Loca maximaat (3, 1) and (2, 3)
V3 34. The 24th day
(© (=,0) (d) (0,) 35. y
oL
(e) Local maximum at i
2 16 )
£ 22 )~ (1.155, 3.079) S L
(\/é 3V3 -3 \ 3
(f) None '\/_
14. (a) Approximately [—0.578, 1.692] NSV =T
(b) Approximately (—o, —0.578] and [1.692, ) -3t
(c) Approximately (—oe, 1.079) o ]
(d) Approximately (1.079, <) 36. (a) Absolute minimumis—2atx = 1,
(e) Local maximum at ~ (1.692, 20.517); absolute maximumis 3at x = 3
local minimum at ~ (—0.578, 0.972) (b) None
(f) =~(1.079, 13.601) (©) y
15. (a) [o, g} (b) (—,0] and E oo) st
2 2 I
© (-=-3) @ (-5 0)ad@=) ot
1 1 3 4%

(e) Local maximum at A

~ (0.889, 1.011); -
_3 -

local minimum at (0, 0)
5 37. (&) f(X)iscontinuouson [0.5, 3] and differentiable
() =(~3.0667) on (05, 3).
(b) Approximately [0.215, 2) and (2, =) (d) y = 1457x = 1.579
(c) Approximately (2, 3.710) 38.(a) V() = —3t°— 6t + 4
(d) (—c°, 2) and approximately (3.710, ) (b) a(t) = —6t — 6

() Local maximum at =~ (0.215, —2.417) (© The_ partiqlestgrts at position 3 .movi nginthe
(f) ~(3.710, —3.420) ' positive dlll’eCtIOI’l, but decel erating.
17. (a) None ’ (b) Atx=—1 At approximately t = 0.528, it reaches
() Atx=0andx =2 pos_tl on 4.128 and phanges d|r§x:t|on, _
18. (a) Atx=—1 (b) Atx =2 beginning to move in the negative direction.
1 After that, it continues to accelerate while

© Atx=2 moving in the negative direction.



39.

40.

41.

42.
46.
47.
48.
49.

50.
51.

52.
53.

55.
56.

57.

58.

60.

62.

@ Lx)=-1

(b) Usingthelinearization, f(0.1) = —1

(c) Greater than the approximation in (b), since
f’(x) isactualy positive over the interval
(0, 0.2) and the estimate is based on the
derivative being 0.

(@ dy = (2x — x®)e X dx

(b) dy =~ 0.00368

2701.73
@y 1+ 17.28e0-36x

[0, 20] by [—300, 2800]

(b) In 1998. There are approximately 1351 million
transactions in that year.

(c) Approximately 2702 million transactions per

year
X = 0.828361 43. 1200 m/sec
. 1162.5m 45, r = 25ftand s = 50 ft

54 square units
Baseis6 ft by 6 ft, height = 3 ft

Baseis 4 ft by 4 ft, height = 2 ft
Height = 2, radius = /2
r=h=4ft

@ V(X) =x(15—-2x)(5 - X
(b) 0<x<5

ggﬂ?ﬁuﬁl?ﬂ Y=h6.0191189
[0, 5] by [-10, 70]
() Maximum volume =~ 66.019 in® when
x = 1.962in.

(d) V'(X) = 6x2 — 50x + 75 which is zero at
(2557

~ 1.962.
29.925 sguare units
- % _18142miandy = 2 ~ 13607 mi
V7 Vi
. x=100mandr = P m

K
276 grade A and 553 grade B tires
(&) 0.765 units

(b) Whent = %” ~ 2749
(plus multiples of 7 if they keep going)

Dimensions. baseis6in. by 12in., height = 2in,;
maximum volume = 144 in3

—40m?/sec 59. 5 m/sec

Increasing 1 cm/min 61 % = 4 units/second

125

_ o A5 i
@ h= > (b) e 0.276 ft/min

Section5.1 163

63. 5 radians/sec

64. Not enough speed. Duck!

65. dv ~ 27 or

66. (a) Within 1%

67. (a) Within 4%
(c) Within 12%

68. Height = 14 feet, estimated error = i4—25feet

(b) Within 3%
(b) Within 8%

69.%= 2sinxcosx — 3.

Since sin x and cos x are both between 1 and —1,

2 sin x cos x is never greater than 2, and
therefore% =2 — 3= —1foral vauesof x.

Chapter 5
The Definite Integral

Estimating with Finite Sums
(pp. 247-257)

Quick Review 5.1

1. 400 miles 2. 144 miles

3. 100 ft/sec =~ 68.18 mph 4. 9.46 X 1012 km
5. 28 miles 6. 1200 gallons

7. -3 8. 25,920,000 ft3

9. 17,500 people 10. 176,400 times

Section 5.1 Exercises

L@ v
2_
R
1 2 X
()
2_
2 X
LRAM = 1.25
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2.y
2k
2 X
RRAM = 1.25
y
2+
ATh
2 X
LRAM = 1.25
3-["n [LRAM, [MRAM, [RRAM,
10 [1.32 1.34 132

50 |1.3328 |1.3336 1.3328
100 {1.3332 |1.3334 1.3332
500 | 1.333328 | 1.333336 | 1.333328

4. The area isg. 5. 135
6. 1.0986 7.0.8821
8.2 9. ~44.8: ~6.7 L/min

10. (a) 87in.=7.25ft (b) 87in. = 7.25ft
11. (a) 5220 m (b) 4920 m
12. 3665 ft
13. (&) 0.969 mi

(b) 0.006 h = 21.6 sec

116 mph
n MRAM
10 | 526.21677
20 | 524.25327
40 | 523.76240
80 | 523.63968
160| 523.60900

14.

15. n error % error

10 | 2.61799 0.5
20 | 0.65450 0.125
40 [0.16362 | 3.12 X 102

80 [0.04091| 7.8 x 10~3
160|0.01023| 2 x 10-3

16. (a) S;~ 146.08406
Overestimate, because each
rectangle extends beyond the curve.
(b) 9%
17. (a) S;~ 120.95132

Underestimate
(b) 10%
18. (a) 372.27873m3  (b) 11%
19. (a) 15,465 ft3 (b) 16,515 ft3
20. 31.41593 21. 39.26991

22. (a) 74.65 ft/sec
(c) 146.59 ft
23. (a) 240 ft/sec
(b) 1520 ft withRRAM andn =5
24. (a) Upper: 758 ga; lower: 543 gal
(b) Upper: 2363 gdl; lower: 1693 gd
(c) Worst case: 31.44 h; best case: 32.37 h
25. (a) Upper: 60.9 tons; lower: 46.8 tons
(b) By the end of October
26. The area of the region isthe total number of sales,
in millions of units, over the 10-year period.
The areaunits are
(millions of units/year)years = millions of units.

27. (a) 2 (b) 2V2~ 2828
(© 8sin (%) ~ 3.061
(d) Each areaislessthan the area of the circle, 7.
Asn increases, the polygon area approaches 7.
28. Falsg; look at f(x) = x4, 0=x=1,n= 1
29. RRAM_ f = LRAM_ f + f(x )Ax — f(x;)AX
Sincef(a) = f(b), or f(xy) = f(x,), we have
RRAM_ f=LRAMf.

30. (a)AT—%sm< )n
(b) Ao —ﬂsn< )
lim A, =7

n- o

(©) A; ——r sm<2n>
Angrzsin<2777)

i = 2
lim A, = 7t

n- oo

(b) 45.28 ft/sec

m Definite Integrals
(pp- 258-268)

Quick Review 5.2

1.55 2.20
99
3. 5500 4. Zl k

500

25 ,
5. kZO 2k 6. k; 3k



50
7.5 (22 + 3X)
2,

8.

n
0. -1k = 0if nisodd.
kZD( )

10. —1)k = 1if niseven.
kzo( )

Section 5.2 Exercises

2

1. f X2 dx
(0]
4

1dx

1 X
1

5.f V4 — x2 dx
(0]

7.15

9. —480

11. 2.75
13. 21

15 97
17.

19.

w W Nloy,

N

21.

23.

N
o N
N

O
N
|

Q
N

25.

QD
N

27.

29.

31.

33.

35.

NIRPAWAIFP O NW

37. -3
4

39. =0.9905

4. 32
3

43.(a) O

44. (a) —5,—4, -3, -2,

(b) —88
45. (@) —1

46. (a) 3

10.

12.
14.

16.

18.

20.

22.

24.

26.

28.

30.

32.

34.

36.

38.
40.
42.

(b)

(b)
(b)

5
. j (x2 — 3x) dx
—7

3
j L dx
2 1—X

r
f sind x dx

Nlw

~4.3863
~1.8719
1

-1,0,1,234,5

N|\||\)|\|

Section5.3 165

47. (@) f - +oo
(b) Usingright endpoi nts we have
1 1 n2
= dx = lim
‘[ N- o= n k2
n
= lim —z—llmn{1+1+--+i2].
n- o e k n-oo 2 n
1 1
n(1+—+ +—)>nandn -
22 n2

son<1+i+ +l) S o,
22 n2

48. (3) RRAM = (%) .%+ (Z)Z.

o 5[5 1)-3 ()33

© _; :ﬁ' n(n+1)6(2n+l)
_ nin + 1)(2n + 1)
6n3
im S [(KVP. 1] = jim N0+ D@0 + 1)
@ rler?ckz [(n) n] r!Lno]c 6n3
_1
3

1
(e Becausej x2 dx equals the limit of any
0
Riemann sum asn — <« over theinterval
[0, 1].

m Definite Integrals and

Antiderivatives
(pp- 268-276)

Quick Review 5.3

1. sinx 2. CoS X
3. tanx 4. cot X
5. sec x 6. In(X)
n _ 2*In2
7. X 8. 2+ 12
9. xeX + € 10,
xc+1
Section 5.3 Exercises

1@ 0 (b) —8

(o —12 (d) 10

(e -2 (f) 16
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2. (@) 2 (b) 9 31.0 32.0
() —2 d) 1 1 (1
(e -6 f) 1 33.ESL1+X4dXSl
3.(a) 5 (b) 5V3 g8 (05 1 1
(© -5 d) -5 34.ES A 1+X4dX§E
4.(a) —V2 (b) V2 1_f 1 8
(© —V2 (d 1 2 b1+ T
5 (@ 4 (b) —4 49 (1 33
6.(a) 6 (b) 6 B b1 ™=
7. —14 8. 10 1 _
91 10, —2 35, OSL sin () dx = sin (1) < 1
_ 7 1 1 1
-1 12 36.[\/§dxsfvx+8dxsf\/§dx
0 0 0
13. % 14. 7 1
2 3 2\/§sJ\/x+8dx53
15. €2 — 1~ 6.389 16. 6In 2 =~ 4.159 0 b
17. % 18. 16 37.0=(b—a) minf(x) SL f(x) dx
b
19_% 20% 38.Lf(x) dx = (b — a) max f(x) = 0
21.

1 b b
39. Yes; av(f) = -1 [ 10 i, therefore [ £ dx
- a a

b
= av(f)(b - ) = | au(f) dx

40. (a) 300 miles (b) 8hours
[0,3] by [-1,8] (c) 37.5mph
22
a) 6 b) = 1
(@ (b) 3 (d) Averagespeedismtal dlst??r(r:]itravelled for the
22.
whole trip.
/ dl+d2#1<ﬁ+&)
L+t 2\ b
0,2] by [—5, 3]
[ ]ZY[ 5,3 41.Avgrate=t0tala'£;l;?itr;2|eased
@ -3 (b) 3 2000 m? 1
= =13=m¥min
23. 100 min + 50 min 3
42. 1 43, U
2 6
1 1
\ 44. () A= (b)() = 5bh
[0.3] by [-3,2] ) 2+ C
(8 0 DR 2
A b
3 _hyelp_ho?_1
24 © Ly(x) ox 2" }o 2b 2bh
' / 45. k ~ 2.39833
b b
46. [ F'( dx= | G'(x) dx ~ F(b) — F(a) =
G(b) — G(a)
(& -2 (b) 13
3 3 Fundamental Theorem of Calculus
25.0,ax=1 26. — . x = V3 (pp. 277-288)
27. —2, atx = - 28. 1, ax=0,x=2
V3 4 Quick Review 5.4
— a7

N W

29. 30. 2 1. 2x cos X2 2. 2sin X Ccos X



3.0 4.0
1
5. 2¥In 2 6. ——
2V/x
—XSINX — COS X
9 Y*+1 10. L
2y - X " 3x
Section 5.4 Exercises
1.5 In6~ 3.208 2 —%~ ~7.889
3.1 4.10V5 ~ 22.361
5 2 6.1
2
7.2 8. 7
9.2\V3 10. 2V/3
11. 0 12. 4
13.8 14. 0
3
5
15. 2 16. 12
2
17. % 18. 8
2
19. (&) No, f(x) = _11 isdiscontinuous at x = —1.

20.

21.

22.

23.

24.

25.
27.

29.
31.
33.

35.

(b) —g. f(x) is bounded with only one
discontinuity. Splititupatx = —1,
or use area_

(@) No, f(x) = |s discontinuous at x = 3.

(b) _E' See19(b).

(@) No, f(x) = tan x is discontinuous at

=7 andx =37,
2 2

(b) No,f tanxdx - wash o 7,

2
X + 11 isdiscontinuous at x = 1.

(@) No, f(x) =
(6) No, [ 2
(@) No, f(x) =

(b) =2.55. Area isfinite, 2 T is bounded with
only one discontinuity

X+ldX—»OOaSb—>l+

sinx
—_— |sd|scont|nuousat x=0.
X

(@ No, f(x) = COSX isdiscontinuous at x = 0.
(b) =~2.08. See23(b).
g 26.3
w 28.V3 - z
~3.802 30. =1.427
~0.914 32. =8.886
x = 0.699 34. =0.883
3

36.
37.

39.

41.
42.
43.
45,
47.
49.

50.

52.

53.

55.

56.

Section5.4 167

sin2cos2 — 2z

> —1.189
V1+x2 38. —%
sin x
== 40. 2 cos (2x)
2V'x
3%2 cos (2x3) — 2x cos (2x?)
—SiN X Cos? X — Sin? X coS X
(d) 44. (o)
(b) 46. (a)
X=a 48. f(x) = 2x — 2
L(x) = 2 + 10x
jﬂ'/k . kX d _ 2

1 51. i sin X = P

125 25
(@ = (b) Y
(@ 0

(b) Hisincreasing on [0,6] where
H'(x) = f(x) > 0.

(c) Hisconcave up on (9,12) where
H"(x) = f'(x) > 0.

12
(d) H(12) = f f(t) dt > 0 because there is more
(6]
area above the x-axis than below for y = f(x).

(e) x=6sinceH’(6) = f(6) = 0and
H"(6) = f'(6) < 0.
(f) x=0sinceH(x) > 0on (0, 12].

. (@ s'(5) = f(5) = 2 units/sec

(b) s'(5) = '(5) <0

© 3= " £ dx 29 = 2 units
0

(d) s'(6) =1(6) =0,s"(6) =f'(6) <O0soshasits
largest value at t = 6 sec.

(e s"(t) =f'(t) =0att=4secandt = 7 sec.

(f) Particleis moving toward on (6, 9) and away
on (0, 6) sinces’(6) = f(t) > 0on (0, 6) and
thens'(6) = f(t) < O0on (6, 9).

(g) The positive side

(@ s’} =f(3)=0 (b) B =f'(3 >0

3
(©) s(3) = f f(x) dx = —1(3)(6) = —9units
o) 2
6
(d) () = Oatt = 6secbecausefof(x) dx=0

(e) s"(t) =f'(t) =0att=7sec

(f) 0<t<3s<0,8 <00 away
3<t<6:5<0,8>00 toward
t>6:5>0,8>00 away

(g) The positive side

(@) f(t)iseven, sof f(t)dt =
0 — f £(t) ot =
(b) O

0
£(t) d,

—X

ffmmzﬂﬁmm
(© ki k=+1 +2, ..
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56. continued
(d)

e

]

[—20, 20] by [-3, 3]

57. (@) $9

58. $4500

59. (a) 300 drums (b) $6.00

60. (@) True,h'(x) =f(x) O h"(x) = f'(X)
(b) True, hand h' are both differentiable.
(o h@=f1)=0
(d) True, h"(1) =f'(1) <O0andh’'(1) =0
() Fase, h"() =f'(1) <0
(f) Fase, h" () =f'(1)#0

) True% —f() =0atx=1andh’(x) = f(x)
is adecreasing function.

(b) $10

61. Using area, jxf(t) dt = —fo £(t) dt = j_xf(t) dt
0 —X 0
62. Using area, foxf(t) dt = f_o £(t) dt = —f;xf(t) dt

X . d X _
63. f odd [ fof(t)dnseven, but&fof(t)dt—f(x)
so f isthe derivative of an even function. Similarly

for f even.
64. x ~ 1.0648397. lim S‘T”t — 0. Not enough area

tooe

between x-axis and % for x > 1.0648397 to get

t
or: Si(x) doesn't decrease enough (for
X > 1.0648397) to get back to 1.

f SNt 4t pack to 1.
0

Trapezoidal Rule
(pp- 289-297)

Quick Review 5.5

1. Concave down
3. Concave down
5. Concave up
7. Concave up
9. Concave down

Section 5.5 Exercises

1l (a) 2
(© 2

2. Concave up

4. Concave down

6. Concave down

8. Concave up
10. Concave down

(b) Exact

2.(a) 275 (b) Over
© 3

3.(a) 425 (b) Over
(c 4

4. (a) 0.697 (b) Over
(c) In2=0.693

5. (a) 5.146 (b) Under
© 2

6. (a) 1.896 (b) Under
(c) 2

7. 15,990 ft3

8. (a) 26,360,000 ft3 (b) 988

9. 0.9785 mi

10. (a) 12 (b) 12,[EJ=0

(c) f@(x) = 0forf(x) = x3 - 2x, 50 M; = 0.
(d) Simpson's Rule will aways give the exact
value for cubic polynomials.

11. The average of the 13 discrete temperatures gives

equal weight to the low values at the end.

12. (b) We are approximating the area under the
temperature graph. Doubling the endpoints
increases the error in the first and last
trapezoids.

13. §;; = 3.1379, 5}, = 3.14029

14. §;, =~ 1.08943, S, =~ 1.08943

15. 5, = 1.3706, S}y, = 1.3706 using a = 0.0001 as
lower limit
S,y = 1.37076, S,, = 1.37076 using

a = 0.000000001 as lower limit
16. S, = 0.82812, S, = 0.82812
17. () T, = 1983523538, T,,, = 1.999835504
Tyo00 = 1.999998355

®) T =

10 | 0.016476462 = 1.6476462 X 102
100 1.64496 X 104
1000 1.645 x 1076

© [Er,| =102 x|E;]

M
(d) ETn = W ‘ETlon
= ™M 1072
12n2
18. (a) SlO = 2.000109517

S0 = 2.000000011
Sioo = 2

n Ed

10 |1.09517 x 1074

100 1.1x 1078
1000 0

< M
12(10n)?

(b)




18. continued
©) ‘Esm\ ~ 1074 X ’Esh‘
M(m)° M(m)°
(d) ‘E%‘ = 18on®" ‘ESmn = 180(10n)*
= M@° -4
180n4

19. (a) f"(X) = 2 cos(x?) — 4x2sin (x2)

T
/ y

(=1 1] by [-3,3]
() Thegraph showsthat —3 < f"(x) =< 2 for
-1=x=1

@ &= C0maE) -

h2 _ 0.12
@© [El= 5= <01
f) n=20
20. (@) —48x3 cos (x?) + 16x*sin (x?) — 12sin (x?)
(b)

[—1, 1] by [-30, 10]

(c) The graph showsthat —30 < f 4(x) =< 0,
for —1<x<1.

~1-(Da _ht
(d) |Ed = 180 fh )(30) =3
e [Ed= % = % <0.01

f) n=5
21. 466.67 in? 22. 10.63 ft

23. Each quantity is egual to
g(yO + 2y, + 2y, o+ 2y, 4 Y
24. Each quantity is egqual to
g(yO +Ay, + 2y, Ayt 2,
+ WYon 1t Vo)

Chapter 5 Review Exercises
(pp- 298-301)

Chapter 5 Review

1 2
4.3.75
y
ak-
2_
i 27X
5.3.75
y
4+
2_
I 2"
6.4
["n | LRAM, [MRAM, [RRAM_
10 | 178204 | 1.60321 | 1.46204
20 | 169262 | 1.60785 | 1.53262
30 | 166419 | 160873 | 155752
50 | 1.64195 | 160918 | 1.57795
100 | 162557 | 1.60937 | 159357
1000| 1.61104 | 1.60944 | 1.60784
8.In5

169
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9. (a) True
(c) Fase

10. (@) V =Ilim _iwsinz (m) Ax

(b) True

(b) 4.9348
11. (@) 26.5m
(b) s

30

Position (m)

1 1 1 1 1 1 1 1 t
10
Time (sec)

10 10
12. (@) [ x®dx (b) [ xsinxdx
010 010
© fo X(3x — 22 dx (d) jo (1 + x2)~L dx

10
_ g ™
(e) L 77(9 sin 10>dx

13. 10 14. 2
15. 20 16. 42
17. % 18. 16
19. 3 20. 2
21. 2 22.1
23.V3 24. 1
25.8 26. 2
27. -1 28.0
29.2In3 30. 7
31. 40 32. 64
33. (@) Upper =4.392L; (b) 42L
lower = 4.008 L

34. (a) Lower = 87.15ft; (b) 95.1ft
upper = 103.05 ft
35. One possible answer:
The dx isimportant because it corresponds to
actual physical quantity Ax in a Riemann sum.
Without the Ax, our integral approximations would

be way off.
36, 16

3
37.1=V1+smx=V2
38. (a) % (b) §a3/2
39. V2 + cos® x 40. 14xV2 + cos® (7x3)

-6 2 1

41'3+x4 42'4x2+1 x2+1
43. $230

44. av(l) = 4800 cases,
average holding cost = $192 per day
45. x = 1.63052 or x = —3.09131

46. (a) True (b) True
(c) True (d) False
(e) True (f)y False
(g) True

*sint
y=| =—dt+
48.y L . dt+ 3
49. Usethefact thaty’ = 2x + —i.

47. F(1) — F(0)

50. (b);
Qszﬁy=x2+c.y(1)=4_>c=3

dx
51. (a) =2.42gd (b) =24.83 mpg

52. (a) 6,144 ft
(b) 4,296 ft (c B
53. (@) h(y; +yy) + 2(2hy,) = h(y; + 4y, + ¥s)
(b) Each expressionis egual to
1
300 + 41 TY)) + hly, + 4y; +,)
ot (Yoo + 4o+ Yon)

54.(@ 0 (b) -1
() —7 (d) x=1
@y=22x+2-7 () x=-1x=2
@ [-2m 0]

55. (@) NINT(e 2, x, —10, 10) ~ 2.506628275
NINT(e %2, x, —20, 20) ~ 2.506628275
(b) Theareais'V 2.
56. ~1500 yd3
2 (Vmax)2
\Y/

V — max
rms 2

(b) =339 valts

Chapter 6
Differential Equations and

Mathematical Modeling

m Antiderivatives and Slope Fields

(pp- 303-315)

Quick Review 6.1

1. $106.00 2. $106.14
3. $106.17 4. $106.18
5. 3 cos 3x 6. 2 sec? 2
2 2
7. 2CeX L
X+2



10.

[0.01,5] by [-3, 3]
The graphs appear to be the same.

[-5, —0.01] by [-3, 3]
The graphs appear to be the same.

Section 6.1 Exercises

1

3.

11.
13.
14.

15.
17.
18.

19.

21.

23.
25.

26.

27.

29.
31
32.

3

X?—x2+x+C 2.x3+C

3

e 4.8 —cscx+ C
e4x
= *C 6.Injx+3+C
6 —2 2
X3+ 3x+Cc 8 X +X _x+cC
6 2 2
.2et/2+%+c 10, t43 + C

4

Xy lic 12, 3x43 4 3423 4 ¢
4 2x2 4 2
x4+ C

—3CcosX + cos 3x + C

sin %x +C 16. 2sect + C
2Injx— 1 +Inlx + C

_ cosbx | e

tan5r + C 20, ~ L, ¢
Xpsn, o 22, X SN2 ¢
2 4 2 4
tand — 6 + C 24. —cott—t+C
(@) Graph (b)

(b) The slopeisaways positive, so (@) and (c) can
be ruled out.

(@) Graph (b)

(b) The solution should have positive slope when
X is negative, zero slope when x is zero and
negative slope when x is positive since
slope = % = —X. Graphs (a) and (c) don’t

show this slope pattern.

2y _x_1_1
y=X—Xx—2 28.y > % 2
y=tanx— 2 30.y =3x8 —
y =3x3—2x? + 5x + 10

y = sinX — COSX
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B.y=—-2et+1
3B.y=—-sinbd+6—3
3B.y=—x3+x2+4x+1

37.y=%|n\t|+%t2—%

3
38.y=sin0+cos€—%—20—4
39.s= 4.9t + 5t + 10
40.s= —i(l + cos 7rt)

o

41. s= 16t2 + 20t
42. s= —cost—t+ 2

34.y=Injx -3

43. b N e . — —
oA M e - —
o N L S
oo e = — —
SN - T = —
S - - -
I ! il
T T R e T
I i
WA e e e — — —
(=22 by [-3,3]

44. L e e T )
[ SN
b e T
.'.l'.-")'f/-""-‘\ b
4t oy b
LEEEEr Ea R Y
L B i
[ A el
L R P S N
! LA L e

45-48. The derivative of the right hand side of the
equation is equal to the integrand on the left

hand side.

2
49. (a) y=X—+%+1,x>O

(e) CIZE’ C2: -

2
50. r(x) = x3 — 3x2 + 12x
51. ¢(x) = x3 — 6x2 + 15x + 400
52. () x%e*+ C (b) xsinx+ C
(©) —x%*+ C (d) —xsinx+ C
() x%*+ xsinx+ C
(f) x%*—xsinx+ C

2
) %+x2ex+c (h) xsinx —4x + C

—kt2
53. (a) S=Tkt+88t (b) t=8—k8
(©) k= 16 ft/sec?
54, ~21 5 ft/sec? 55. ~1.240 sec
56. F—as(O):s0 v(0) = v,
57.h= { l§5t + 105/2]
_ 477[ 125, 105,2}6/5
75| a8t
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58. (a) y = 500e0-0475t
In2

(b) t = ~ 146 yr
0.0475
59. (a) y = 1200e0-0625t
_ In3 ~
(b) t= 0,065 17.6yr

60. (a) fotzcostdt+ C (b fotzcostdt+ 1

61. (a) fo tetdt + C

62.(a) y=x3+1
(b) Only one function satisfies the differential
equation and the initial conditions.

(b) [tetdt+1
0

63.

11
| |
Yol
Yo

—_———
R

———
RS

[-6,6] by [-4,4]

The concavity of each solution curve indicates the

sign of y".
64 L

-
R

m———y R
et R
i R
PR |1 (R
R O PR
G R
e e
-'-'/.!'.I'F\\\-H—
Bt LI TSRS

o g

The concavity of each solution curve indicates the

sign of y".

65.

G
e

(=
LR
W

Ealaly Pt IR
Pl Tl R
EER EFS LN

T Pl

]
———T
-
———l

o

]

[—3,3] by [—4,10]

The concavity of each solution curve indicates the

[—2.35, 2.35] by [—1.55, 1.55]

The concavity of each solution curve indicates the

sign of y".
d _1
67. (@) &(Iner C) = Xforx>0

d _1

() S(n() +C) = forx<0
d _1

(©) &In\x| =~ forall x except 0.

dy _ 1
(d) - x for al x except 0.

(pp. 315-323)

Quick Review 6.2

Se
1

3.

11.

13.

15.

17.

19.

21.
23.
25.

27.

28.

29.
30.

31.

33.

35.
37.

39
A

o

41

©NO U W

m Integration by Substitution

E4 5, 16
5 3
N 4,
CA(x3 — 2x2 + 3)3(3x2 — 4x)
. 8sin (4x — 5) cos (4x — 5)
—tan x 8. cot x
SEC X 10. —cscx
ction 6.2 Exercises
.—%cos3x+C 2.%sjn(2x2)+C
%sec2x+c 4. (7x— 24+ C
.%tan*1<§)+c 6. —6VI—r3+C
3
) 3(1 — cosi) +C 8. g(y4 +4y2+1)3+ C
3 2 3
T +C 10. tan (x + 2) + C
2

Stan x¥2+C

In(In6)

%sin(32+4)+c

1 7
= +
7(In X))+ C

%sin(s4’3—8) +C
1

Esec(2t+ D+C
0
1
E|n5%0.805
1
3
2Vexrg+C
In|secx + tanx + C
—Injecscx + cot X + C
E
3
_1
2
10
3
2V3

Ly = Ce(l/Z)X2+2X -5
2 2
Ly = [tan‘1<xZ + C)]

Ly = —In(C— es"‘x)

12.sec<0+%>+c

14,2
3

16. —%(cot x)32 + C

18. L tan® (Z) +C
4 2

20. —% cot (3x) + C

20 _ =6
2+ snt
24.1n9 — In2 =~ 1.504

26. 27

Insec (3x)| + C = —% In|cos (3x)| + C

32.

O wlk

36.
38.

Nlw O

2.y=In(e+C)



43,y =

45. (a)
(b)
©
(d)

46. (a)
(b)

(©

(d)
(€

()

47. (a)

(b)
48. (a)

1

713 44,y = (Inx)*
%(%(x +1)%2 + C) =Vx+1

d d
Because§= VX + land§= Vx+1

A2
3

C=y1—Y%

= [ Vxr 1o [ Vicr Lax
— [Vxriox+ [ Vir ok
- [Vx+ 1o

%[F(x) + C] should equal f(x).

The slope field should help you visualize the
solution curvey = F(X).

X

Thegraphsof y, = F(9 andy, = | f(t) ct
0
should differ only by avertical shift, C.

A table of valuesfory; — Y, should show C.
The graph of NDER of F(x) and f(x) should be
the same.

d X
a) —(\/x2+1+C>=
b) dx Vx2+ 1
T g o [
e | e
E%éi
R
e
[-4,4 by [-3,3]
<) \/
[-4,4by[-3 3
d) X yl_yz
0 1
1 1
2 1
3 1
4 1
€
[-4,4by[-3,3]

%\/1 ~ g ~ 0.081
/10 - 2~ 0081
2 2

1 1
2 ®) 5
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49, Show% = tan x and y(3) = 5.
50. (a) F,(0) = —% cot2 26
(b) Fy(6) = —% csc? 20

(©) F,'(9) =F,(6) = csc? 29 cot 260

@ *

4
51. () sin® + C

(b) —cos?x + C
(c) —% cos2x + C

(d)

The derivative of each expressionis
28N X cosx.

m Integration by Parts
(pp. 323-329)

Quick Review 6.3

1. 2x3cos2x + 3x2sin 2x
e

2. —— + 2eXIn (3x+1)
3x+1
2 P
1+ 4x2 \/l—(X+3)2
5.x=%tany 6. x=cosy — 1
7.2 8.y=1e2X+C
T 2
9.y=%x2—cosx+3

10. iFeX(s‘n X — cosx)] — eXsinx
dx| 2

Section 6.3 Exercises

1. —xcosx + sinx+ C
2.2xcosx + (X2 —2)sinx+ C

L2iny= L2+
3.2y Iny 4y C
.ytan‘ly—%ln(l+y2)+c

4

5. xtanx + In|cosx + C

6.0sn"lo+V1—-62+C

7.(2—-t%)cost + 2tsint+ C

8. —tcott+ Injsint| + C

9. Ldnx— 1yt c

4 16

10. (—x* — 4x3 — 12x2 — 24x — 24)e X + C

11. (X2 — 7x+ 7)e¥+ C
3 2

12. (_X__3i_§_§
2 4 4 8

13. %ey(siny— cosy) + C

14. %e‘y(siny —cosy) + C

)e‘zx +C
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15.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.
30.
31.
32.
33.

34.
35.

36.

2
™ 1074 16.3 -3 - 1101
8 2 4 16
Lre8(2c0os9 + 3sin9) — e 42cos6 — 35N 6
13
~ —18.186
e 4 . eb .
—T(cos4 +sin4) + 7(0056 — sin6)
~ 125.03
y:(x_2_§+i)e4x+c
4 8 32

y=13mx-i3+c
3 9

2
=S lg —2VeT -1+ C

y=0sech —Injsecd + tand| + C
@ = (b) 37
(©) 4m
= 0.726

_ @ 2m
1-e™ 0159

21
@ (x— e+ C
(b) (x2— 2x + 2)&* + C
() (x3—3x2+6x—6)e*+C
n_ dxM , dAx") _1ynd"(x")
@ [X dx - dx? (1) dxn }ex
+ Cor

[X" — nx""1 + n(n—1)x""2 —

+ ()" Yn — Ix + (~1)"(n1)]eX + C

(e) Use mathematical induction or argue based on

tabular integration.

—2(\/>_<cos\/>_< —sn \/>_<) +C

2(V3x + 9 — 1)eV e ic
3

(x8 — 3x* + 6x2 —
2

%[sjn(lnr) —cos(Inr)] + C

2
e’ | ¢

u = X", dv = cos x dx
u=x", dv=snxdx
u= X" dv=e™dx

u=(Inx)", dv = dx

(@) Lety="f"1(x). Thenx = f(y),

so dx = f’(y) dy. Substitute directly.
(b) u=y,dv="f'(y)dy
u="f"1x),dv=dx

37. (a) fsin‘lxdx =xsin"1x+ cos(sin"1x) + C
(b) [sn ixde=xsn"tx+ VI-x2+C
(©) cos(sin"1x)=V1-x?

38. (a) f tan—1 x dx
= xtan~1 x + In|cos (tan~1x)| + C

(b) ftan‘lxdx=xtan‘lx—%ln(lerZ) +C

() In|cos(tan~1x)| = ( )
V1+ %2
- —1|n(1+x2)
39. (a) fcos‘lxdx= xcos 1x —sin(cos™1x) + C

(b) fcos‘lxdx= xcos Ix—V1-x2+C

(¢) sin(cos™1x)=V1-—x?
40. (a) flogzxdx = xlog, x — (ﬁ)z'ogzx +C
(b) flogzxdx = xlog, X — (ﬁ)x +C

(©) 210%% = x

Exponential Growth and Decay
(pp- 330-341)

Quick Review 6.4

la=¢ 2.c=In(d)
3 x=€e—3 4.x=%ln6
=25 _ 5638
In0.85
6.k=—"2 1710
In3—-1In2
7.t=110 51150 8 t=Ltina=1In2
In1.1 2
9.y=—1+e*3 10.y= -2+ ¢!

Section 6.4 Exercises
Most of the numerical answers in this section are
approximations.
1. y(t) = 100el-5t 2. y(t) = 200e0-3
3.y(t) = 50e(0.2In2)t 4. y(t) = 60e—(0.1In2)t
5. 8.06 yr doubling time; $13,197.14in 30 yr
6. 4.62% rate; $8000 in 30 yr
7. $600 initially; 13.2 yr doubling time

8. 7.2% rate; 9.63 yr doubling time
9. (a) 14.94yr (b) 14.62yr
(c) 14.68yr (d) 14.59 yr



10. (a) 8.74yr (b) 8.43yr
(c) 8.49yr (d) 8.40yr
11. (a) 2.8 x 10 bacteria
(b) The bacteriareproduce fast enough that even if
many are destroyed there are enough left to
make the person sick.
12. 1250 bacteria

13. 0.585 days
14. (a) 138.6 days (b) 599 days
15. y =~ 2P4%81t 16. y =~ 1.1e~ 03344

17.y = yge K = y,e K& = y =3 < 0.05y,
18. 5°F
19. (a) 17.53 minuteslonger
(b) 13.26 minutes
20. (a) 53.45° above room temperature
(b) 23.79° above room temperature
(c) 232.5min or 3.9 hours
21. 6658 years
22. (a) 12,571 8.C.
(b) 12,101 B.C.
(c) 13,0708.cC.
23. (a) 168.5 meters
(b) 41.13 seconds
24. (a) 7780 meters
(b) 31.65 minutes
25. 585.4 kg
26. 16.09 years
27. (a) p = 1013e~0121h
(b) 2.383 millibars
(c) 0.977 km
28. (a) 54.88 grams
29. (@) V = Ve 0
(b) 92.1 seconds
30. (a) A(t) = A,
It grows by afactor of e each year.
(b) In3=1.1yr
(c) (e — 1) timesyour initial amount, or = 172%
increase.
31. (b) lims(t) = ﬁzkm

32. (a) % = 0.045 or 4.5%
In131

(b) 10 0.049 or 4.9%
33. §(t) = 1.32(1 — e~ 0-606Y)

34.(a) T— T, = 79.47(0.932)
(b) T = 10 + 79.47(0.932Y)

[0, 35] by [0, 90]
(c) 52.5 seconds
(d) 89.47°C
35. (b) T = T,isahorizontal asymptote.
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—yetpt=1n2
36.(a) 2y,=y,e" Ot .

(b)

[0, 0.1] by [0, 100]
(c) In2=0.69, so the doubling timeis@
which is aimost the same asthe rules.”
(d) 7—50 = 14 yearsor 7—52 = 14.4 years
108

(e) —— (108 has more factors than 110.)
100r 1\X
37. (& X (1 + ;)
10 2.5937
100 2.7048
1000 2.7169
10,000 2.7181
100,000 2.7183
e~ 27183
(b)y r=2 X
X (1 + —)
X
10 6.1917
100 7.2446
1000 7.3743
10,000 7.3876
100,000 7.3889
e? ~ 7.389
r=05
X <1 + %>X
X
10 1.6289
100 1.6467
1000 1.6485
10,000 1.6487
100,000 1.6487
e%% ~ 1.6487

() Aswe compound more times the increment of
time between compounding approaches 0.
Continuous compounding is based on an
instantaneous rate of change which isalimit
of average rates as the increment in time
approaches 0.

38. (b) \/@

(c) 179 ft/sec = 122 mi/hr
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Population Growth
(Pp- 342-349)

3.(a) % = 0.00025P(200 — P)
200

(b) P() =
©

1+ 19e 008

Quick Review 6.5
1. All real numbers
2. lim f(x) =50;lim f(x)=0

X— +o X

3.y=0andy =50 [0, 100] by [0, 250]
4. All real numbers P 1 _
5. 4@ 4 = 75007 (10— P)

e e e e e e e e e

_ 150
/ (b) P(t) = 11 9o 002
(©

[—30, 70] by [~ 10, 60]

no zeros
6. [0, 200] by [0, 200]
/\ 5. —30% 6. 7.5%
] 7.k=004M=100 8 k=004 M = 500
9. (d) 10. (b)

[—30, 70] by [-0.5, 2] 11. (¢) 12. (a)

@) (—», ) 13. (a) k=0.7; M = 1000

(b) None (b) P(0) = 8; Initially there are 8 rabbits.
7 14. (@) k= 1; M = 200

(b) P(0) = 1, Initially 1 student has the measles.
= 15. (a) 0.875% (b) 275,980,017

\/ﬁ 16. (a) About 10.32 yrs

(b) About 44.4 yrs
[—30, 70] by [-0.08, 0.08] 17. (@) P(t) = - 22500225t
a) (—,10In5) =~ (—=, 16.094 + 248 "
8. (1015, 25) ~ (16.094, 25) 18. () P(t) ~ — 220
9.A=3B= -2 1+ 7.9286e~ 01t
10. A = _’2 B=4 (b) 83 yrstoreach 249.5 ~ 250
) ! 19. (a) y= y0e70.00001t
(b) =10,536yrs

Section 6.5 Exercises () ~81.9%
1. () 4P _ 5.025p 20. =13.8yrs o
0) I(Djzt) 75 00002 21. EE\% x = 11,000e”* — 10,000
=195, ' =~ 23 yrs
© [Fii7:77:7 22. (@) p(X) = 20.09el~0.01x
1iriiilg (b) p(10) ~ $49.41  p(90) ~ $22.20
L L L (©) r'(x) = 20.09e00X(1 — 0.01x), sor'(X) > 0
paetne iifuietiies for x < 100 and r’(x) < Ofor x > 100.
_________ _ 18.70
[0, 200] by [0, 1,000,000] 23.(8) ¥ = 157 o750 002
2. () % — 0.019P /-—-’—
(b) P(t) = 110,000€2019t
© Z7
Sx
-
oo [0, 100] by [0, 20]
(b) 18.7 million
(©) x= 1.7 (year 1912);

{0, 100] by [0, 1,000,000] population =~ 9.35 million



24.76
1+ 7.195¢ 00513

24. (@) y=

[0, 50] by [0, 15]
(b) 24.76 million
(c) x= 38.44 (year 1988);
population = 12.38 million

25. Separate variables and rewrite
1

M
PM—P) >
- in order to integrate.

P M-P
_ 16.90
26 (3) ¥ = 1775 139000665

(b) 16.9 million
27.y=ei"x -1
28.y =3+ 2%
2.y=Vx2+4

30. y = @3
3L (& % has the same signas (M — P)(P — m).

1200Ael12 + 100
(b) P(t) = 1 + Aelikii2

_ 300(8etk12 + 3)
© PO = 9 + 2ellk12

(d) o et e e et e e

[0, 75] by [0, 1500]

AMeM—MKIM
(&) P() = "1~ weman Where

_PO-m
M — P(0)
32. (a) Usethe Fundamental Theorem of Calculus.

(b) p(9) = 109.65. Thisisthe price of $100 item
after 9 years during which theinflation rate is

1 Per vear.

(©) $143.33
(d) $168.54

P
33.(a) P(t) = - Ept
0

(b) Vertical asymptoteat t = =
kP,
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Numerical Methods
(pp- 350-356)

Quick Review 6.6

1.9
2.L(x) =9 — 16
3.2

4, L(x)=2x—%+1
5. 0.4875

6.y = 0.4875x + 0.9
7. () 0.001762
(b) 0.061%
8. (a) 0.006976
(b) 0.236%
9. () 0.042361
(b) 1.351%
10. (a) 0.047321
(b) 1.783%

Section 6.6 Exercises
L) =1-2e*=x—f(x)andf(0) = L
2.f' ) =1+eX=x—f(x)andf(Q) = —2.
3.f/(x) = é(zeZX — 2cosx + sinx) = 2f(x) + sinx
and f(0) = 0.
4.f'(X) =e— 2% =1f(x) —ex+1
andf(0) = —1.
5 y=2e"-1
6.y = —dX¥)+2 4 q
7.y = 2+
1

8Y= "1

. X y (Euler) y (exact) Error

0 0 0 0
01 0 0.0053 0.0053
0.2 0.0100 0.0229 0.0129
0.3 0.0318 0.0551 0.0233
0.4 0.0678 0.1051 0.0374
0.5 0.1203 0.1764 0.0561
0.6 0.1923 0.2731 0.0808
0.7 0.2872 0.4004 0.1132
0.8 04090 05643 0.1553
0.9 05626 0.7723 0.2097

1.0 0.7534 10332 0.2797
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10.

11.

X y (Euler) y(exact) Error
0 -2 -2 0
0.1 —1.8000 —1.8048 0.0048
0.2 —16100 —1.6187 0.0087
0.3 —1.4290 -1.4408 0.0118
04  —12561 —1.2703 0.0142
0.5 —1.0905 —1.1065 0.0160
0.6 —0.9314 -0.9488 0.0174
0.7 —0.7783 —0.7966 0.0183
0.8 —0.6305 —0.6493 0.0189
0.9 —0.4874 —0.5066 0.0191
1.0 —0.3487 —0.3679 0.0192
Xy (improved) y (exact)  Error
Euler
-2 2 2 0
-19 1.6560 16539 0.0021
-18 1.3983 13954 0.0030
-17 1.2042 12010 0.0032
-16 1.0578 1.0546 0.0032
-15 0.9478 0.9447 0.0031
-14 0.8663 0.8634 0.0029
-13 0.8077 0.8050 0.0027
-12 0.7683 0.7658 0.0025
-11 0.7456 0.7415 0.0024
-10 0.7381 0.7358  0.0023
-0.9 0.7455 0.7432  0.0023
-0.8 0.7682 0.7658 0.0024
-0.7 0.8075 0.8050 0.0024
-0.6 0.8659 0.8634 0.0025
-05 0.9473 0.9447 0.0026
-04 1.0572 1.0546 0.0026
-0.3 1.2036 12010 0.0026
-0.2 1.3976 13954 0.0022
-0.1 1.6553 16540 0.0014
0 1.9996 2 0.0004

= X improved| v (exact)  Error
y < Euler ) Y
-2 0 0 0

—-1.9 —0.2140 —0.2153 0.0013
-1.8 —0.4593 —0.4623 0.0029
-1.7 —-0.7371 —0.7419 0.0049
-1.6 —1.0473 —1.0544 0.0071
—-15 —1.3892 —1.3989 0.0097
-14 —1.7607 —1.7732 0.0125
-1.3 —2.1585 —2.1740 0.0155
-1.2 —25780 —2.5966 0.0186
-11 —3.0131 —3.0350 0.0219
-1.0 —-3.4565  —3.4817 0.0252
-0.9 —3.9000 —3.9283 0.0284
-0.8 —4,3341 —4.3656 0.0315
—-0.7 —4.7491 —4.7834 0.0344
-0.6 —5.1348 —-5.1719 0.0370
—-0.5 —54815 —5.5208 0.0394
-04 —5.7796 —5.8210 0.0413
—-0.3 —6.0210 —6.0639 0.0430
-0.2 —6.1986 —6.2427 0.0441
-0.1 —-6.3073 —6.3522 0.0449

0 —6.3438 —6.3891 0.0452




13.

14.

x y(Euler) y(improved> y (exact) Error (Euler) Error(im':’ro"eOI

)

Euler Euler

0 1 1 1 0 0
0.1 0.9000 0.9100 0.9097 0.0097 0.0003
0.2 0.8200 0.8381 0.8375 0.0175 0.0006
0.3 0.7580 0.7824 0.7816 0.0236 0.0008
0.4 0.7122 0.7416 0.7406 0.0284 0.0010
0.5 0.6810 0.7142 0.7131 0.0321 0.0011
0.6 0.6629 0.6988 0.6976 0.0347 0.0012
0.7 0.6566 0.6944 0.6932 0.0366 0.0012
0.8 0.6609 0.7000 0.6987 0.0377 0.0013
0.9 0.6748 0.7145 0.7131 0.0383 0.0013
1.0 0.6974 0.7371 0.7358 0.0384 0.0013
11 0.7276 0.7671 0.7657 0.0381 0.0013
1.2 0.7649 0.8037 0.8024 0.0375 0.0013
1.3 0.8084 0.8463 0.8451 0.0367 0.0013
14 0.8575 0.8944 0.8932 0.0357 0.0012
15 0.9118 0.9475 0.9463 0.0345 0.0012
1.6 0.9706 1.0050 1.0038 0.0332 0.0012
1.7 1.0335 1.0665 1.0654 0.0318 0.0011
18 1.1002 1.1317 1.1306 0.0304 0.0011
1.9 1.1702 1.2002 1.1991 0.0290 0.0010
2.0 1.2432 1.2716 1.2707 0.0275 0.0010

X y (Euler) y (improved) y (exact) error (Euler) Error (i mproved

Euler Euler

0 -1 -1 -1 0 0
0.1 —1.1000 —11161 —1.1162 0.0162 0.0002
0.2 —1.2321 —1.2700 —1.2704 0.0383 0.0004
0.3 —1.4045 —1.4715 —1.4723 0.0677 0.0007
0.4 —1.6272 —1.7325 —1.7337 0.1065 0.0012
0.5 —1.9125 —2.0678 —2.0696 0.1571 0.0018
0.6 —2.2756 —2.4954 —2.4980 0.2224 0.0026
0.7 —2.7351 —3.0378 —3.0414 0.3063 0.0037
0.8 —3.3142 —3.7224 —3.7275 0.4133 0.0050
0.9 —4.0409 —4.5832 —4.5900 0.5492 0.0068
1.0 —4.9499 —5.6616 —5.6708 0.7209 0.0092
11 —6.0838 —7.0087 —7.0208 0.9370 0.0121
1.2 —7.4947 —8.6872 —8.7031 1.2084 0.0159
1.3 —9.2465 —10.7738 —10.7944 1.5480 0.0206
14 —11.4175 —13.3628 —13.3894 1.9719 0.0267
15 —14.1037 —16.5696 —16.6038 2.5001 0.0342
1.6 —17.4227 —20.5358 —20.5795 3.1568 0.0437
1.7 —21.5182 —25.4345 —25.4902 3.9720 0.0556
18 —26.5664 —31.4781 —31.5486 49822 0.0705
1.9 —32.7829 —38.9262 —39.0153 6.2324 0.0891
2.0 —40.4313 —48.0970 —48.2091 7.7778 0.1121
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-1
15. (@) y= ot 2 (3) = -0.2
(b) —0.1851, error = 0.0149
(c) —0.1929, error = 0.0071
(d) —0.1965, error = 0.0035
16. (@) y=2e*+ 1, y(1) =~ 6.4366
(b) 5.9766, error =~ 0.4599
(c) 6.1875, error = 0.2491
(d) 6.3066, error =~ 0.1300
17. (a) —0.2024, error = 0.0024
(b) —0.2005, error = 0.0005
(c) —0.2001, error = 0.0001
(d) Asthe step size decreases, the accuracy of the
method increases and so the error decreases.
18. (a) 6.4054, error = 0.0311
(b) 6.4282, error =~ 0.0084
(c) 6.4344, error = 0.0022
(d) Asthe step size decreases, the accuracy of the
method increases and the error decreases.

19.

[—0.1, 1.1] by [-0.13, 0.88]

|

[—0.1, 1.1] by [-2.3, 0.3]

21.

C

[—22,0.2] by [-0.2,2.2]

22.

/

-t

[—22,0.2] by [-7.3, 1.1]

23. X y (Euler) y(exact) Error
0 1 1.0 0
—0.1 09000 0.9097 0.0097
—-02 0.8200 0.8375 0.0175
—-03 0.7580 0.7816 0.0236
-04 0.7122 0.7406 0.0284
-05 06810 0.7131 0.0321
—-06 06629 0.6976 0.0347
—-0.7 06566 0.6932 0.0366
-08 06609 0.6987 0.0377
-09 06748 0.7131 0.0383
-10 06974 0.7358 0.0384

24, | od
X y( mprov ) y (exact)  Error
Euler
0 1 1.0 0
-01 0.9100 0.9097 0.0003
-0.2 0.8381 0.8375 0.0006
-0.3 0.7824 0.7816 0.0008
—-04 0.7416 0.7406  0.0010
—-05 0.7142 0.7131 0.0011
-0.6 0.6988 0.6976 0.0012
-0.7 0.6944 0.6932 0.0012
-0.8 0.7000 0.6987 0.0013
-09 0.7145 0.7131 0.0013
-10 0.7371 0.7358 0.0013
25. (a)
[0, 4.7] by [0, 100]
(b)
[0, 4.7] by [0, 100]
26. (a) /\/\/
|~
[0, 10] by [0, 6]
[0, 10] by [0, 6]
27. (@)
[0, 10] by [0, 3]
(b)
[0, 10] by [0, 3]



28.
(@) -
f’_‘v‘fﬁw{
e
[0, 10] by [0, 5]
(b) /\/\/
[0, 10] by [0, 5]
29. 2.6533, 30. ~19.8845, €3
31. X y (Runge-Kutta) y (exact) error
0 1 1 0
0.1 1.2103 1.2103 0.0000002
0.2 1.4428 1.4428 0.0000004
0.3 1.6997 1.6997 0.0000006
0.4 1.9836 1.9836 0.0000009
0.5 2.2974 2.2974 0.0000013
0.6 2.6442 2.6442 0.0000017
0.7 3.0275 3.0275 0.0000022
0.8 3.4511 34511 0.0000027
0.9 3.9192 3.9192 0.0000034
1.0 4.4366 4.4366 0.0000042
32. (a) /
[0, 10] by [-3, 10]
(b)
-
[0, 10] by [-3, 10]

Chapter 6 Review Exercises
(pp- 358-361)

1.V3

3.8
52

7.e—1

9. —I

11. ll
13, —|

nj2—snx+C

nit2+5+C
nlcos(Iny)| + C

o AN
—ON

oo
NI WIN

10.
1

“(Bx+ 4?3+ C

12. —sec=+ C

0

14. In|sec (€*) + tan (&9)| + C

15.
17.
18.

19.
20. |-+
21.

22,
23.
.y=—=CsC260 + =

25.

26.

27.
28.

29.
30.

31.
32.
33.
34.

35.

36.
37.
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-2
16. =+ C

5. ) Vi
X2sin X + 3x¢cosx — 6xsinx — 6 cosx + C
5 5
X InX—X——l—C
5 25

3sinx _ cosx X1 C

10 10

X _2x_ 2

3 92 27

=X+ Xy x+1

6 2

X—+2x—1—1

3 X 3

y=In(t+4)+2
1 3

Inlinx + C

>e*3x +C

[

2 2
y=X—+Inx—x+Z
3 3

. t2
r=sint——-—-2t—1
2
y= 4eX 2
y= 2ex+x 1
—1+\/>_<+Cor\/>_<+C

2
X?+1—\/>_<+Cor
—2Vx—x+C
2—3+Cor —-3x+C
(b)

(d)

iv, since the given graph lookslikey = x2, which
satisfies% = 2xandy(1) = 1.

Yes, y = xisasolution.
(@ v=2t+3t2+4

—Vx+C
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39. X y
0 0

0.1 0.1000
0.2 0.2095
0.3 0.3285
0.4 0.4568
0.5 0.5946
0.6 0.7418
0.7 0.8986
0.8 1.0649
0.9 1.2411
1.0 1.4273
1.1 1.6241
1.2 1.8319
13 2.0513
14 2.2832
15 2.5285
16 2.7884
17 3.0643
1.8 3.3579
19 3.6709
20 4.0057

41. 0.9063

43. (a)
[-0.2, 45| by [-25, 0.5]

(b)
[-1,0.2] by [~10, 2]
44. (a)

[—0.2, 4.5] by [—5, 1]

ONN

[—-45,0.2] by [—1, 5]
45. () k~ 0.262059

(b) About 3.81593 years

46. About 92 minutes

48. About 41.2 years

49. About 18,935 years old
50. About 5.3%

4. — y
-3 1

—29  0.6680
—28  0.2599
—27 —0.2294
26 —0.8011
—25  —1.4509
—24 —2.1687
—23 —2.9374
—22 —37333
—21 —45268
—20 —5.2840
~19 —5.9686
-18 —6.5456
-17 -6.9831
16 —7.2562
—-15 —7.3488
14 —7.2553
-13 —6.9813
12 —6.5430
-11 —509655
~10 —5.2805

42. 4.4974

47. —3°C

51. About 59.8 ft

52.(a) y=c+ (y, — c)e” kAW
(b) c

53. (a) k = 1; carrying capacity = 150
(b) =2; Initialy there were 2 infected students.
(c) About 6 days

54. Use the Fundamental Theorem of Calculusto
obtainy’ = sin (x?) + 3x2 + 1. Then differentiate
again and aso verify the initial conditions.

800
55. P =
1+ 15e~ 000

56. Method 1—Compare graph of y; = x2In x with
_ x3Inx _ x3

y, = NDER(—3 . )

Method 2—Compare graph of y; = NINT(x? In )
withy, = Clnx _ X2

2 3 9

57. (@) About 11.3 years

(b) About 11 years

58. (a) % fo " u(t) dt = )
% L " l;(t) dt = u()
(b) C= fo ut) dt

_ 560716
59 (&) ¥ = 7775 ggae- 0005

L

[—20, 200] by [—10, 60]
(b) =56.0716 million

(c) =1887, =28.0 million
60. (a) T = 79.961(0.9273)!

[—1,33] by [-5, 90]
(b) About 9.2 sec

(c) About 79.96°C
61. s = 0.97(1 — e~ 08868




Chapter 7
Applications of Definite Integrals

Integral as Net Change
(pp. 363-374)

Quick Review 7.1

1. Changes sign at —%, O,%
+ - s X
: : : —— x
-3 _m 0 T 2
2 2

3. Always positive

| +
T 1 X

-4 2

- + +
: : ——— X
2 1 12
2
5. Changes sign at =, 37 57
4 4 4
+ - s X
X
0 ™ 3m 57 4
4 4 4

6. Always positive
7. Changessign at 0
_ . f(x)
— } X
50 30

8. Changessign at —2, -V2,V2,2
f(x)

+ - + = F
L L

] ]
-3 22 v2 2 3

X

9. Changessign at 0.9633 + kmr
21783 + kar
where k is an integer

. _ +  _f®

f f ; f X
—2.1783 -0.9633 0.9633 2.1783

10. Changes sign at i, 1
37 27
f(x)
: : — x
01 1 1 0.2

T v

- +

w
N

Section 7.1

Section 7.1 Exercises

T 3

1 (a Right:05t<?7<t§2w

Left:%<t<ﬁ

2. (@) Righ: 0<t<
Left T<t=Z
3 2
Stopped: t = O,%
(b) 2 (c) 6
3. (@ Righ:t 0=t<5
Left: 5<t=10
Stopped: t = 5
(b) O (c) 245

4.(a) Right:t 0=t<1
Leftt 1<t<?2
Stopped: t =1, 2
(b) 4 (c) 6

mT 3

5. (a) Right:0<t<?7<t<2w
Left T<t<mm<t<om
2 3 2
Stopped:t=0,%, 77,777, 27

20

(b) O © 3

6. () Right 0=t<4
Left: never
Stopped: t = 4
16 16
(b) 3 (0 3
7. @) Right:Ost<g,37”<tszw
Left T <t< 3T
2 772377
Stopped: t = Y
(b) 0 (©) 2e— % ~47

8. (8 Right 0<t=3
Left: never
Stopped: t = 0
() "0~115 (9 MP0=115
9. (a) 63 mph (b) 344.52 feet
10. (a) =—1.44952 meters
(b) =1.91411 meters
11. (a) —6ft/sec (b) 5.625 sec
(© O (d) 253.125 feet
12. —23cm 13.33cm
14. a 11
b: 16
c.—8

183
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15.t=a 16.t=c Section 7.2 Exercises
17.(a) 6 (b) 4 meters LT o 4
18. () 2 (b) 4 meters "o "3
19. (@) 5 (b) 7 meters 3 1 24
20. (a) —25 (b) 19.5 meters "12 '3
21. =332.965 hillion barrels 5 128 6. 22
22. 93.6 kilowatt-hours " 15 " 15
23. (@) 2miles 7 2 g 2
(b) 27rAr 6 6
(c) Population = Population density X Area 9. 16 10. 8t
(d) =83,776 6
24. (a) 2mrAr ; 11. 10% 12. 10%
.y 1IN . a2 . l
(b) 8(10 —r )Sec (27r)Ar inc = flow in s 13_421 14. 8
(©) 397 ™ or ~1244.07 " 15. 2a°
sec sec
25. One possible answer: 16. 12 (3 points of intersection)
Plot the speeds vs. time. Connect the points and 3
find the area under the line graph. The definite 17. 211 18. Y
integral also gives the area under the curve. g 2
26. (a) 797.5 thousand 19. 30= 20. 4
(b) B(x) = 1.6x2 + 2.3 + 5.0 g - u
(c) =904.02 thousand 21. 3 22. GE
(d) Theanswer in (a) correspondsto the area of 238 24 4
left hand rectangles. These rectangles lie under ' 4 a2
the curve B(X). The answer in (c) corresponds 25.6V3 26. 3 L 0.0601
to the area under the curve. This areais greater 4— o -
than the area of the rectangles. 27. ——=~0273 2.5
27. () ~=798.97 thousand 29. 4 — m ~ 0.858 30. 2
(b) Theanswer in (a) correspondsto the area of 1
midpoint rectangles. Part of each rectangleis 31. 2 32.1
above the curve and part is below. 32
28, 1156.5 33.V2 - 1~ 0414 3.7
29. (a) 18N (b) 81N -cm 35. (a) (_\/6, o); (\/61 0)
30. (a) 1250 inch-pounds
(b) 3750 inch-pounds Y
31. 0.04875 \ or / y=x?
32. 40 thousandths or 0.040 y=4 =¥ )
33. (a, b) Takedm = 6 dA asm, and letting dA - 0, ~ ’ \ = /
K- o 1| 2 the center of mass4equat|ons. y=¢ oo\ F /oo
34.x—0,y—€ 35.x—§,y—0 -
1 1 1 1 1 I3 X

Areas in the Plane

(pp- 374-382) . 4

®) [ Vyay=] Vyayo c=2%
0 c

. . Ve
Quick Review 7.2 (© J' (c — x?) dx
1 o 2
1.2 2. E(ez — l) ~ 3.195 — (4 _ C)\/E + j (4 _ X2) dx0 c= 24/3
Ve

3.2 4.4 11 3

o 36. — 37. =
5 27 6. (6, 12); (—1, 5) 3 4

2 _ 38. 4 39. Neither; both are zero
7.(0, 1) 8.(0,0); (7, 0) 40. Sometimes; If f(x) = g(x) on (a, b), then true.

9.(-1,-1);(0,0):; (11 1
10. (—0.9286, —0.8008); (0, 0); (0.9286, 0.8008) 4L.In4—>~0886 42. =~ 0.4303
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43. k=~ 1.8269 21, éw 2.
4.(a) y=*b j1- o3 1177 0y 1087
T e
(b) ZJ /1- dx 25. w2 — 2w 26. 8
(© Answelsmay vary. 27. 2.301 28. 7(3m — 8)
(d, ) abrr 29. 27 30. 4
31 2r 2. 2x
45. Sincef(x) — g(x) isthe same for each region "3 "3
2
wheref (x) and g(x) represent the upper and lower 33. 8 34. 1—75T
b
edges, area = L [f(x) — g(X)] dx will bethe same 35. (a) 8 (b) 32?77
for each. © 8 d) 224
46. m—In(m —1 23 87175
16 56
Volumes 37.() ®) "5
(pp- 383-394) 641
(©) =
15
T2 T2
Quick Review 7.3 38. (&) 3 (b) 3b%h
2 S5
1 x2 2 XE 39. 87 40. o
3 ™ 4 ™ 41, 1887 42. 17
2 o am
5. \fxz 6. X? 4. 3 (®) 3
C) 2w d) 27
7 X—2 8 @Xz © 8mr @ 8w
! ' \4/_ 44. (a) Y (b) 5
9. 6x2 10, 3—23x2 (©) 8 (d) 4
45. (a) —55” (b) —8?2’?
Section 7.3 Exercises
46. (@) T (b)y
1. (@) (1 — x? (b) 41 — x?) 6 6
© 2(1-x? d V31 -x? 47. (a) 7 (b) 17
2. (a) mx (b) 4x 48 4 48 48
© 2x d) V3x T e
3 16 4 16 49. (a) ?cm3 (b) 192.3¢
' . 15 2 w2 -8
g 16 6 8 50. () =, " (b) 0
© 3 "3 2 _
7.(a) N3 (b) 8 © V=7T(207728C+7T)
2
8 (@ 7V3-T (b) 4\/—%77
9. 8 10%
11. (a) s%h (b) s%h
12. The volumes are equal by Cavalieri’s Theorem. [0, 2] by [0, 6]
13. 377 14. 67 Volume - «
3 ) 51. (@) 2.3,1.6, 15, 2.1, 3.2, 4.8, 7.0,9.3,10.7, 10.7,
15. 4 — 7 16. 717—6 9.3,6.4,32
6
32 1287 b L [ o2
17. 5" 18. =% (0) - Jo (y)< dy
19. 367 20. = () =34.7in3

30
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52.

53.

54.

55.
56.

57.
59.
61.
63.

65.

66.
67.

68.

(@) 257

(@) =7

(b) The answer isindependent of r.

(b) o

Partition the appropriate interval on the axis of
revolution and measure the radius r(x) of the
shadow region at these points. Then use an
approximation such asbthetrapezoi dal ruleto
estimate the integral L ar2(x) dx.

5

For atiny horizontal slice,

sant height = As = V/(Ax)2 + (Ay)2

= \/W Ay. So the surface areais
a;gproximated by the Riemann sum

S 2w g(y)V1+ (@'(y))? Ay. Thelimit of that is
K=1
theintegral.

~13.614 58. ~0.638
~16.110 60. =2.999
~53.226 62. =44.877
~6.283 64. =~51.313

Hemisphere cross sectional area:

7(VRZ —h2)2 = A,

Right circular cylinder with cone removed cross
sectional area: 7R? — 7h? = A,

SinceA; =
Cavalieri’stheorem. Thus,

A,, the two volumes are equal by

volume of hemisphere
= volume of cylinder — volume of cone
= 7R3 — 177'R3 = ZWR3.
3 3

2a2br?
7h%(3a — h)
(@ — 3
(b) —— m/sec
1207
(@) A crosssection hasradiusr = Va2 — x2 and

areaA(x) = 7r2 = m(a? — x9).
Y2 4 .3
V= fiaw(a —x3) = 37
(b) A cross section hasradius x = r(l - %) and
2 2y | ¥
areaAly) = mx2 = wr2<1 -t F)'
h 2
— 212 + y° _1 2
\Y, forrr (1 - h)dy 37-rrh

Lengths of Curves

(pp. 395-401)

Quick Review 7.4

Lx+1 2 2=X
2
2
3. sec X 4. % + 4
4x
5. V/2 cosx 6.4
7.0 8. —3
9.2 10. kar, k any integer

Section 7.4 Exercises

1. (a) fz V1 + 52 dx
-1

(b) /

[-1 2] by[-1, 5]
(c) =6.126
2. (a) V1 + sec? x dx
— /3
(b)
[—g, o] by [-3, 1]
(c) =2.057

3. (a) fow V1 + cos?y dy
(b)

[-12]by[-1,4]
(c) =~3.820
1/2 2
y
4. (a) f—yz [1+ 12 dy
(b)
i
/
(-1, 2] by [-1,1]
(c) =~1.047



5. (a) fjl /1+2X1+2dx
(b) -

[-1.7)by[-2,4]
(©) ~9.294

6. (a) fow 1+ x2sin? x dx
(b)

[0, 7] by [—1, 4].
(0) ~4,698
7. (a) f V1 + tan? x dx
0

(b)

[o, %] by [-0.1,0.2]
(c) =0.549

/4

8. (a) o secy dy
(b)

/]

[—2.4,2.4] by [—%%
(c) =2.198

/3

9. (a) 1 + sec? x tan? x dx

—ar/3

R

(b)

3'3
(©) ~3.139

[—1 E] by [~1, 3]

10. (a) f‘: /1+<¥)Z dx

(b)

N

[-3,3] by [-2,12]
(c) ~20.036

11.
13.
15.

17.
19.

20.

21.
23.
25.
27.
29.
31.

32.

33.

34.

Section7.5 187

12 12. m
27

53 14, 128

6 32

% 16. 5—63

2 18, 7—\3@

@ y=Vx

(b) Only one. We know the derivative of the
function and the value of the function at one
value of x.

@ y=1"

(b) Only one. We know the derivative of the
function and the value of the function at one

value of x.
1 22.6
~21.07 inches 24, $38,422
~(—19.909, 8.410) 26. =3.6142
~2.1089 28. =13.132
~1.623 30. =16.647

Because the limit of the sum ) Ax, as the norm of
the partition goes to zero will aways be the length
(b — a) of theinterval (a, b).

No. Consider the curvey = %sin (%) + 0.5for
0<x<Ll

(@) Thefinisthe hypotenuse of aright triangle
with leg lengths Ax, and

df ,
& X:Xk_l AXk = f (Xk*l) AXk.

n

(b) lim \/(Axk)2 + (F'(x_p) Ax)?

Noo K=
= lim A V1 + (f'(x,_.))?
nqu; K (f" (%)

- [VIF(For

Yes. Any curve of theformy = =x + ¢,
c aconstant.

Applications from Science and

Statistics (pp- 401-411)

Quick Review 7.5

lTa 1- é b. ~0.632
2.a e—-1 b. =1.718
3a % b. ~0.707
4.15

5 a %In (g) b. ~0.501
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6.

8.

7 7
[ 2n(x+ 2 snxdc 7. [ (1 x®)@m) dx
0 0

7
fwcoszxdx
0
"Vag

4

0

9. jo ! 77(%)2(10 —y)dy

Section 7.5 Exercises

1

o ~NUTw

©

11.
12.
13.
15.
17.

18.
19.

20.
21.
23.
25.

26.
27.

28.
29.
30.

31.
32.

33.

34.
36.
38.
40.

~4.4670 J 2. =3.8473J
9J 4. =19.5804 J

. 4900J 6. 5880 J

. 1944 ft-1b

. (a) 2001b/in. (b) 400in.-Ib
(c) 8in.

. (@) 72381b/in.

(b) ~905 in.-Ib and ~2714 in.-Ib

. () 3001b (b) 18.75in-Ib
7803

(b) —37,968.75in.-Ib

1123.21b 14. 7987.21b

37051b 16. ~1506.11b
(a) 1,497,600ft-lb  (b) ~100 min

(d) 1,494,240 ft-Ib, =100 min
1,500,000 ft-Ib, 100 min
~7,238,229 ft-Ib
Through valve: =84,687.3 ft-Ib
Over therim: =98,801.8 ft-Ib
Through a hose attached to a valve in the bottom is
faster, because it takes more time to do more work.

~91.3244 in.-0z

~53,482.5 ft-Ib 22. =34,582.65 ft-1b
~067,611ft-Ib,yes  24. =31hr

() =209.731b

(b) =838.93 Ib; the fluid force doubles
~4.21b

(a) 0.5 (50%) (b) =0.24 (24%)

(c) =0.0036 (0.36%)

(d) Oif we assume a continuous distribution;
~=0.071; 7.1% between 59.5 in. and 60.5 in.

() =0.34 (34%) (b) 6.1

Integration is a good approximation to the area.

The proportion of lightbulbs that last between 100

and 800 hours.

5.1446 x 1010

(@ 1.15x 10728)

(b) =7.6667 X 10-22]

dv dv "2

F—ma—mvdx,s:oW—J;l F(x) dx

X V.
=J2mvﬂdx= J 2mvdv=1mv22—1mv12

X1 dx Vi 2 2
50 ft-Ib 35. =85.1ft-Ib
122.5ft-Ib 37. =64.6 ft-Ib
~109.7 ft-Ib 39. =110.6 ft-Ib

451t

13.
15.

17.
19.

21.

22.

23.
25.
26.

27.
29.
31.
32.

33.
35.

36.
38.

39.
40.
41.
42.

&

48.
49.

50.
51.

N ogwpRE

Chapter 7 Review Exercises
(pp- 413-415)

. ~10.417 ft 2. ~31.361 gal
~1464 4.149
. 14,400 6.1
9 g 1
2 6
.18 10. 30.375
. ~0.0155 12. 4
~8.9023 14. ~2.1043
23— %ﬂ' ~1370 16.2V3 + gw ~ 7,653
~1.2956 18. ~5.7312
327 1287
24T b) =427
(@) 3 (b) 1
64 327
© 75 @ =5
(@) 4 (b) k2
1
(© =
7 2
887 ~ 276 in3 24, WT
m(2 — In3)
2877 3 3
Tft ~ 29.3215 ft
~19.4942 28. ~5.2454
2.296 sec 30. (a) istrue
39
(a) 4000J (b) 640J
(c) 4640J

22,800,000 ft-Ib 34.12 ), =213.3J
No, the work going uphill is positive, but the work
going downhill is negative.

~113.097 in.-Ib 37. =426.67 lbs
base = 6.6385 Ib, front and back: 5.7726 Ib,
sides = 9.4835 Ib

~14.4

~0.2051 (20.5%)

Answerswill vary.

(a) =0.6827 (68.27%)

(b) =0.9545 (95.45%)

(c) =0.9973 (99.73%)

. The probability that the variable has some value in
the range of al possible valuesis 1.
T 45, 37
. 2m2 47, 16?7’
~9.7717
@ y=5- %xZ (b) ~335.1032 in?
2 _
f(x) = X 2I4nx+ 3
~3.84 52. =5.02



Chapter 8
L'Hopital’s Rule, Improper Integrals,
and Partial Fractions

L’Hoépital’s Rule
(pp- 417-425)

Quick Review 8.1

1. 1.1052 2.2.7183
31 4, oo
5.2 6.2
7.3 8.1
0.y=3n0 10y = (1 + hyth
Section 8.1 Exercises

1.1 2.5

4
3.1 4.2

7

5 3 L

11 2
7.2 .0
9. (a)

10.

11

13.

15.

17.

19.

21.
23.

x| 10 | 102 | 100 | 10# | 10°

f(x) | 1.1513| 0.2303| 0.0354 | 0.0046 | 0.00058
Estimated limit = 0

(b) Notelnx®=5Inx.
5Inx 5x _ 0 _

lim =lim == 0
X - 00 X0 1 1
(@
x| 100 [ 107|102 ] 103 | 104
£(%) \ 0.1585 \ 0.1666 \ 0.1667 \ 0.1667 \ 0.1667
Estimated limit = %
. X—snx _ . 1—cosx
R
— lim SmX—Im cosx _ 1
X- 0t 6X X- 0t 6 6
3 12.0
4
1 14, 2
3
0 16. *
4
1 18, 1
T+ 1
In2 20, In3
In2
1 2.1
0 24,1

25.
27.
29.

31.

33.
35.
37.
39.
41.
. (&) L'Hopita’s Rule does not help because

46.

47.

48.

49.

Section8.1 189

1 26.1n2
0 28.
e? 30.1
7
0 32. —
11
1 34, el2
1 36.1
e 38. e
1 40. 1
el 42.1n2

applying I’ Hopital’s Rule to this quotient
essentially “inverts’ the problem by
interchanging the numerator and denominator.
Itisstill essentialy the same problem and one
isno closer to asolution. Applying I’ Hopital’s
Rule a second time returns to the original
problem.

(b,c) 3

. (&) L'Hopital’s Rule does not help because

applying I’ Hopital’s Rule to this quotient
essentially “inverts’ the problem by
interchanging the numerator and denominator.
Itisstill essentialy the same problem and one
isno closer to asolution. Applying I’ Hopital’s
Rule a second time returns to the original
problem.

(b,0) 1

. Possible answers:

@ fx)=7x—3),gx) =x—3
(b) f(x) = (x — 32 g(x) = x — 3
(© f(x) =x—3,9(x) = (x—3)°
Possible answers:

@ f(x) =3x+1,9g(x) =x

(b) f(X) =x+1,9(x) = x2

(© f()=x39x)=x+1

c= % because this is the limit of f(x) as x
approaches 0.

Thelimit of f(x) asx » 0is1. Therefore, f hasa
removable discontinuity at x = 0, and the
definition of f should be extended by defining
f(0) = 1.

kt
@) In(1+£> - ktln(1+£>.And,aska o,

tln(1+£)
. r .
lIimktin({1+ —|=Ilim———
Koo ( k) Ko 1
-1
—r r
ey
=lim ————.
B ra
=lim rt - = rt.
koo 1 + =
k

kt
Hence lim A1+ 1) = Aet,
fim A1+ L) = A,
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49. continued
(b) Part (a) showsthat as the number of
compoundings per year increases toward
infinity, the limit of interest compounded k
times per year isinterest compounded
continuously.

50. (a) Forx#O%—I—land
m:)(—’—2—>235X—>0
gx) x+1 '

(b) Thisdoes not contradict I'Hopital's Rule since
lim f(x) = 2andlim g(x) = 1.
Xx-0 X-0
51.(a) 1
(b)

(©
52. (@ O

VLI AR Al . Sin X
(b) L'Hopital’s Rule cannot be applied to 1+ o

m
2
T

because the denominator has limit 1.

53. (@) (=2, —1) U (0, )
(b) o
(c) e
54. (a) Because the difference in the numerator is so
small compared to the values being subtracted,
any calculator or computer with limited
precision will give the incorrect result that
1 — cosx8is0 for even moderately small
values of x. For example, at x = 0.1,
cos x® ~ 0.9999999999995
(13 places), so on a 10-place calculator,
cosx®=1and1 — cosx8 = 0.
(b) Sameas(a)
© 3
(d) The graph and/or table on a grapher show the
value of the function to be O for x-values
moderately close to O, but the limit is 1/2. The
calculator is giving unreliable information
because there is significant round-off error in
computing values of thisfunction on alimited
precision device.

55.(a) ¢ = %
0 c="
56. (a) In f(x)g(x) = g Inf().
lim (g(x) Inf(x) = (Iim g(x))(lim Inf(x))
e
Therefore, lim f(x)9% = 0
(b) LIT: (909 Inf(x)) = (=©)(—=) = =

Therefore, lim f(x)9®) = o,
X-C

Relative Rates of Growth
(Pp- 425-433)

Quick Review 8.2
0

o]
oo

0
— 3X4
2X2

“mf(x) —I|m<1+|nx>—1+0=l
X 0 g(X) X 00 X

8. lim 09 _ = lim /1+£: 1
x-0 g(X) xow ax

9. (a) Loca minimum at (O, 1)

Loca maximum at =(2, 1.541)
(b) [0, 2]
(©) (=, 0] and[2, =)
10. f doesn’'t have an absolute maximum value. The

values are always less than 2 and the values get
arbitrarily closeto 2 near x = 0, but the functionis

undefined at x = 0.

N ogkrwdpE

Section 8.2 Exercises

1. Slower 2. Slower

3. Faster 4. Slower

5. Samerate 6. Slower

7. Slower 8. Faster

9. Slower 10. Samerate
11. Samerate 12. Faster
13. Slower 14. Samerate
15. Slower 16. Faster
17. Samerate 18. Samerate
19. Slower 20. Slower
21. Faster 22. Samerate

23. e¥2, eX (In X)X, x*
24. (In 2)% X2, 2%, &

25. lim 2= 24 =V10andlim 22 1509 _

1,sof,andf

X0 T1(X) x—0 T1(X) 2 3
also grow at the samerrate.

26. 1im 2% — 1 and lim 2% = 1, sot, and f, also
x—o0 F,(X) x—o f(X)

grow at the samerrate.

f
27. lim 2= 209 _ landlimﬁ
X > 00 fl(X) X 00 fl(X

grow at the same rate.
f5(%)

=1,so0f,andf;also

34

28.)I(mf® lan dlm o) =2,s0f,andf; also
grow at the same rate.
29. (a) False (b) False
(c) True (d) True
(e) True (f) True
(9) Fase (h) True



30. (a) True (b) True
(c) Fase (d) True
(e) True (f)y True
(9) True (h) False

31. g = o(f) 32.f = 0(g)

33. fand g grow at the same rate.
34. f and g grow at the same rate.

35. (@) Then' derivative of x"isn!, whichisa
constant. Therefore n applications of
I"Hopital’s Rule give

|im§n: i = im & = .
X—oo X X — 0 nl
(b) Inthiscase n applications of I’Hopital’s Rule
— = lim &(na"
glvellm— - =lim——— =
X_.ooX X — 00 n!
36. (a) ||m%=|imi=oo
waX '+ o +ay  xoean
(b) lim at — |im (na)"a _
X—o X'+ -+ a8y x-e an
1
In x . X _
37. (& I|m —)I(Ln; @1 )|(Ir‘£]cxlm =0
n
1
Inx . 1
b I|m——I|m =lim—=0
( )X—>oc x& aXa axa 1 Xooo aX

38. Let p(x) be any nonconstant polynomial. Then
p’(X) is either anonzero constant or a polynomial

of degree at least (1)ne. Therefore,

Inx _ 1
lim—=—= —— =
x-o P(X) alk p (X) x—o Xp'(X)
and In grows slower than p(x).

39. The one which isO(n log, n) islikely the most
efficient, because of the three given functions, it
grows the most slowly asn - .

40. (a) 1,000,000
(b) 20

41. Thisisthe case becauseif lim T _ L whereL is

x—2 g(X)
anonzero finite real number, then for sufficiently

large x, it must be the case that fggg <L+1=M,
for some integer M. Similarly for g = O(f).

42. (a) Thelimit will betheratio of the leading
coefficients of the polynomials.
(b) Thelimit will bethe same asin (a).
43. (a) x° grows faster than x2.
(b) They grow at the same rate.
(¢) m>n
(d m=n
(6) m> n (or, degree of g > degree of f)
(f) m= n(or, degree of g = degree of f)

Section 8.3 191

4. (a) f=o(g) asx - aif lim f(X) -0
Suppose that f and g are both positive in some
open interval containing a. Then f = O(g) as

X - aif thereisapositive integer M for which
)
9(x)

M

6 S =p-att

= M for x sufficiently closeto a.

= int[(b - a)ﬁ] + 1, for
180

al values of h, where M is abound for the

absolute value of @,

(©) ‘T‘ =(b- )N;<|nt[(b—a)— + 1, for all

vaI ues of h, where M is abound for the
absolute value of f”.

45. (@) and (b) both follow from the fact that if fand g
are negative, then

lim L] = lim i) =Iimm
= [g0)  x=e —g0)  x-oe G¥)
46. (a) and (b) both follow from the fact that
lim 1) = jjm (=9
x-—o g(X)  x-o0 (—X)

Improper Integrals
(pp- 433-444)

Quick Review 8.3

1.1n2 2.0

3 tn1X 4 C 4 —Ly34c
2 2 3

5.(—3,3) 6. (1, )

7. Because —1 < cosx < 1for al x
8. Because Vx2 — 1< Vx2=xforx>1

9 lim2E=-5_4 10 lim Y& =1 _ /2
X — oo 3ex+7 3 X -0 \/X+3

Section 8.3 Exercises

1. (a) Because of aninfinitelimit of integration
(b) Converges
© 7
2. (a) Becausetheintegrand has an infinite
discontinuity at x = 0
(b) Converges
(c) 2
3. (a) Becausetheintegrand has an infinite
discontinuity at x = 0
(b) Converges

© —
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4.

5.

6.

11

13.
15.

17.

19.

21.
23.

25.

27.
29.
31.
33.
35.
37.
39.
41.

45,

47.
49.

50.

(a) Because of two infinite limits of integration

(b) Converges

(c0 0

(a) Becausetheintegrand has an infinite
discontinuity at x = 0

(b) Diverges

() Novaue

(a) Becausetheintegrand has an infinite
discontinuity at x = 0

(b) Diverges
() Novaue
. 1000 8.6
.4 10. 1000
s 12,37
2 4
In3 14.31In2
V3 16.7 + 2
T 18. L
2
z 20.1n2
3
272 22.6
-1 24. 1
1
2 26. —=
4
Diverges 28. Converges
Converges 30. Converges
Converges 32. Diverges
Converges 34. Diverges
Diverges 36. Converges
Converges 38. Diverges
Converges 40. Diverges
Diverges 42. Converges
. Converges 44. Converges
Converges 46. Diverges
1 48, «
(@) Theintegral in Example 1 gives the area of the
region.
(b) =
(c) =

(d) Gabriel’s horn hasfinite volume so it could
only hold afinite amount of paint, but it has
infinite surface area so it would require an
infinite amount of paint to cover itself.

Increasing on (—o°, Q]; decreasing on [0, «);

local maximum at ( O, L

) \V 2
n = 1: integral = 0.683

n = 2: integral =~ 0.954
n = 3: integral = 0.997

b
We can makef f(X) dx ascloseto 1 aswe

(b)

©
want by choosing b > 1 large enough. Also we
o0 7b
canmakef f(X) dxandf f(X) dx as small
b —oo

as we want by choosing b large enough.

51.

52.

53.

55.

(@) For x = 6, x2 = 6x, and therefore,
e < e 8 Thei nequality for the integrals

follows. The value of the second integral is
—36
eT’ whichislessthan4 x 101/

(b) Theerror in the estimate is the integral over
the interval [6, o0), and we have shown that it is
bounded by 4 X 10~17in part (a).

(c) 0.13940279264 (This agrees with Figure 8.16.)
0 3 o0
d) | eXdx=| eXdx+ | eXdx The
@ ], &= | e e |
error in the approximation is
| edx=[ e dx< 0000042
3 3

(&) Sincefisan even function, the substitution
0 oo
u= —x giv&f f(x) dx = f f(u) du.
— 0

(b) Sincefisan odd function, the substitution
0 00

u=—xgves| f(9dx=—[ f(udu
— 0

@)

It is divergent because asx — o,
limIn(x2 + 1) = oo,
X - 0

(b) Both theintegral over [0, «) and the integral
over (—, O] must converge in order for the
integral over (—«, o) to converge.

Since thisis an odd function, the integral over
any interval of the form [—b, b] equals 0.
Thereforethelimitasb - o isO0.

Because the determination of convergenceis
not made using the method in part (c). In order
for theintegral to converge, there must be
finite areas in both directions (toward o and
toward —). In this case, there are infinite
areas in both directions, but when one
computes the integral over aninterval [—Db, b],
thereis cancellation which gives 0 as the
result.

(©

(d)

6

From the properties of integrals, for any b > a,

Lbf(x) = ng(x) dx.

If the infinite integral of g converges, then taking
the limit in the above inequality asb — o shows
that the infinite integral of f is bounded above by
the infinite integral of g. Therefore, the infinite
integral of f must be finite and it converges.

If the infinite integral of f diverges, it must grow to
infinity. So taking the limit in the above inequality
asb - o« showsthat theinfiniteintegral of g must
aso diverge to infinity.

56. (@) n=0:integral = 1

n= 1 integral = 1
n = 2:integral = 2



(b) Integration by parts gives
fx”e*" dx = —x"e X + nfx”*l e Xdx + C.
Sincetheterm (—x"e ) hasvalueO0atx = 0
and has limit equal to 0 asx — o, when the

above equation is evaluated “from O to
infinity”, it givesf(n + 1) = nf(n).

(c) Thisfollows from the formula
f(n + 1) = nf(n) by an induction argument.
Infact, it followsthalf x"e X dx = nl.
(]

57. (a) Although the values oscillate a bit, they appear
to be approaching alimit of approximately
157.
(b) Yes, it converges.

58. (a) J dx SW'Jl dx T

1+x2 4 1+x2 4
foo dx _37T_|_

w1+ X2 4 %_

(b) f f(x)dx=f f(x)dx+j £(x) dx
f f(x)dx_f f(x)dx+f £(x) dx
Thus,

ff f(x)dx+f £(x) dx

_f f(x)dx+f f(x)dx+f £(x) dx
+f £() dx

—f f(x)dx+j £() dx,

because

focf(x) dx + jcof(x) dx =0

Partial Fractions and Integral Tables
(pp- 444-453)

Quick Review 8.4

1LA=-2B=1
2.A=-1, B—2,C=3

3.2+ 1+ -3

—3x—4
42+72;i_
X+ 4x+ 5

5 (x—3)(x2+1)
6.(y—2(y+2y—-1ly+1)
_ x+13
X2+ x—6
—x2+ 12x — 15
" (X4 5)(x2 — 4x + 5)

10.

Section 8.4

23+ 5t24+5t+ 9
(t2+ 2)(t2+ 1)
22 —Tx+ 6
(x—1)3

Section 8.4 Exercises

1

10.
11. =

12.

13.

14.

Ly +

1

"B(s+2) 155—3) 3s
1

12 n 17

XxX—2 x—3

—4y+1

y2+4
Link+1-Limx-1+c
2 2

ik -Limk+2+c

2 2
%In\y+l\+%ln\y—3\+c
4In]y\ 3In\y+1]+C
In\t+2|+ In\t—1| —In|t\+C
—mh+a+—mh—\—§mM+c
16 16 8

2
%—2|n(52+4)+c

3
SE—erIn(serl)thanfls+C

193

5 5 _1(2x+1
15.5x — 2In (X2 + x + 1) — ——tan 1( >+C
2 V3 V3

16. Xinfjx — 1 + 3 SInfx+ 1+ CH
4 2(x+ 1)

17. 5 x+1 -1 —Link-1-
4 Ax+1) 4 4(x — 1)
+C

18. 2 In\x—l\—k In\x+6\+C

l9.2tan l(r—1)+C

20. 3tan"1(r — 2) + C

21 Injx2+x+1 —Injx—1+C

22.3In|x+1] INn(x2—x+1)+C

28 ot X4 C
X+ 4 2
: Ix+ IIn@+1) + -t +

24, 2tan~* x In(x 1+ 22 7 1) C

25.1-1In2

26.2 —tan"12

27.Inly—1 —Inyj=e—1-1n2

8y=—+ 1

cosf +1
29.y=Inx—2 —Injx—1+1In2
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30.

31.

32.

33.

35.
36.

37.

38.

39. —

40.

41.

42.

45.

46.

.y=In=

Inls+ 1 =Inftf = Inft+2 +1In6

orls + 1|—6t+2

(@) Use5+ 4x — x2 =9 — (x — 2)2, substitute
u= x— 2, thenuse Formula18 withx = u
anda= 3.
Theintegral i |s In X+ ; + C.

(b) Rewriteasz— In \x +a —Injx— aJ)
Differentiating gives 1( L 1 )which

1 2a\x+a x-a

equalsﬁ

(@) Usex2—2x+ 2= (x — 1)2 + 1, substitute
u=Xx—1,thenuse Formulal7 withx = u
anda=1
Theintegral is
2()(2"_;2;2) %tan‘l(x— 1+ C.

(b) The derivativeis

1 [@E+D) - 9@, 1| -Ya
2a? [ (@2 + x?)? ] 2% 4 (5)2
a

1

which equal S m

6w In5
471n 2

3
INn[V9+y2+y+C
ﬁsin—l(i) n tV25 — t2
2 5 2

%In\2x+\/4x2—49\+C
\VAYA
7)( tlic

sz/ — %2
3

+C

2\/ -x>+C
sz—l

2
V16 — 4In
—2V4 — w? L C

w

X Vx2—9’
3

+C
V16—z2
z

secix +

+C

y= X +1

3 VX2 + 1
TW~2.356

ﬂ'(% + 1) ~ 8.076

_1000e*
47. (@) x(t) = ¢ 499
_ 1000
XO = T ag0e @
(b) Aftert = N49 _ 1 553 days
(© Smced— kx(1000 — x), —WI|| haveits

maximum value where x(1000 — X) is greatest,

which isat x = 500.

48.1n3 — %
49. (a) This can be seen geometrically in the figure.
. . _snx
(b) Using part (a), substitute z = 1+ cosx

then obtain a trigonometric identity.
Or, use the trigonometric identity

_ 2
1t—ar126 = cos 20 with g = X,
1+ tan< o 2 _
¢) Using part a,substitutez=ﬂ
() gp () 1+ cosx

then obtain atrigonometric identity.
Or, use the trigonometric identity
2100 _ §n2gwithe = X,
1+ tan6 2
(d) dz = <8902 X) dx
<1 + tan? X) dx

= (1 + 22) > dx, then solve for dx.

50, — e
1+tan5
2
51, ——1 4 C
tan X
2
52.%“:
1—tan—

2

53. In|1+tan% +C

Chapter 8 Review Exercises
(pp. 454-455)

1. Thelimit doesn’t exist. 2. g
3.2 4.1
e
5.1 6. e3
7.0 8 —1
9 -1 10. 1
2
11. 1 12, o

13.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Same rate, because lim f® = 1
x— o g(X) 5

Same rate, because lim )
x—o g(X) I

Same rate, because lim LG =1
x— g(X)

Faster, because lim LICI P
x— g(X)

Faster, because lim LGOI,

X-»oc (X)
Same rate, because lim T =1
x—0 g(X)

Slower, because lim fEX; =0
Xaoo

Slower, because lim fEX; =
Xaoo
Same rate, because lim ) _1
X_»oc () 2

Slower, because lim fEX; =0
X_>oo

Same rate, because lim fEX; =1
X-»cx:

Faster, because lim LCO R,
x—» g(X)

(@ Limf(x) =1In2
(b) Definef(0) =1In2
(@ XILrg fx)=0

(b) Definef(0) =0

11
X2 A
True, lim =1
X—> i
X2
1.1
. 2 4
Fase lim X X =
X— -
X4
X
False, lim =1
Xx—o X+ INnX
In(In X
True, lim Indny _ 0
X 00 nx
. tan"1x
True, lim =T
X— 00 1 2
1
True, lim —%*— =0
Xﬂoo_+i
x2 x4
i
True, lim =0
xoe 11
X2 X
. Inx
True, lim =0
Xooo X+ 1
In 2x
True, lim —=1
X—>oo |
l
. X
True, lim XX -7
X 00 1 2

39.

49.

50.

51.

52.
53.

55.
56.

57.

58.

59.
60.

61.
62.

63.
.%sin‘13t+%t\/l— 92+ C
65.
66.

67.
69.

& B

Chapter 8 Review

z 40. -1
2
6 42.0
In3 44, In% +1
2 46. -1
9
. Diverges 48. 7

195

Diverges, by the limit comparison test, comparing

with % or directly from the
antiderivative.

Converges, directly from the antiderivative,

value 1.
2

Diverges, by the direct comparison test with % or

directly from the antiderivative.

Converges; by the direct comparison test with et

Converges, by the direct comparison test with e™*

on [0, ») and with eXon (—oo, O] or directly from

the antiderivative, value g

&there.ForO<xs 1,1+eX<4and

1 1

x3(1+ e 4x%

9Injx — 4/ — 7Injx—3 + C

In —Inx+2+2-2+c
X X

41nlf —lln(t2+ 1) +4tan1t+C

1 by
2\/5 V3

x+Injx—1—Injx + C

Lian-1t—
2

X—2+§|n|x+ 1-dinx+3+c
2 2 2

500
1+ 247

y = tan (In\x +1) + tanfl%)

In[V1+9y2+3y|+C

y:

In(5x + V25x2 — 9) + C
4x
V1-x2
21 68. 1

—4sin7ix+C

. Diverges; the problem is near x = 0. Compare with
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Chapter 9
Infinite Series

Power Series
(pp. 457-468)

Quick Review 9.1

L4421 s gl 111
3 538 2 34 30
3.(@ 3 (b) 39,366
(c) a,=2(33"1
1 1
4. () 5 (b) o

© a,= 8(—1)“ — 8(—05)"1

[0, 25] by [—0.5, 0.5]
(b) O

6. (a)

[0, 23.5] by [-2, 2]
(b) Thelimit does not exist.

8. (a)
[0,235] by [-2,2]
(b) -1
9. (a)
[0,235] by [-1, 3]
(b) 2

10.

@)

[0, 23.5) by [—1, 1]
(b) 0

Section 9.1 Exercises

1

2.

© ~NOTw

11

13.
14.

15.
16.
17.

18.
19.
20.

21.

22.

23.

24.

25.
26.

(@) * =n (b) * =(n+ 1)?
( *=3
i n (_l)n—l
@ (3) (b) “——
5
(0 0
. Different 4. Same
Same 6. Different
. Converges, sum = 3 8. Diverges
. Converges, sum = % 10. Diverges
Diverges 12. Converges; sum = %
Converges, sum = 2 — V2
Diverges
ar

Converges, sum =
mT— €

Converges, sum = 1
Interval: — < x < 1; function: f(x) = L
2 2 1-—2x
Interval: —2 < x < 0; function: f(x) = L
X+ 2
Interval: 1 < x < 5; function: f(x) = 721

Interval: —1 < x < 3; function: f(x) = %

Converges for all values of x except odd integer
multiples of 7 function: f () = -~
2 1-sinx

Converges for —% + k< x< % + kar, k any
1

— tanx

(@) The partia sumstend toward infinity.

(b) The partial sums are alternately 1 and O.

(c) The partial sums alternate between positive
and negative while their magnitude increases
toward infinity.

integer; function: f(x) = I

7T
Thisisageometric serieswithr = e_e’ whichis
ar
greater than one.
= 1_9
20

One possible answer:
For any real number a # 0, use

a,a,a,a_ a
2 4 8 16 32
TogetO,usel—l—l

2 4



27.

28.

29.

30.

32.

34.
36.
38.
40.

41.

42.

45.

46.

47.

Assuming the seriesbeginsat n = 1.
mzénfl b)xl_g_infl
@ 3 2 ® 5 2 %)
Leta= Aandr = i, giving
100 100
(0.21) + (0.21)(0.01) + (0.21)(0.01)2
+ (0.21)(0.01)3 + ...

Thesumis .
33
Leta= ﬁand r= i, giving
1000 1000

(0.234) + (0.234)(0.001) + (0.234)(0.001)2
+ (0.234)(0.001)3 + ---
Thesumis 26
111

U 31 9
9 9
=3 33. 17
15 111
41,333 35, 22
33,300 7
16 meters 37. = 7.113 seconds
8 m? 39T
2

(@ S—rS=a—ar"

(b) Just factor and divideby 1 — r.
For r # 1, the result follows from:
If[r| <1,r"~ Oasn - o, and

if f|>1orr=—1,r"hasnofinitelimitasn - o.

Whenr = 1, the nth partial sum is na, which goes

to £,

Series: 1 — 33X+ 9x? — - + (=3 + -

Interval: —1< X < N
3 3

CSeries X + 2X2 4+ 4x3 + ... 4+ 201 4 L

Interval: —1< X < 1
2 2

. Series: 3+ 33+ 36+ o + 3N+ ..

Interval: —1<x<1

Seriess1— (x—4) + (x— 42— (x— 43+ .-
+ (DX — 4+ ...

Interval: 3<x<5

Series: % - %(x - l1) + %(x — 12— %(x — 13
o D

Interval: 0 < x < 2
One possible series:
1+(X—D)+X—22+ - +X—D"+ -
Interval: 0 <x< 2

48.
49,

50.

51.

52.

53.

55.

Section9.1 197

b= In(g)
@ 2
(b) t> —%

(c) t>9
(@) First4terms: 4 — 4t2 + 4t — 4t6
General term: (—1)"(4t2")

(b) First4terms: 4x — %x3 + gx5 - §x7
General term: (—1)”(L>x2”+1
n+1
(o) —1<t<1
(d) x=*1
— 1)\2 —
" (x—1) n (x—1°
2 3

P i VAN

n
Series: 2 + 6x + 12x2 + (n + 2)(n + x" + ...
Interval: —1<x<1
(@) No, becauseif you differentiate it again, you
would have the original seriesfor f, but by
Theorem 1, that would have to converge for
—2 < x < 2, which contradicts the assumption
that the origina series converges only for
—l<x<1l
No, because if you integrate it again, you
would have the original seriesfor f, but by
Theorem 2, that would have to converge for
—2 < x < 2, which contradicts the assumption
that the origina series converges only for
—l<x<1l

(b)

. LetL = lim a,. Then by definition of

n- oo

convergence, for % there corresponds an N such

that for all mand n,

n,m> N[ |am—L|<§and\an—L\<§.

Now,

an —a) =lay —L+L-a
s\am—L|~l—\an—L\<%+

whenever m> N and n > N.

€
— =€
2

Given an € > 0, by definition of convergence there
corresponds an N such that for all n <N,
|Ll—%‘<emd‘L2—aT1|<e.

Now L, — L[ =
L—a,+a, - L=, —a]+l,— L
<e+e=2e

L, — L/ < 2¢ saysthat the difference between two
fixed valuesis smaller than any positive number
2¢. The only nonnegative number smaller than
every positive number is0, so|L, — L,/ = Oor

L, =L,
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56. Consider the two subsequences a,,, and &,

57.

Whereliqrr; By = Ll,r!tn; &y = L,,andL; # L,
Given an € > 0 there corresponds an N, such that
for k(n) > Ny, lay ) — L,| <, and an N, such that
fori(n) > Ny, lay ;) — L,| < e. Assume a,
converges. Let N = max{N,, N,}. Thenforn> N,
we havethat [a, — L,| < eanda, — L, < e for

infintely many n. Thisimpliesthat lim a, = L,
n- oo
andlim a, = L, whereL; # L,. Since the limit of
n- o

asequence is unique (by Exercise 55), a, does not
converge and hence diverges.

@) lim 3" *tl_3

noo N+ 1
(b) Theliney = 3isahorizontal asymptote of the
%+ 1 \which
x+1

meanslim f(x) = 3. Because f(n) = a, for all
X — 00

positive integers n, it follows that lim a, must
noow
also be 3.

graph of the function f(x) =

Taylor Series
(pp- 469-479)

Quick Review 9.2

1. 2ne 2. (- ni(x — 1)~ (+D
3. 3F(In3)" 4, (-)" Yn—1ix "
5 i anl
T “(n—1)!
2n(x — a)n—l (_1)nX2n
(n—1)! (2n)!
g (xra! 10 X=X
" @2n-1)! N ()|
Section 9.2 Exercises
1 ox — B LA “+(_1)n(2X2n+l
' 3 15 (2n+ 1)
converges for al real x
2_X_X_2_X_3——X_n_
' 2 3 n
convergesfor —1=x<1
6 10 an+2
3ax-X XXy
3 5 2n+1
convergesfor —1=x=1
4 7X3 7Xn+l +

7x+7x2+7+---+

! n!
converges for al real x

5. (cos2) — (sn2)x —

11.

. P

2
(cos 2) x 1o

_1)ARyN
+( 1)|Bx n n+1
n!

iscos2if nisevenand sin 2 if nisodd. Or, the

---,WhereA=int( > and B

general term may be written as

{n—% cos (2 + n—;)}x”. The series converges for all
real X.
2 _ X_4 + X_G —

2 24
converges for al real x

XA XA E X O 4
convergesfor -1 <x<1
My N
12X+ 22—+ (—1)n—2n>|‘ + o

converges for al real x

o) =5

PL() = % B x:1 2

Pa) = % -3 2+ (Xisz)z - & 162)3

Py(x) = %

=+ ()

ey G ey G ]

0= (P 5
]

Py(X) = %

0= (D)

P (g)(x 4" (g)(x “i)

=5 (- (e
N



12. Py(X) = 2
Pl(x)=2+X;4
_ X—4  (x—4)72
P,(X) =2+ SR,
P(X):2+x—4_(x—4)2+(x—4)3
3 4 64 512

13.(a) 4 — 2x+ x3
(b) 3+ (x— 1) + 3(x — 12 + (x — 1)3
14. (@) —8 + 3x + x2 + 2x3
(b) =24+ 11(x— 1) + 7(x — 1)2 + 2(x — 1)3
15.(a) O
(b) 1+ 4(x— 1) + 6(x — 1)2 + 4(x — 1)3
16. () Py(X) = 4 + 5x — 4x2 + x3
£(0.2) = P,(0.2) = 4.848
(b) For f’,P,(x) = 5 — 8x + 3x2
f'(0.2) = P,(0.2) = 3.52

17. (8) Py =4~ (x = 1) +(x = 12 + (x — 1)3
£(12) ~ Py(1.2) ~ 3.863

(b) Forf’,Py(x) = =1+ 3(x— 1) + (x — 1)2
f/(1.2) = Py(1.2) = —0.36

18. (a) f'(0) = % £10)(Q) = 1_11

2 3 4 n+1
(b) x + =+ X 42X 4 X
203 A (n+ 1)!
(c) e¥—1
2 n
19.(@ 1+2+X+ .+ X+
2 8 20 nl
n
by 1+23 4+ 2% 4. 4 X
b 1+5*3 (n+ 1)!

(¢) d'(1) = 1 and from the series,

g’(l):i+£+§+...+ n
20 3 4 (n + 1)

PR

20.(a) 2+ 22+ 24+ 26 + . + 2420 + ...

3 5 7 2n+1
(b) 2x+ 204 22 20,y X
3 ) 53 7 n+1
21. (@) 1+ 2 -X 4+ X
2 8 16
b1+ ¥, X
2 8 16
3 5
© 5+x+3X-%X
6 240 .
My N
22.(a)l+3x+9%+9%+...+3n>|( L

(b) f(x) = e* (c) 3¢

23. 27 terms (or, up to and including the 52nd degree
term)

24. One possible answer: Because the end behavior of
apolynomia must be unbounded and sin x is not
unbounded.

Another: Because sin x has an infinite number of
local extrema, but a polynomial can only have a
finite number.

Section 9.3 199

25. (1) sinxisodd and cosxiseven
(2) sn0=0andcos0=1

26. 8L 21 L
40 24

28. Thelinearization is the first order Taylor
polynomial.

29. (a) ]

(b) f"(a) must be 0 because of the inflection point,
so the second degree term in the Taylor series
of fat x = aiszero.

30. When x = 1:%
Whenx = —1: =7

4
3L (a) 1- X+ X 4 COX
' 3 5l (2n+ 1)
(b) Becausefisundefined at x = 0.
() k=1
X
2.

33. (a) Differentiate 3 times.
(b) Differentiate ktimesand let x = O.
© mm-—1)(m—-2)---(m—k+ 1)
ki

(d) f(0)=1,f'(0) = m, and we're done by part
(©).
34. Becausef(x) = (1 + x)Misapolynomia of
degree m.

Taylor’s Theorem
(pp- 480-487)

Quick Review 9.3

1.2 2.7
3.1 4.1

2
57 6. Yes
7. No 8. Yes
9. Yes 10. No

Section 9.3 Exercises
11— 2x+2x2 — %XB + %x“; £(0.2) ~ 0.6704
2 4
2.1-Tx2 4+ T x4 £(0.2) = 0.9511
8 384
3. —Bx + gx3; £(0.2) ~ —0.9933
4
4.2 — X?; f(0.2) ~ 0.0392

5.1+ 2x + 3x2 + 4x3 + 5x4 f(0.2) =~ 1.56
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3 4 n+1

6.x+x2+ 2 + X 4 4 X
20 3 n!
5 7 9 2n+5
7.2 X X (X
5571 9 (2n + 5)!

4 2n—1y.2n
81X+ 2% — o +(—1)n2(2n)’|<
9 X2 B X_4 n 2_)(6 R (—l)n 22n+1X2n+2

' 3 45 (2n+ 2)!

10. X2 + 2x3 4+ 4x4 + ... 4 2nxnt2 4L

11. Using the theorem, —0.56 < x < 0.56
Graphically, —0.57 < x < 0.57

12. |Error| < 0.0026 (approximately)
2
1- X? istoo small.

13. |Error| < 1.67 X 10710

X < sin x for negative values of x.
14. ~ 1.27 X 1075
15. |Error| < 1.842 X 104

3 5 2n+1
16. sinhx=x+ X + X 4+ X
3 sl @2n + 1)
2 4 2n
coshx=1+X4+% 4 .. 4 X
2 4 (2n)!

17. All of the derivatives of cosh x are either cosh x or
sinh x. For any real X, cosh x and sinh x are both
bounded by X, So for any red x, let M = X and
r = 1inthe Remainder Estimation Theorem. It
follows that the series converges to cosh x for all
real values of x.

_f(bg — ;(a) = f’(c) can be rewritten as

f(b) = f(a) + f'(c)(b — a). But f(a) isthe zerath

order Taylor polynomial for f at x = a, and letting

18.

b = x, f'(c)(b — a) isthe remainder from Taylor’'s
Theorem.
19.(a) O
X2
(b) =%
(c) Thegraphs of the linear and quadratic

approximations fit the graph of the function
near X = 0.

20. (@) 1+ x
2
(b) 1+x+>‘E

(c) Thegraphs of the linear and quadratic
approximations fit the graph of the function
near X = 0.

NN

[=3,3] by [-1,3]
21.(a) 1
2
(b) 1+ XE
(c) Thegraphs of the linear and quadratic
approximations fit the graph of the function
near x = 0.

N4

[=3.3] by [~1,3]

22.(a) 1
2
(b) 1+ XE

(c) Thegraphs of the linear and quadratic
approximations fit the graph of the function

near x = 0.
[-3,3by[-1,3]
23. () x
(b) x

(c) Thegraphs of the linear and quadratic
approximations fit the graph of the function
near x = 0.

[-3.3by[-272]
_ 2

24. Pyx) = 1 + kox + <KX

Error islessthan ﬁ for 0 = x < 0.01¥3 =~ 0.215.
25. |Error| < 4.61 X 1076, by Remainder Estimation

Theorem (actual maximum error is

~ 4251 X 1076)
26. Py(x) = 1+ x + x2 + x5,

[Error| < 1.70 X 10~4, by Remainder Estimation
Theorem (actual maximum erroris = 1.11 X 10~%)




27. (@) No

3 5
(b) Yes.2+x - X+ X — ..
3 10
(_1)n+lX2n71
[(2n—1)(n— D]
(c) For al real values of x. Thisis assured by
Theorem 2 of Section 9.1, because the series

for e converges for all real values of x.

2 3 4
8. (@) x-X-X_x_ . _xX_
2 3 4 n
3 5 2n+1
02 2
29. (a) tanx (b) secx
30. (a) NSO S -
’ 3 45 315 14175
(b) 2x — 2 4 & 87
3 15 3315 . ,
o (2% (@205 (27,
(c) part(b) = 2x 3 + = . +
= 8in 2x

31. (a) It works.

(b) Let P = 7 + xwhere x istheerror in the
original estimate. Then
P+snP=(7+ X +sin(m+ X

= + X—sinX
But by the Remainder Theorem,
%. Therefore, the difference
between the new estimate P + sin P and = is

3
less than K
6

X —sinX <

2. (a) %(eiﬂ + eif

_ (cosf +idn6) + (cos(=0) +isin(=0))

2
_ (cos6 +ising) + (cosf —isino)
2
_ 2cosf _ cos §
i0 _ a—if
b) & —¢€
(b) 2i
_ (cosf +isinf) — (cos(—0) +isin(—0)
2i
_ (cosf +isinf) — (cosd —ising)
2i
2ising .
= =sno
2i

33. Thederivativeis
(ae®™)(cosbx + i sin bx)
+ (e®)(—b sin bx + ib cos bx)
= a[e®(cosbx + i sin bx)]
+ ib[e®(cos bx + i sin bx)]
= (a + ib)elatiox

Section 9.4 201

34. (a) Thederivative of the right-hand sideis

2D a+ bijelarbix

_ 8% = (b1) (a+bi)
a? + b?
_ az + E;e(m-bi)x — glathix
a2+

which confirms the antiderivative formula

(b) [e™cosbxdx + i [esinbxd
_ fe(a+bi)x dx
_a—bi (atnix
a?+ bze(
= 3% e(cosbx + i sinbx)

ea)( . .
- (m)(a cosbx + b sin bx — bi cos bx

+ ai sinbx)
e .

= (m)[(a cos bx + b sin bx)

+ i(asin bx — b cos bx)]
Separating the real and imaginary parts gives

_ e .

fea" cos bx dx = m(acosbx + bsinbx)
and

. _ e : _
fea"sm bx dx = m(asm bx — b cos bx)

m Radius of Convergence

(Pp. 487-496)

Quick Review 9.4

1. X
2. x— 3
3.0
2
4. %
16
5 12x + 1
2
6.a,=n%b, =5n,N=6
7.a,=5"b =n>N=6
8.an=\/ﬁ,bnzlnn,N=1
_ 1 _1 -
9an l—on,bn —I,N 25
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Section 9.4 Exercises

. Diverges (nth-Term Test)

. Diverges (nth-Term Test, Ratio Test)
. Converges (Ratio Test)

. Converges (geometric series)

. Converges (Ratio Test, Direct Comparison Test)
. Diverges (nth-Term Test)

. Converges (Ratio Test)

. Converges (Ratio Test)

. Converges (Ratio Test)

10. Diverges (nth-Term Test)

11. Converges (geometric series)

12. Diverges (nth-Term Test, Ratio Test)
13. Diverges (nth-Term Test, Ratio Test)
14. Cornverges (Ratio Test)

15. Converges (Ratio Test)

16. Converges (Ratio Test)

17. One possible answer:

©Cooo~NOOUOTA~,WDNPE

Z% diverges (see Exploration 1 in this section)
even though lim £ = 0,

nN-oo
18. One possible answer:
a,=2"andb,=3"

19.1 20. 1
21 1 2 L
4 3
23. 10 24. 1
25.3 26.
27.5 28. 4
29.3 30.0
3. 3t
2 4
33.1 34. V2
35. Interval: —1<x<3
Sum: _%
Xc—2x—3
36. Interval: —4<x<?2
Sum: _%
X+ 2x—8
37. Interval: 0 < x < 16
2
Sum:
4-Vx
38. Interval:%<x<e
Sum: 1
1-Inx
39. Interval: —2 <x< 2
Sum: 3
4-x?
40. Interval; —oo < x <
Sum: 2_
2—snx

41. Almost, but the Ratio Test won't determine
whether there is convergence or divergence at the
endpoints of the interval.

42. (a) For k= N, it'sobvious that

a + - +a,

=a + o +ay+t Z o
n=N+1

For al k> N,

a1-|-...-|-ak
=al+ '“+aN+a'N+l+ +a_k
=t Ayt oyt o g
=a + ---+aN+n: +lcn.

(b) Sinceall of the a, are nonnegative, the partial
sums of the series form a nondecreasing
sequence of real numbers. Part (a) shows that
the sequence is bounded above, so it must
converge to alimit.

43. (a) For k= N, it'sobvious that
d, + - +d

[}

=d; + - +dy+ +lan

For al k> N,
d, + - +d,
=d; + - Fdy+dy,, + o 4
=d + - F+dyta, T -t a
=d + - F+dy + S a,
=N+1

(b) If 3 a converged, that would imply that > d

n

was also convergent.
44. Answerswill vary.
45. 1 46. 3
47.5 48.1
49. 1 -1
In2
51. —% 52. The sumis 6.

m Testing Convergence at Endpoints

(pp. 496-508)

Quick Review 9.5
1. Converges,p > 1
2. Diverges, limit comparison test with integral of%

3. Diverges, comparison test with integral of%
4. Cornverges, comparison test with integral of %

5. Diverges, limit comparison test with integral of
1

Vx



6
8
10

Se

1
3.

7.

9.
11
13.
15.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27

28

29

30

31

32

33

34

35

36

37

38

39

40

. Yes
. No
. No

ction 9.5 Exercises

Diverges

Diverges

. Diverges

Diverges

Converges

Diverges

Diverges

Diverges

Converges absolutely

Converges absolutely

Diverges
Converges absolutely

Converges absolutely

@ (=11
(c) None
(@) (—6,—4)
(c) None

1
(@ (_E’ o)
(c) None

(@ [— 1)
© Atx=%

. (@ (—8,12)
(c) None
(@ (=11
(c) None
(@) [-3,3]
(c) None
. (@ All real numbers
(c) None
. (@ (—8,2)
(c) None
(@) [-4,9)
(o) Atx= -4
(@ (=33
(c) None
.(@) Onlyatx=4
(c) None

13
@ (5]
(c) None

3

. (a) [1, ﬂ
(c) None

[(e N

oo RAN

Converges conditionally

Converges conditionally

Converges conditionally

Converges conditionally
Converges conditionally

(b)
(b)

(b)

(b)

(b)
(b)
(b)
(b)
(b)
(b)
(b)
(b)

® (33

o

. Yes
. No

. Diverges

. Diverges

. Converges
. Converges
10.
12.
14.
16.

Converges
Converges
Converges
Diverges

(—8,12)

(-1,1)

[-3,3]

All real numbers
(=82

(=4,4)

(=33

Atx=14

41.

42.

43.
44,

45.

46.
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@ [-7—1,-7+1)
b)) (—7—-1,—7+1)
(c) Atx=—-7-—-1

@y o[
(c) None
40.554 < sum < 41.555

Comparing areasin the figures, we have

n+1
foraln=1[ fe)dx<a,+ -
1 n

+an<a1+Jf(x)dx
1

If the integral diverges, it must go to infinity, and
the first inequality forces the partial sums of the
seriesto go to infinity aswell, so the seriesis
divergent.

If the integral converges, then the second
inequality puts an upper bound on the partial sums
of the series, and since they are a nondecreasing
sequence, they must converge to afinite sum for
the series.

y

y=f(x)
aN aN+1
4| &
0 N N+1 N+2 n n+l
y
y=f(x
aN aN+1aN+2
L] —
0l N-1 N N+1N+2 n-1 n

Comparing areasin the figures, we have for all
n+1

n=N [ fdx<a -+ +a<a

+ f’:': (%) dx.

If the integral diverges, it must go to infinity, and
the first inequality forces the partial sums of the
seriesto go to infinity aswell, so the seriesis
divergent.

If the integral converges, then the second
inequality puts an upper bound on the partial sums
of the series, and since they are a nondecreasing
sequence, they must converge to afinite sum for
the series.

(a) Divergesby Limit Comparison Test with &

(b) Diverges by the nth-Term Test

(c) Converges absolutely by Direct Comparison
Test with %

(d) Diverges by the Integral Test
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47. Possible answer: > 1
ninn

This series diverges by the Integral Test, but its

Chapter 9 Review Exercises
(pp- 509-511)

partial sums are roughly In (In n), so they are much 1. () o (b) All real numbers
(c) Allreal numbers (d) None

smaller than the partial sums for the harmonic

series, which are about In n. 2 %) ?_7, _1) Eg; ,[A_tZ<=_1—)7
%.@ a=(-D<}) 3@ 5 ® (~53)

(b) Converges by the Alternating Series Test. © (_ % g) (d) None

(c) Thefirst few partial sums are: 4. (a) oo (b) All real numbers

5 7 47 (c) All real numbers (d) None
5=25=15=25=-L5=-2 ) 2
3’4" g3 30 5. (a) + (b) [o, —]
SB=£,S7=g,SB=@, _ 1879 3 3
3(;I 210 4:120 t260 (© [0, %} (d) None
F ternati ies, t is betwi
or an alternating series, the sumis een 6 (@) 1 () (—1,1)
any two adjacent partial sums, so © (=11 (d) None
31
1<g=am=5<3 r@ ® (=3 3)
49. (a) Diverges © (—g %) (d) None
= 3 _ <« 3 . 8. (a) « (b) All real numbers
(b) S_n; 33 +n _n; 3n2 + 1 which (c) All rea numbers (d) None
converges 9.(a) 1 ) [-1,1)
: © (-1,1) d) Atx=—1
Sk )T 1 211
50. () x — 2 + 2 + 10. (@) = (b) [ R e}
_11
(b) —1<x=1 16 (© [\/_e, e} (d) No:j_ v
2 —
(c) Error bound = —5~ < 0.002605 1 Ei)) (_?;/5 \/§) EZ; (None& 3
d) %In 1+ %9 12. (@) 1 (b) [0, 2]_ ~
© (,2) (d) Atx=0andx =2
1 1 13.(a) O (b) x=0only
51. Convergent for 5 =x< > © x=0 (d) None
Use the Ratio Test, Direct Comparison Test, and 14. (a) Tlo (b) {_1710’ Tl())
Alternating Series Test. (©) (—1—10 %) (d) Atx = —1—10
. . 1 15. (& O (b) x=0only
52. (a) B}/ Direct Comparison Test with o (© x=0 (d) None
(b) Divergent by the Integral Test 16. (8) V3 (b) (-V3,V3)
(c) Use Direct Comparison Test with rim from (© (—\@, \@) (d) None

part (b).

53. Use the Alternating Series Test.
54. Use the Alternating Series Test.

55. (a) Itfalstosatisfyu,=u,  ,foraln=N.
(b) Thesumis—%.

56. Answerswill vary.
57. (a) Converges

(c) Converges
58. (@) (—3,5)

© (2]

(b) Converges

(b) [-1,9)
o (2

17. £(x) = ﬁevaluatedatXZ 7. Sum =

18. f(X) = In (1 + X) evaluated at x =

Sum = |n(§).

1

gl

wIN

19. f(X) = sinx evaluated at X = 77. Sum = 0.

20. f(X) = cos x evaluated at x = % Sum = =.

1
2

21. f(X) = e*evduated at x = In 2. Sum = 2.

22. f(x) = tan~1 x evaluated at x = 1 sm-=

m
5

3
23. 1+ 6x+36x2+ - + (6X)" + .-



241 =3+ x8 — . + (=)™ + ..
25.1— 2x2 + x°
26. 4X + 4X% + 43 + oo + 4L
27, mx — {0 L @ gy (”X)ZM
3l 51 (2n + 1)
0g, ~ X 4 A3 A0
" 3 81 3645
n (_1)n+1 <2X>2n+1 .
2n+ 1)!
O P
2. -3ty , 7 (=1 (@n + 1)
2n
301+ 4+ X X
20 4 (2n)!
31.1— Sx (5% +( )n(5x)n
' 2! 4 (2n)!
314 T T -+l<lx)+
' 2 8 ni\ 2
1
Bx—x3+ XXy +(—1)n"n+
21 3l n!
34 3 (Sx)3 (3%° _ 4 (-1 )n(3x
' 3 5 n+1
35. —2X—2X2—8—X3— Lo @)
3 n
36 _X2_X_3_X_4_ _Xn+l_
' 2 3 n
37 1+(xX—2)+(x—22+ (x— 23
38.24+ 7(x+ 1) — 5(x + 1)2+ (x + 1)3

39.

40.

41.
42.

(Finite. General term forn = 4 = 0)

_ _2)2 —_ 2\3
1 x-3, (x-32 (x-3°,
3 9 27 81

+ (_1)n(X3;+?)n 4o

_(X_7T)+(X ) _(X_7T)5+(X_7T)7_
3! 5! 7!
)2n+1

+ (- )n+1(X
@n + 1)!
Diverges. It is —5 times the harmonic series.

Converges conditionally. Alternating Series Test

1
andp = 5
. Converges absolutely. Direct Comparison Test with
1
?.

. Converges absolutely. Ratio Test
45.

Converges conditionally. Alternating Series Test
and Direct Comparison Test with %

46.
47.
. Converges absolutely. nth-Root Test or Ratio Test
49.

50.

51.

52.
53.

54.
55.

56.

57.

58. (a) 1+2x+4x2+8x3+
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Converges absolutely. Integral Test
Converges absolutely. Ratio Test

Diverges. nth-Term Test for Divergence

Converges absolutely. Direct Comparison Test with

1

e

Converges absolutely. Limit Comparison Test

with %

Diverges. nth-Term Test for Divergence

1

6

-1

(@) Py(X) =1+4(x—3)+3(x—3)2+2(x — 3)*
f(3.2) = P4(3.2) = 1.936

(b) Forf:P (x) 4+ 6(x — 3) + 6(x — 3)2
f'(2.7) = P,(2.7) = 2.74

(c) It underesti matesthe values, since the graph of
fisconcave up near x = 3.

(@ f(4) =7andf”(4) = —12

(b) Forf’: Py(x) = =3 + 10(x — 4) — 6(x — 4)?
f'(4.3) = P,(4.3) = —0.54

(© Tx—4) = S(x = 42+ 2(x— 43— ~(x — 4)*

(d) No. One would need the entire Taylor series
for f(x), and it would have to converge to f (x)
ax=3.

(a) X5, X
2 48 768

5 2n+1
+(—1)n (-) +
(2n+ D12
(b) All real numbers. Use the Ratio Test.
(c) Note that the absolute value of f(V(x) is

(b)

bounded by%forall xandaln=1,23, -

Soif —2 < x < 2, the truncation error using
2n+1 - 5

h+1) (+1

To make thisless than 0.1 requiresn = 4.

P,, is bounded by

2n+1

S0, two nonzero terms (up through degree 4)

are needed.

+ (2" + -
( ) Thesen&sforﬁ isknown to
convergefor —1 <t <1, soby substituting
t = 2x, wefind the resulting series converges

for —1<2x< 1.
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58. continued
(c) Possible answer:
f —%) = % SO one percent is approximately

0.0067. It takes 7 terms (up through degree 6).

This can be found by trial and error.

59. (a) i (b) —1—58 ~ 0278

(c) By the Alternating Series Estimation Theorem,

the error is bounded by the size of the next
term, which is%, or about 0.132.
60.(@Q) 1-(x—3)+(x—3)2—(x—3)°3+ -
+(-)"x =3P + ...

g x93 x=3° (x-31
(b) (x—3) - L 4 &= .

b g (—pnx =T
n+1

(c) Evaluate at x = 3.5. Thisis an alternating
series. By the Alternating Series Estimation

Theorem, since the size of the third termis

2—14 < 0.05, the first two terms will suffice.

The estimate for In (g) is0.375.

n
n2"X
n!

6
6L () 1— 232 + 2x4 — 4% +oet(=1)
(b) All real numbers. Use the Ratio Test.
(c) Thisisan aternating series. The difference

will be bounded by the magnitude of the fifth

2\4
term, Whichis& = K.
4l 3
Since —0.6 = x = 0.6, thisterm isless than

8
@ which isless than 0.02.
62. () X2 — 3+ x4 = x>+ oo 4+ (=)X"T2 4 ...
(b) No. The partial sums form the sequence 1, 0,
1,0, 1,0, ... whichhasno limit.

2n
+ ...

11
X
+ ...

x3 x7
63. @ 373 - 11(5")
(_1)nX4n+3
(4n + 3)(2n + 1)!
(b) Thefirst two nonzero terms suffice (through
degree 7).
(c) 0.31026830
64. (a) 0.88566

(b) 2L < 068333
60

(c) Sincefisconcave up, the trapezoids used to
estimate the area lie above the curve, and the
estimate is too large.

(d) Sinceal the derivatives are positive
(and x > 0), the remainder, R (x), must be
positive. This means that P(X) is smaller than
f(X).

(e) e—2~=0.71828

65. (a) Because [$1000(1.08)~M(1.08)" = $1000 will
be available after n years.

(b) Assume that the first payment goesto the
charity at the end of the first year.
1000(1.08) 1 + 1000(1.08) 2

+ 1000(1.08) 2 + ---

(c) Thisisageometric series with sum equal to
$12,500. This represents the amount which
must be invested today in order to completely
fund the perpetuity forever.

66. $16,666.67 [Again, assuming first payment at end
of year.]

1 1\2 1\3 1\4
67. (a) 0(5) + 1(5) + 2(5) + 3@ +
() 14 2x+ 3x2+ 4x3 + ...
(€) X2+ 233 + 3x* + 45 + -

(d) Within 1.5 x 1077

(d) The expected payoff of the gameis $1.

2 2 2|H2
b2V3 | 32V3  3?V3
42 43

68. (a) 2
(b) b2\V/3

(c) No, not every point is removed. But the
remaining points are “isolated” enough that
there are no regions and hence no area
remaining.

1
(1 %2
Substitute x = = to get the desired result.

2
70. (b) Solvex = ﬁ X ~ 2.769,

69 =1+ 2X+32+ 43+ 54+ -
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Chapter 10 22. (a) Because these valuesfor x(t) and y(t) satisfy
Parametric, Vector, and Polar y= %x, which is the equation for the line
Functions through the origin and (h, r), and this range of
t-values gives the correct initial and terminal
Parametric Functions points.
(pp. 513-520) (b) V2 + h2 © 7rVr2+h?
23.(a) 7 (b) =
) ) 24. =22.103
Quick Review 10.1 25, Just substitute x for t and note that & = 1.
1. (1,0) 2.(0, —1) dx
3x2+y?=1 26. Use the parametrization x = g(y), y =y,
4. The portion in the first three quadrants . dy
Ex=ty=t2+1—1=t=3 c =y =d, substitute y for t and noted—y =1
6.x=2cost+2,y=2sint+30=t=27 27. Att = V13 — 1, or ~(3.394, 5.160)
7 3 8.y =x+3V2 28. ~159.485 29. ~144.513
° V2 a” 30, ¥4
9.y=—2x+2¥2 10,388 -3
3 6 27 31. 3ma?
_ _ 32. 5m2ad
Section 10.1 Exercises 33.(a) x=cost + tsint,y =sint — tcost
1. () —Ltant b) —Lsec3t (b) 27
) 2 8 34. (a) x=a(cost +tsint),y = a(sint — t cost)
2.(a) V3 (b) 0 (b) 2aa?
3 V3 35. (a) ~461.749 ft (b) ~41.125 ft
3.(@ — /3+ n (b) r=A 36. (a) ~641.236 ft
5625
4. (a) —t (b) t2 (b) o 87.891 ft
2 2_ ~
5. (a) 2t3£ 2 (b) 6t2t - ;-E;t 37. (a) =840.421 ft
a3 @3 (b) 16875 ~ 2636721t
> g ? @ 38. (a) 703.125f
7.() (2,0)and (2, —2) . (a) 7031251t
(b) (1, —1)and (3, -1) 5625

8. (a) Nowhere (b) = = 3515625 ft

(b) (1,0)and (-1, 0) 39. Just substitute x for t and note that % =1

V3 e
(3.155, 3.079) 41. =~9.417
42. =116.687
(b) Nowhere

10. (a) (-2, 4) and (-2, —2)

(b) (1, 1) and(-5,1) Vectors in the Plane

11. 4 12, % (pp. 520-529)
13, 2\/53‘ 10609 14 =2
15.In2 16. ~4.497 Quick Review 10.2
17. 8x2 18. ~14.214 /75 1
19. ~178.561 20. 1L.Vi7 4
21. (@) x(t) =2t,yt) =t+1,0=t=1 3b=11 4.a=4
(b) 37V5 5.b=6
(© 375 6. (a) 120° (b) 2?”
7. (@) —30° (b) -Z
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8. (a) —45°

9.c= 2.832
10. 6 = 1.046 radians or 59.935°

() 7

Section 10.2 Exercises

1. (@) (9, —6) (b) 3V13
2. (a) (4, —10) (b) 2V29
3.(a) (1,3 (b) V10
4. (a) (5, —7) (b) V74
5. (a) (12, —19) (b) V505
6. (a) (—16,29) (b) V1097
IR
70 6421
8. (a) <—3, E) (b) 2
9.(1, —4) 10. (=1, 1)
11. (=2, —3) 12. (0, 0)
_1V3 11
13.< 2,2> 14.< \/5, s
V3 1 11
15 (=50 —3) 16~ 7
17. (@) v .
(b)
() -v

(b) u

-V
u—v+w
/
2u _
-V
u-—v

2
w %
u

y

(©

(d)

u+tv+w=0
(23 283
21, <_E’ E> 22, <—@, —@>
23. Tangent: i<i, i>

24. Tangent: i<

25. Tangent: t<——, > ~ *+(—0.811, 0.585)

N
=
[{e]
%{m
w

Normal: ¢<i, 1—2> ~ (0.585, 0.811)
26. Tangent: t<i i>
1 1
Normal: +|(—, —
<\f2 \/§>
qf 1
27. Angle at A = cos 1(—) ~ 63.435°
V5
Angleat B = cos~} g) ~ 53.130°

1 1
Angleat C = cos 1(—) ~ 63.435°
V5
28, 90°



29.

30.
31.

32.
33.

34.

(@) Bothequal u;(v; + w;) + Uy(V, + W,).
(b) Bothequal (u; + vyw; + (U, + V)W,
Both equal u,? + u,2.

uU+v)y-Uu-v

= (U + v)(u; — vp) + (U, + V) (U, — V)
= (U2 +u,?) — (V2 + v,9)

- uP -
This comes immediately from cos (g) = 0.
A
(r1,ro)
v
u u+v (Ul’ UZ)

(vy, Vo)

Y

r—V;=uUsor,=u, +v,

r,—V,=U,S0r,=U, +V,

(@) Tofindu — v, place both vectors with their
initial points at the origin. The vector drawn
from the terminal point of v to the terminal
point of uisu — v. Or, add u and —v
according to the parallelogram law.

(b) A

rn—(v)=usr,=u—-v
r,—(—V,) =u,s0r,=u, -V,

Section 10.2 209

35. (@) Let P = (a,b)and Q = (c, d). Then
2o ()00 (Han (e
o 3= (25 -0
0 G = (- 0
(d) Possible answer:

M isafraction of theway fromPto Q. Letd
be this fraction. Then

OM = dOQ + (1 — d)OP.

36.CA= —u—vandCB = u — v. Since
\v| = |u|, these vectors are orthogonal , as
(-u-Vv)-u-v)=pM-u=o

37. Two adjacent sides of the rhombus can be given by
two vectors of the same length, u and v.
Then the diagonals of the rhombus are (u + v) and
(u — v). These two vectors are orthogonal since
U+v)-Uu-v)=u-E=0.

38. Two adjacent sides of arectangle can be given by
two vectors u and v. The diagonals are then
(u + v) and (u — v). These two vectors will be
orthogonal if and only if u and v are the same
length, since
(U+V) - (u—v)=u?- v

39. Let two adjacent sides of the parallelogram be
given by two vectors u and v. The diagonals are
then (u + v) and (u — v). So the lengths of the
diagonals satisfy
u+vR=@u+v):(Uu+v)

=[u2+2u-v+ P
andlu—VvE =@u-v)-Uu-v)
=uf-2u-v+ R

The two lengths will be the sameif and only if
u - v =0, which meansthat u and v are
perpendicular and the parallelogram is arectangle.
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40. Theindicated diagonal is (u + v). The cosine of

the angle between the diagonal and u is
U+v)-u_JuP+v-u

u+vljulfut vl
But the cosine of the angle between the diagonal

andvis
[(U+Vv)-v] _ [u-v+|vP?]
u+viMl  fu+ v
If u and v are the same length then these two

quantities are equal, and the diagonal makes the
same angle with both sides.

41. The slopes are the same.
42.v=20
43. =(—338.095, 725.046)
44. =(104.189, —590.885)
45. Speed = 346.735 mph
direction =14.266° east of north

46. W ~(2.205, 1.432)

47. ~39.3371b

48. (8) ~(4.950, 4.950)
(b) ~(—1.978, 0.950)

49. AB = (—3,4) = CD
50. AB = (2, —5) = CD

51. u = (Uy, Uy), V = (Vy, Vo), W = (W, W,)

MHu+tv=_(u +v,u,+V,)
=(v; tu,Vv,+U,)=Vv+u

i) u+v)+w
= (U; + Vg, Uy + Vo) + (W, W)
=((u; +vp) +wy, (U, +v,) +w,)
= (U + (vy T W), U, + (v, + W,))
=u-+(v+w)

(iii) u + 0 =(u;, u,) +¢0,0) = (u; + 0,u, + 0)

=(u;, Uy) =u
(iv) u + (—u) = (uy, uy) + (—u;, —uy)
=(u; —u,u,—uy,)=¢0,0=0
(v) Ou = Xuy, uy) = (Ouy, Ou,) =¢0,0) =0
(vi) 1u = L{uy, uy) = (1u;, 1u,) = (uy, Uy) = U
(vii) a(bu) = a(b(u,, u,)) = abuy,, bu,)
= (abu,, abu,) = alu,, u,) = (ab)u
(viii) a(u + v) = a{u; + v;, U, + V)
= (au; + av;, au, + av,)
= (auy, au,) + (av;, av,)
a(uy, uy) + alvy, v,)
=au + av
(ix) (@+ bu = (a + b)(uy, u,)
={((a + b)u;, (a + b)u,)
= (au, + buy, au, + bu,)
= (auy, au,) + (buy, bu,) = au + bu

52. (3, 4) = g %> + <_£ 1>
53. (@) y=—x—1

(b)) y=x+3

54. cos™ 1(71—\25> ~ 8.130°

Vector-valued Functions
(pp. 529-539)

Quick Review 10.3

1 4 .
ly= (——)x + ——, or approximately
Va3 V3
y = —0.577x + 2.309
2.y= V3x
3.0
4. Undefined; vertical tangent
5. y= (—ST\@)x + 10
6.y= (4—\/§)x + 2
15 10
1
"4
. =3.400
9. =2.958

10.y=xe*—eX+ 3

Section 10.3 Exercises

1.6l — 3 2. —3i + 4
3@ —i—j (b) 7i + 5
4.(a) 8 + 2 (b) 2i — 6

(c) 15 — 6 (d) i — 16j
5. (a)

N
N

[—6,6] by [—-4,4]
(b) v(t) = (—2sint)i + (3 cost)j
a(t) = (—2cost)i + (—3sint)j
(c) Speed = 2; direction = (—1, 0)
(d) Velocity = 2(—1, 0)
6. (a)

-]

=

[—45,45] by [-3, 3]
(b) v(t) = (—2sin2t)i + (2 cost)j

a(t) = (—4cos2t)i — (2sint)j
(c) Speed = 2; direction = (0, 1)
(d) Velocity = 2(0, 1)



7.

11
12.

13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24.
25.

26.

. () j

@ y=-1
10.

NN
AN

[—6, 6] by [—4, 4]
(b) v(t) = (secttant)i + (sec?t)]
at) = (secttan?t + secdt)i + (2 sec?t tan t)]

(c) Speed = 2\/_ ; direction = <i L)

V5 Vs

(d) Velocity = 235<\/_ é>

[-6,6] by [-3,9]
®) v = (25 + @)

a(t) = (— T +21)2>i + 2

(c) Speed = V/5: direction = <% %)
5
d) Velocit V5 (=, 2
(d) Veloalty = <w w>
(b) x=0
_§X+ 6V2-7
2
5\f2+ 18
6

(¢

@ y=

(b) y=
—3i + (4\f - 2)
Ve

2

(sect)i + (Injsect))j + C

(Injthi — (n|5—t)j + C

r) = (t+ 1% - 1i— (e - 1)
r) = (% + 2t% + 1)i + (g + 1)j
r(t) = (8t + 100)i + (—16t2 + 8t)j
r(t)—( —+1o) < §+10)j
t=0,m 27

t= %T k any nonnegative integer
t= l%r k any nonnegative integer
For all values of t

cos™ 1(5) 53.130°

90°

(@ 3i (b) t#0, -3
(c)t=0,-3

(a) 2i (b) (1,00 U (0, »)

(© (== -1 U{0}
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27. 2
28. (@) Initial = ( ) terminal = (—8 -2, e4)
4’ 4

b) £7 ~ 746,989
16 _ 3 _
© = #) ~ 1,737,746.456
29. (@) v(t) = (cost)i — (2sin 2t)j
T 3w
) t=57

(© y=1-2x2 —1=x= 1 Theparticle starts
at (0, 1), goesto (1, —1), then goesto
(=1, —1), and then goes to (0, 1), tracing the
curve twice.
—4
30. @ 2t2 2t
(b) t = —2: horizontal tangent at (—28, 16)

t = 0: vertical tangent at (0, 0)

t = 1: vertical tangent at (—1, —11)

t = 2: horizontal tangent (4, —16)

31 r(t) = (%2 + 3\/f)t + 1)
+ (—ltz - ﬂt + 2)j
2 5
32. () (2V'2, 6) (b) —6

(c) —12
33. (a) 160 seconds (b) 225 meters

(© % meters per second
(d) Att = 80 seconds

4. (a) t=2
(b) First particle: <% —%>
Second particle: <7 %>

35. (a) Referring to the figure, look at the circular arc
from the point wheret = 0 to the point “m”
On one hand, this arc has length given by r 0,
but it also has length given by vt. Setting those
two quantltleﬁ equal givesthe result.

(b) a(t) = _ro Kcos;’t) i+ (gnrﬂ)j]

0 0

v\2
(c) From part (b) above, a(t) = —(r—) r(t).
0

2

So, by Newton's second law, F = —rr(rl) r.
0

Substituting for F in the law of gravitation

givesthe result.
(d) Set ‘;—T = 27 and solve for VT,
GM

o

(e Substltute T forvva— and solve for

T2

36.y=(e—12—1ory=e>—2eforx=0
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37. (a) Apply Corollary 3 to each component
separately.

(b) Followsimmediately from (a) since any two

anti-derivatives of r(t) must have identica
derivatives, namely r(t).

d d
38 —|vl==—(v:v)=V -v+v:.V =2v.Vv =0.
dyp=di.y)

Therefore, |v| is constant.
dc, dc,

dcC
. L = L — = i —
39. LetC (Cl, C2> m < i

> = (0, 0).
40. (a) Supposeu = {u,(t), uy(t)).
%(cu) = %(cul(t), Cu,(t))

_[d d
= (SO, §eu)
=M (G| O ) du
_<Cdt’cdt>_c< @ a
dopy = 94

(b) a(fu) = dt<fu1’ fu,)
= (fu,’ + f'u; fuy +f'u,)
=(fu,, fu,) + (f'u;, f'uy)
=fu +f'u

41 u = (U, Uy, V = (v}, V)

d d

@ a(udJr V) = 5«31 + vy, U, + V)
= <E(u1 + V), a(u2 + v2)>
=(u, +v,",u +Vv,))

’ ’ ’ "no_ du dv
:<”1’”2>+<V1’V2>_E+E
0 - vy = Qe — B
(b) E(U V) = E(<U1 vy Uy = V)
d d
= <a(u1 - Vl), a(uz - V2)>
— <ulr _ Vl/, uzr _ v2/>

= <u1,! U2/> - <V1,! V2/>

_Gu _dv

dt dt

g0, 90 _ i dg;
dat dt dt

()~ (@ )

:<ﬂ.$)i+(@.ﬂ>j
dt ds dt ds

= ﬂi + %J
ds ds
:d_r

ds
43. f(t) and g(t) differentiableat ¢ 0 f(t) and g(t)
continuous at c O r(t) = f(t)i + g(t)j is
continuous at c.

44, (a) Letr(t) = x(t), y(b)).

45.

b b
[ ke at = [ doxt), ky(o) et
a b a b
- < L lox(t) i, L ky(t) dt>
— <kf " (b K[ "y dt>
ab ba b
— k< L X(t) d, L y(t) dt> - kL x(0), y(b) dt
=k "o t
(b) Letry(t) = (xy(1), y; (1)) and r 5(t) = (x,(1), y(1))-
b
L (ry(t) = 1)
b
= [ (0. y3(0) = 060, y00)
b

= [ 000 = 307,00 = y,0) et
b b

= ([ 040 £ O et | 000 = y,0) t)

b b b b

- < Ja x,(t) dt = L x,(t) c, Ja yy(t) dt = L 0 dt>
b b b b

- < Ja x,(t) ct, L vt dt> - < Ja x,(t) c, L v, dt>

=fbr1(t) dtinrz(t) dt

(c) LetC =<(C,, C)), r(t) = {x(t), y(1)).
fbc Cr(t) dt = fb(clxt + Cyt)

a b a b

=c, [ xdt+C, [ yat
a b a b

=(C,,C, - <L xtdt,L ytdt>

-c-| " e

(@) Letr(t) = f(0)i + g(t)j. Then

2] r@da=[ (1@ + o@il dq
dl/(t . t .

- a[(f f(a) da] i + (L?“‘) dal) |

= (&, f@aa)i + (] ot a)

=f()i + Q(E)J' =r(t).

(b) Let S(t) = f r(qg) dg. Then part (a) shows that
S(t) isan an?iderivative of r(t). Let R(t) be any
antiderivative of r(t). Then according to 37(b),
S(t) = R(t) + C. Lettingt = a, we have
0= S(a) = R(a) + C. Therefore,

C = —R(a) and S(t) = R(t) — R(a).
Theresult follows by lettingt = b.



Modeling Projectile Motion
(pp- 539-552)

Quick Review 10.4

1
2.

3.

4.
5.
6.
7.
8.

0.
10.

(50 cos 25°, 50 sin 25°) = (45.315, 21.131)
(—40, 40V/3)

x-intercepts: (g 0) and (—8, 0)

y-intercept: (0, —40)

1 _a

4’ 8

x-intercepts: (0, 0) and (20, 0)

y-intercept: (0, 0)

(10, 100)

y= —cosx + 2
3

yzt—+3t+§
3 3

y =16+ 4et

y=2-¢ex

Section 10.4 Exercises

1
2.
3.

12.
13.

14.
15.
16.

17.

50 seconds

490 m/sec

(@) After =72.154 seconds,
~25.510 km downrange

(b) 4020 m

(c) =6377.55m

. After 2 seconds, 32\/3 ~ 55.426 feet away

(horizontally)

. After =2.135 seconds, =66.421 feet from the

stopboard

. =1.184 inches
(@ 7V2~9.899 m/sec

(b) ~18.435° or 71.565°

. ~3.136 X 10~ 14 meters, or ~3.136 X 10712 cm
. =278.016 ft/sec, or =189.556 mph

. Yes, =32.079°

. No. When it has travelled 135 ft in the horizontal

direction, it isonly about 29.942 feet above the
ground.

~=0.255 feet beyond the pin

(a) =149.307 ft/sec

(b) ==2.245 seconds

Inthe formulafor range, sin 2a = sin 2(90 — a).

~39.261° and 50.739°

(a) Substitute 2v, for v, in the formulafor range.

(b) 41%
~46.597 ft/sec

18.

19.

20.
21.

22.

23.

24.

Section 10.4 213

y(t) = vg(sin a)t — %th, and we know the

. o (psne)?
maximum height |sM and it occurs when
V,sin _ VoSna .
t=0""% gybgitutingt = > into the
g .
3(vp Sin @)?

equation for y(t) gives a height of 8y

which is three-fourths of the maximum height.
Integrating, %r(t) =i + (—gt + c,)j. Theinitial
condition on the velocity gives ¢, = v, cosa and
C, = Vp Sina. Integrating again,
r(t) = ((vycosa)t + cy)i
2
+ (—% + (v Sina)t + c4)j.
Theinitial condition on the position gives
Cy = Xpandc, =Y,
~78.7 ft/sec
It takes about 1.924 seconds. The arrow passes
about 3.698 feet above therim. (It's 73.698 feet
above the ground.)
The projectile rises straight up and then falls
straight down, returning to the firing point.
Angle = 62°
Maximum height= 4 feet (independent of the
measured angle)

Speed of engine~= 8.507 ft/sec (changes with the
angle)

The height of Aisgivenby y, = (vsina)t — %gt2
and the height of B is given by

yg = Rtana — %gtz. The second termsiny, and
Ys (—%) are equal for any value of t. But A

moves R units horizontally to B'sline of fall in

time units, and the first termsiny, and y

Vv Cosa

are also equal at that time;

(vsin a)( ) = Rtan a. Therefore, A and B
Vv Ccosa

will always be at the same height when A reaches

B'sline of fall.
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25. (@)

(b)

Vo

)
I
Y

R

\\(Rcose, —Rsing)

X = (v, cos o)t
1
y = (Vpsino)t — Egt2

X = RcospB [ RcosB = (v, cos o)t

0 t=R%9L Theny= —Rsing

Vv, Cos 0
. sin 6) R cos
D—Rsmﬁ=(vo ) B_QRZZCOSZB
v, cos 6 2 v, cos?
2
0 B
= cos6 sin (6 + .
g0 B 6+ B)

Letf(#) = cosO sin(6 + B).

f'(6) = cosfcos(d + B) —sinfsin(6 + B)
f'@) =00 tanftan(®@ + B) =1

O tan 6 = cot (0 + B)

06+ B =90 —0.Notethat f"(f) <0,s0R
ismaximum when 6 + 8 = 90° — 6.

A

Vo

2\ (ReosB, Rsing)

-
>

_ cos @ sin (§ — B) is maximum
cos? B
whentan 0 = cot (0 — B),
s0f — B =90 — 6.
Theinitial velocity vector bisects the angle

between the hill and the vertical for max
range.

26. (@) r(t) = (x(@®)i + (y(t))j, where

27.

28.

29.

(b)
(©
(d)

(€)

@

(b)
(©
(d)

()

(b)
(©
(d)

()

@)

(b)

X(t) = (145 cos 23° — 14)t and

y(t) = 2.5 + (145 sin 23°)t — 16t2.

Att = 1.771 seconds, it reaches a maximum
height of about 52.655 feet.

Range = 428.262 feet

flight time =~ 3.585 seconds

Att= 0.342 and t = 3.199 seconds, and it is
40.847 and 382.208 feet from home plate at
those times.

Yes. According to part (d), the ball is till

20 feet above the ground when it is 382 feet
from home plate.

(Assuming that “X” is zero at the point of
impact.)

r(t) = (x®)i + (y(1)j, where

X(t) = (35 cos 27°)t and

y(t) = 4 + (35sin 27°)t — 16t2.

At t = 0.497 seconds, it reaches its maximum
height of about 7.945 feet.

Range = 37.460 feet

flight time = 1.201 seconds

Att= 0.254 and t = 0.740 seconds, wheniit is
~=29.554 and ~14.396 feet from where it will
land.

Yes. It changes things because the ball won't
clear the net.

r(t) = x®)i + (y(1)j, where

x(t) = (é%)(l — e~ 012(cos 20°) and

y(t) = 3 + (%)(1 — e~012)(sin 207)
+ (03122 2)(1 — 0.12t — e012

At t = 1.484 seconds it reaches its maximum
height of about 40.435 feet.

Range =~ 372.323 feset

flight time =~ 3.126 seconds

Att = 0.689 and t = 2.305 seconds, whenit is
about 94.513 and 287.628 feet from home
plate.

Yes, the batter has hit a home run since the
ball is more than 15 feet above the ground
when it passes over the fence.

r(®) = (O + (\(1)j, where

x(t) = (0—38>(1 — 008t (152 cos 20° — 17.6)
and
Vi) =3+ (%)(1 — e-008Y(5in 207)

+ ( 322)(1 — 0.08t — e~ 008
0.08

At t = 1.527 seconds it reaches its maximum
height of about 41.893 feet.



30.

31.

32.

() Range = 351.734 feet
Flight time = 3.181 seconds

(d) Att=0.877 andt = 2.190 seconds, when itis
about 106.028 and 251.530 feet from home
plate.

(e) No. Thewind gust would need to be greater
than 12.846 ft/sec in the direction of the hitin
order for the bal to clear the fence for ahome

run.
€Y
[0, 500] by [0, 50]

(b) drag coeff timeatmax ht max ht
k=001 t~ 1612 44777
k=0.02 t~ 1599 44.336
k=10.10 t =~ 1.505 41.149
k=0.15 t= 1454 39.419
k=020 t =~ 1.407 37.854
k=025 t~ 1.363 36.431

(c) drag coeff flight time range
k=001 t =~ 3.289 462.152
k=0.02 t =~ 3.273 452.478
k=10.10 t =~ 3.153 386.274
k=0.15 t =~ 3.088 352.983
k=020 t =~ 3.028 324.410
k=025 t = 2974 299.661

(d) Thisfollows from the following two limits
(aSk — 0)

. l-e7H

L|m =t, and
-0

_ _ Akt 2
limi-k—-ef_
k-0 k2 2

Ask - 0, the air resistance approaches 0.

The pointsin question are (x, y) = <§ ymax)- So,
_vlsnaoosa g MoSnal o ituting

these into the given equation for the ellipse yields

an identity.

2
From Equation (10), find (%) and (%) and then
show that they satisfy both the equation and the

initial conditions.
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Polar Coordinates and Polar
Graphs (pp. 552-559)

Quick Review 10.5

lLy=-x+2
3.(x+22+(y—42=4
4. (@) No

(b) No

(c) Yes
5. (@ No

(b) No

() No
6. (@) No

(b) Yes

() No
7. (@) Yes

(b) Yes

(c) Yes
8. Graphy = (x — 2)”12/2and y=—(X— 2)1’21/2
9. Graphy = (4_)(2 4;)(2)
10. (x — 2)2 + (y + 3)2 = 4, center = (2, —3),

radius = 2

2.x2+y2=9

andy = —<

Section 10.5 Exercises

1. (a) and (e) are the same.
(b) and (g) are the same.
(c) and (h) are the same.
(d) and (f) are the same.

2. (a) and (f) are the same.
(b) and (h) are the same.
(c) and (g) are the same.
(d) and (e) are the same.

3.
[-3,3]by[-2 2]
@ (1,1
() (1,0)
© (0.0
@ (-1 -1
4. e
[*9,5\3]/@/[*6,6]
3v3 _3
@ (5 3)
®) @4
© (1.0

(d) (—V3,3)
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5.

6.

10.

11.

(6 [ 4,4]
o
0 b 3ofa)”

) (1, 7)or (—1, 0)

(1]

1]

[

-9,9 by[ 6, 6]

e
® (5.

T)or(-2%

_14) ( 5,7+ tan™ 1:)

)

© (2.5 )or(2 )

(d) (2,0) or (2, 27)
7.

-

-,

b

L/

[-6,6] by [-4,4]

)

Gy

[-3,3by[-22]

[—3,3 by [-2 2]

N

12.
7
13.
AR

[-3,3by[-22]

14.
N

[-3,3 by [-2,2]
15.
16.

[-3,3by[-22]
17. 1

iR
[-1.8,1.8 by [-1.2,1.2]
18. P
il
il
N

19. y = 0, the x-axis
20. x = 0, the y-axis
21.y = 4, ahorizontal line

22.
23.

x = —3, avertica line
X +y=1,aline(dope = —1, y-intercept = 1)

24. x2 + y2 = 1, acircle (center = (0, 0), radius = 1)
25. x2 + y2 = 4y, acircle (center = (0, 2), radius = 2)
26. y — 2x = 5, aline (dope = 2, y-intercept = 5)

27. xy = 1, ahyperbola

28. y2 = x, aparabola

29. y = &%, the exponential curve

30. x2 = y?2, the union of two lines; y = *+x

31. y = Inx, the logarithmic curve

32.

x+y)?=1,
theunion of two lines: x +y = *=1



33.

34.

35.

36.

37.
38.

39.

40.
41.
42.
43.
44,
45,
46.
47.
48.
49,

50.

51

52.

(x + 2)2 + y2 = 4, acircle (center = (-2, 0),

radius = 2)

x2 4+ (y — 4)2 = 16, acircle (center = (0, 4),

radius = 4)

(x — 12+ (y — 1)2 = 2, acircle (center = (1, 1),

radius = V'2)

x+V3y =4,

, 1 . 4

aline (slope = ——, y-intercept = —)

V3 V3

rcosf =7

rsng=1
p="7
4
rcosf —rsnf =3

r2=4orr=2

ré(cos? 6 — sin?p) =1

r4(4 cos? 0 + 9sin?6) = 36
récosfsing =2orr2sin20 =4
rsin?6 = 4 coséb

r4(1+ cosfsing) =1
r=4sné

r2—6rcosf +2rsinfd+6=0

(@) ~
L/

[-3.3]by[-22]
(b) Length of interval = 27

(@
I/h
Ny

[—6,6] by [~4, 4]
(b) Length of interval = 27

@) C\
)

[~15,15] by [-1,1]
(b) Length of interval =

L

[-3.3] by [~2.2]
(b) Length of interval = 27

T

2

Section 10.5

53. (a)

[-3.75,3.75 by [-2, 3]
(b) Length of interval = 27

P LA
NOZ,

[~15, 1.5] by [~1, 1]
(b) Length of interval = 4

55. (@) 7 \"
()
N\

ary
[—15, 15] by [ 10, 10]
(b) Requiredinterval = (—oe, )

56. (a)

[-3.3by[-22]
(b) Length of interval = 27

57. (a)

e
[-3,3by[-22]

(b) Length of interval = 7
58. (a) =

-

L'

(&

[3.3] by [~1, 3]
(b) Length of interval = 27
59. x-axis, y-axis, origin
60. Origin
61. y-axis
62. x-axis, y-axis, origin
63. (a) Becauser = asec 0 isequivalent to
r cos® = a, which isequivalent to the
Cartesian equation x = a.
(b) r =acschisequivaenttoy = a.

217
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64. (a) Thegraphisthesameforn=2andn = -2,
and in generd, it'sthe same for n = 2k and
n= —2k Thegraphsforn = 2,4, and 6 are
roseswith 4, 8, and 12 “petals’ respectively.
Thegraphsforn = =2 and n = =6 are shown
below.

CAD

[=3.3]by[-2 2]

(b) 27

(c) Thegraphisarosewith 2| “petals’.

(d) Thegraphsareroseswith 3, 5, and 7 “petals’
respectively. The “center leaf” points upward
if n= -3, +5,0r —7. Thegraphsforn =3
and n = —3 are shown below.

0

(=33 by [-2 2]

) -

[-3,3by[-22]
(e) =
(f) Thegraphisarosewith |n|“petals’.

65. (a) Wehavex =rcosf andy = r sin 6. By taking
t=0,wehaver = f(t), sox = f(t) cost and
y=1({)sint.

(b) x=3cost,y=3sint
(c) x= (1 — cost) cost,y = (1 — cost) sint
(d) x=(3sin2t) cost,y = (3sin2t) sint
66. (a)

n=>

[-9,9] by [-6,6]

(b)

[—9, 9] by [-6, 6]
(c) Thegraph of r, isthe graph of r, rotated
counterclockwise about the origin by the
angle a.

67.d = [(Xz - X1)2 + (yz + y1)2]1/2
= [(r, cos6, — r, cos6,)?
+ (r,sin6, — r; sing,)7Y2
and then simplify using trigonometric identities.
68. (a) e

H=0.E E‘““-i

[—9, 9] by [~6, 6]
The graphs are ellipses.
(b) Ask - 0%, the graph approaches the circle of
radius 2 centered at the origin.

69. (a) \:77 -
AN

[—5, 25] by [10, 10]
The graphs are hyperbolas.

(b) Ask - 1%, theright branch of the hyperbola
goestoinfinity and “ disappears’. The left
branch approaches the parabolay? = 4 — 4x.

70. (a) T~

'\-\_‘_',1 b
- '|= }
=1 |
—
[ — .-lr,.-"ll-c:l
[-9,9] by [-6, 6]
The graphs are parabolas.
(b) Ask - 0%, thelimit of the graphisthe
negative x-axis.

Calculus of Polar Curves
(pp- 559-568)

Quick Review 10.6

1. —g cott
(0, 5) and (0, —5)
. ~12.763

3
5
6. The upper half of the outer loop
7
8
9

2 —g cot 2 ~ 0.763
4. (3,0) and (=3, 0)

. Theinner loop
. The lower half of the outer loop
. 36 10. =2.403

Section 10.6 Exercises

1.AtO=0: —1
At =71
2. At = 0: undefined
me=—%o
At =2:0
2

At 0 = 7 undefined



LAt (2,0): —
At(—1,Z):.0
)

At (5, 3—”): 0
2

wIN

. At (1.5, %) undefined
At (4.5, 2—”): 0
3

At (6, 77): undefined

A%&%%l
.e=g [x = 0]
o= e
6=7 [x=0]
o< e
6=0 [y=0]
0=% =gy
0= Z?W _y = (tan Z?W)X_
<% oy
-5 |y
.6=0 [y=0]
e=g [x = 0]
. Horizontal at: ( % %) [y= —%].
(-2%) =3
(-2%) v=2
Vertical at: (0, %) [x = 0],
5] =
(-387) [x- _3V3
2' 6 4

11.

12.

13.

15.
17.
19.

21.

23.
25.

26.

Section 106 219
10. Horizontal at: (g, 3) [y = 3—\/5]
2’3 4
(0,m) [y=0,
5%) =
2"3) | 4
Vertical at: ~ (2,0) [x= 2],
2%) [x=—3]
2’ 3 4|
44) [
23] | 4]
@2 27) [x=2]
Horizontal at: (0,0) [y = 0],
7T j—
23) =2,
(0,m) [y=0]
Vertical at: VZ%)[x=n,
VZ%Q [x=—1]
Horizontal at: (—0.676, 0.405) [y~ —0.267],
(5.176, 2.146) [y ~ 4.343],
(5.176, 4.137) [y~ —4.343],
(—0.676,5.878) [y~ 0.267]
Vertical at: ~ (-1,0) [x= —1],
(HLM)PL%
16
(7,m) [x=-T],
(15,5.097) |x= 3],
16
(-1,2m) [x=-1]
187 14.%wa2
2a 16. =
8
2 18. 4
T _1 20 2™ _ ﬁ
2 "3 2
57— 8 22. 67 — 16
alr 24.3V3 -
8 — 77\/_
@)%§+zw (b) 3V3+ 7
127 — 9V/3 28, 3V3

27.
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3
29.(a - ——
(@ 3

(b) Yes.x=tan6cosf 0 x=sin@
sn? 6

=t ino 0 y=
y=tan6sn y oy

lim x=—1,
0 —ml/2+

lim x=1, lim y=o»
0 m/2- 0 ml2-

30. Theintegra givenisincorrect becauser = cos6

lim =0
0 —m2+ y=

sweeps out the circle twice as 6 goes from 0 to 2.
You can't use equation (2) from the text on the
interval [0 277] becauser = cos @ is negative for

T<p< 7 The correct areais— S , Wwhich can be

2
found by computing the areas of the cardioi E 7
and the ci rcIe% separately and subtracting.

19

317 32 em— 1
33. 8 34. 2a

35. ~6.887 36. ~2.296
37. 7 ; 3 38. 21

39. 7\V/2 ~ 4.443

40. V/5m(e™2 + 1) ~ 40.818

41. (4 — 2V2)m ~ 3.681
42. 4222

(5] o)
= (f'(0) cos® — () sin )2
+ (f(8) Sin 6 + (0) cos )2
= (f'(0) cos )2 + (f(0) Sin )2 + (f'(0) Sin )2
+ (f(6) cos 6)?
= (f(0))XSN2 0 + cos? )
+ (f'(0))%(cos? 0 + sin? )

= (1@ + (o =r+ ()
44. (a) a
(b) a
© =
45. 1f g(6) = 2f(6), then
Vg(0)2 + g'(0)2 = 2V (0)2 + f'(0)?, so the
length of g is 2 timesthe length of f.
46. If g(6) = 2f(6), then
27 g(h) sin 6 Vg(0)? + g’'(0)?
=427 f(0) sin 6 VI(0)2 + f'(h)3],

so the area generated by g is4 timesthat of f.

47. (a) Letr = 1.75 + 9989
21
(b) Smceﬂ = —, thisisjust Equation 4 for the
do 27

length of the curve.
(c) =741.420cm, or =7.414 m

(d) (fz + (%)2)112 = r(l + <%>2>u2 ~ r since

2
(%) isavery small quantity squared.
T

(e) L = 741.420 cm (from part (c)),
L,~ 741416 cm

48. (a) Usethe approximation, L_, from 47(e). If the

b a'l
reel has made n complete turns, then the angle
is 27rn. So from the integral,

L, = mbn? + 27 yn. Solving for n gives

(Bl 2

(b) Thetake up reel slowsdown astime
progresses.

(c) Sincel isproportional to time, the formulain
part (a) shows that n will grow roughly as the
square root of time.

49, (2 o)

Chapter 10 Review Exercises
(pp. 569-572)

1. (@) (—17, 32)
(b) V1313
2.(a) (~1, —1)
(b) V2
3. (a) (6, —8)
(b) 10
4. (a) (10, —25)
(b) V725 =5V29
5. <-V§

- —%> [assuming counterclockwise]

o 53
" vl
8. (—3,—4)

9. (@ y=§x+

(b) 4

1
4



10. (@) y= —3x + %

(b) 6

11. (a) (o, %) and (o, —%)
(b) Nowhere

12. (a) (0,2) and (0, —2)
(b) (—2,0)and (2, 0)

13. (a) (0, 0)
(b) Nowhere

14. (a) (0,9) and (0, —9)
(b) (—4,0)and (4, 0)

15.
[~7.5,7.5] by [-5, 5]
16.
[~7.5,7.5] by [-5, 5]
17. (a)
[~15, 1.5 by [1, 1]
(b) 2
18. (a)
(b)
19. (a) O
[~15, 1.5 by [1, 1]
T
(b) B
20. (a)
[~15,15] by [1, 1]
(b)
21, Tangent linesat 6 = 7, 37 57 ang /™
4' 4 4 4

Cartesian equationsarey = *x.

22. Tangent lines at 6 = %and%“
Cartesian equationisx = 0.

23.

24.

25.
26.
27.

28.

29.
30.

31.
33.

34.

35.
. 4\V3

37.8

38.
39.
40.
41.
42.

36

45.
46.
47.

48.

49,
50.

51.

52.

53.
.at) = (—2etsint)i + (2 el cost)j, and
r(t) - a(t) = Ofor dl t. The angle betweenr and a

55.
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Horizontal: y = 0,y = =0.443,y = +£1.739
Vertical: x = 2, x = 0.067, x = —1.104

Horizontal: y = % y=—4
Vertical: x = 0, x = +2.598

y=tx+\/§andy:ix—\/§
y=x—landy=-x-1
x =y, aline

X2 +y? = 3x,

aci rcIe(center = (g 0), radius = %)

x2 = 4y, aparabola
X—\/§y=4\/§0ry=%—4,aline

3
r=-5sn6 32.r=2sn6
r2cos?6 + 4r2sin26 = 16, or
2 16

cos? 0 + 4sin? 6
(rcosh + 22+ (rsinf — 52 =16

In2+24
8

~ 3.087

V2
m—3
V2
~3.183
~12.363
97

2

T

12

E]

+2

~N O
()]
L]:]

3
~10.110

7(2 — V?2) ~ 1.840

dar ~ 12.566

@ v(t) = (—4sint)i + (V2 cost);
a(t) = (—4 cost)i + (—V2sint)j

(b) 3

() cos‘lg ~ 38.942°

@ v(t) = (V3secttant)i + (V3 sec? )]
a(t) = V3 (sect tan? t + sec3t)i
+ (2V3sec? ttan t)j
(b) V3
(c) 90°
1

isaways 90°.
6i



222 Chapter 10 Review

56. 3i + (In 2)j

57.r(t) = (cost — 1)i + (sint + 1)j
58.r(t) = (tan~1t + )i + V2 + 1j
59.r(t) =i + tg

60. r(t) = (—t2 + 6t —
61. (a) ”\/_

2)i + (—t2+ 2t + 2)j
~ 3.238

2

3
(b) x-component:
16\/52
57
y-component: —
16V?2

(C) X_2 + y_2 —

9 25
62. (a) ~25.874

12507

(b) 2

(©) ~1040.728
63.(a) 1

(b) e3V2

© (8- 1)V2
64. (a) ﬁ

4144
() 135

() ———\/x+

65. Speed 591.982 mph
Direction = 8.179° north of east

66. Direction = 2.073°
Length = 411.891 |bs

67. It hits the ground = 2.135 seconds | ater,
approximately 66.421 horizontal feet from where it
left the thrower’s hand. Assuming it doesn’t
bounce or roll, it will still be there 3 seconds after

it was thrown.
68. 57 feet
69. (a)
N
[—2,10] by [-2, 6]
(b) v(0) = (0, 0) v(l) = (277 0)
a(0) =(0, 7% a1 = 72)
v(2) = (0, 0 v(3) = (277 0)
a2 =(0, 7% a3 =(0,—m?

(c) Topmost point: 27 ft/sec
center of whesdl: 7 ft/sec
Reasons: Since the whed! rollshalf a
circumference, or 7 feet every second, the
center of the wheel will move 7 feet every
second. Since the rim of the wheel isturning at
arate of 7 ft/sec about the center, the velocity
of the topmost point relative to the center is
7 ft/sec, giving it atotal velocity of 27 ft/sec.

70. For 4325 yds: v, =~ 644.360 ft/sec
For 4752 yds: v, = 675.420 ft/sec

71. () =59.195 ft/sec
(b) =74.584 ft/sec

72. (a) =91.08 ft/sec
(b) 59.97 ft

73. We halve X = (Vgt) cosa and
y + & 2 = (Vgt) sin «. Squaring and adding gives
= (Vg)A(cos? o + sin? ar) = vt2.

74. (@) r(t) = (155cos18° — 11.7ti
+ (4 + 155sin 18°t — 16t3);j
X(t) = (155 cos 18° — 11.7)t
y(t) = 4 + 155 sin 18°t — 16t2

(b) At =1.497 seconds, it reaches a maximum
height of =39.847 ft.

() Range = 417.307 ft
Flight time = 3.075 sec

(d) Attimest = 0.534 andt = 2.460 seconds,
when it is =72.406 and ~333.867 feet from
home plate.

(e) Yes, the batter has hit a home run. When the
ball is 380 feet from home plate (at t = 2.800
seconds), it is approximately 12.673 feet off
the ground and therefore clears the fence by at
least two feet.

2 at°
x+<y+2>

75. (@)
() = {(155 cos18° — 11. 7)(W>(1 e 009t)]|

+ [4 + <155$|n 18° )(1 _ e—0.0Qt)
0.09

2 (1 0,00t - e‘0-09t)]j

0.09
x(t) = (155 cos 18° — 11.7)(0_29)(1 ~ 009

_ 155sin 18° _ —0.00t
y(t) 4+<—0_09 )(1 e~ 00%)

Z _ o009t
0.092(1 0.0%t — e )
(b) At =1.404 seconds, it reaches a maximum
height of =36.921 feet.
(c) Range = 352.520 ft
Flight time = 2.959 secs
(d) Attimest = 0.753 andt = 2.068 seconds,
when it is =98.799 and ~256.138 feet from
home plate
() No, the batter has not hit ahome run. If the
drag coefficient k is less than =0.011, the hit
will be ahome run.
76. (a) BD =AD — AB

l1r_17:5, 1+

(b) AP = AB + = ,BD =" AB+ AD

(©) AC= AB +AD, ) by part (b), AP = %/Tc.

77. The widths between the successive turns are
constant and are given by 27a.



10.
11.

12.

13.

15.

16.

17.

19.

21

22. —

24.

26.

27.
28.

29.

30.
31.

32.

33.

oNO®w B

() 1 (b

T+ cosx)“(l a

Cumulative Review Exercises
(pp- 573-576)

0 2.
-1 4,
3 6.
e? 8.

4>|oo

-1

-<|Aoo|4

)
(© 1 (d)
(e) No
Allx=—-2andx=2

Horizontal: y = 0

es

vertical: x = O,XZ%

One possible answer:

."/FF
)

[—10, 10] by [—4, 4]

—

1 3
s 14—
3

sm(\/l—3x)
2 — 3x
sinxsec2x+tanxcos

2X
X2+ 1
2xtan~1x +

_ (sinX)(1 + cos?x)
X . S A S
COS? X

18. (2x — 1)e’x

20. (x 3 — 3x~%)eX

X
1+ x2

3csc? x
CSC X COt X — COS X CSC X COt X)

_ _ 3(1—2cosx)
(sin*x)(1 + cosx)3
1 23 1+ xysin (xy)

||1—x2 1+ x2 " 2xy — x2sin (xy)
X x—1
—— 25. cott =

V¥ 1-y
(cosx)* Y cosx In (cosx) — xsinx]
V1+x3

2xsin (x3) — 2.sin (2x)

(2y + 2)X(sec® x + sec x tan? x) — 2 sec? x tan® x
2y +2?3

-1

(@ v=3t2—-12t+9,a=6t— 12
(b) t=21lort=3

(c) Right:t 0=t<1,3<t=5

Left: 1<t<3
(d) —3m/sec
@y=-2x+1 (b)) y=2x—-
’7T\/\.;) ' a
@y= (>3 x-3) 5

~ —0.407x + 0.950
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76 a aa
b) y= (w& - 3)(X §) e
=~ 2.458x — 2.050

34.(a) y= —%x +2V/3~ —0.866x + 3.464

(b) y = —2x + —>_ ~ 1.155x + 1.443

V3 2V3
_ V3 -
3. (a) y= —x+ 2\/3 ~ —0.866x + 3.464
2 5
(b) y=—x+ ——=1.155x + 1.443

V3 2V3

36.(a) y= V2x— 1~ 1414x — 1
1

(b) y= —x+ 2= —-0.707x + 2
V2

_J=x+4, x=3
37'“X)_{zx—5 x> 3
38.(a) x#0,2 (b) x=0

(c) x=2

(d) Absolute maximumof 2at x = 0
Absolute minimumof Oatx = —2, 2, 3

39. According to the Mean Vaue Theorem the driver's

speedatsometlmewasll—lé = 74 mph.
40. (a) Increasingin[—0.7, 2], decreasing in
[—2, —0.7], and has alocal minimum at
x = —0.7.
(b) y=~—2x2+3x+ 3

I e
VAR
[- 33]by[ 15, 10]
© f() = — x3+ Z’x2+3x+ 1
41. f(x) = x2 — 3\);_— cosx\—/_l
_2Ve 2
® [—M o} [%5°

(c) Approximately (—1.042, 1.042)
(d) Approximately (—2, —1.042), (1.042, 2)
(e) Local max of approximately 3.079 at
2V6 gy = 2V6
3 3
local minof 0atx =0
(f) =(x1.042, 1.853)
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43. (a) fhasan absolute maximum at x = 1 and an
absolute minimum at x = 3.
(b) fhasapoint of inflectionat x = 2.
(c) One possible answer:

”T

\
[-3.7,5.7] by [~35]

44. Dimensions. 4V/2 by \V/2, area: 8

45.y = \f2<x - 1) + V2 ~ 1.414x + 0.303

4

46. 3%

47. (a) About 1.9 ft/sec
(b) About 0.15 rad/sec

48. (8) - ~ 0.179in./min
167

(b) 36 0.458 in./min
257
49. (a) 165in. (b) 165in.
50. 2.5 51. 2
52.1n3 + 2_3? ~0765 53 1

In2

54. 7 55.
1+1In2

56. —2i + (In 3)j

57. —cot(e*+ 1) — e+ C
58, 1tan*l(ﬁ) +C

2 2
1
2cos (x — 3)
—X
60. %(2 sin2x — cos2x) + C

~ 0.409

59. +C

61.%In\x—6\—%ln\x+l\+c
— R)8
—Ln &9, ¢
7 x+1
62. 8975 ft3
63.y= —— — 24 L
t+1 2 2
64. y= —>sin20 + cosf + =6 —
4 2 4

65. fxzsinxdx =2 —x)cosx + 2xsinx + C
The graph of the slopefield of the differential
equation % = x2 sin x and the antiderivative

y = (2 — x3) cosx + 2x sin x is shown below.

-
-
ir
L e

TTTTT

LW
O | mrmafa

-

| LIEMA

Sx

A
?
I et o

e A
SRS

w
e e, e

[-5,5] by [
66. &(x — 1) +

N
K=

@]

67. (a) y = 4268eK, k = ~ 0.170

(b) About 4268
68. (a) About 6.13°C
(b) About 2 hours and 27 minutes after it was
65°C above room temperature, or about 2
hours and 12 minutes after it was 50°C above

In (5/3)
3

room temperature.
500

69.y = 1 + Ce0.08x
70.y = CeX72t3 + 4
Ty

0 0

01 0.1

0.2 0.2095

0.3 03285

0.4 0.4568

05 05946

0.6 0.7418

0.7 0.8986

0.8 1.0649

09 12411

1.0 1.4273
72. 4 73.9

3
74. ~16.039 75. 277“ ~ 42412
76, 7~ 0.224 77. % ~ 134,041
78. ~0.763 79. ~2.556
80. 4 81. ~6.110
82. ~8.423 83. ~3.470
84. ~32.683 85. 27 ~ 0101
280

86. 87 — 272 ~ 5394
87.(a) 1.2m (b) 1803

88. (a) 70,686 ft-Ib

89. ~12.166 ft3

90. f(X) = In x grows slower than g(x) = Vx.

91. Converges 92. Diverges

93. Converges 94. Converges

95. Diverges 96. Converges

97.1— 2X+ 4x2 — 83 + =+ 4 (=12 + o ;
__; <:X‘<‘1

2 2
5
X n X9 B X13 n

5.2 9.4l 13- 6!

X4n+1
+_(_]JQ___________+.“.
4n+ 1) - (2n)!

(b) —o0 < x < o0; Since the cosine series
converges for all real numbers, so does the
integrated series, by the term-by-term
integration theorem (Section 9.1, Theorem 2).

(b) 4 min, 17 sec

98. (a) x —




2 43 b n
99. In2+x—- X4 X X4 41X
2 3 4 n

+ - =1l<x=1
100, (x — 2m) — ¥ =2m°  x=2m®
' 3 5!
+ (_1)n(x_ 2,”.)2n+1 n

@n + 1)!
2 3 4 5 6
0L Py =1—x+5> X 4 XX X

20 3 4 5 6
By the Alternating Series Estimation Theorem,

7
lerror] = | = 1 < 0.001.
77

102.1+%x— 2 x24 2°5,3_2:5'8.4,

2.3 3y.3B 4.3
2.5..(3n—4
_i_(_l)nfl (3n )Xn+
n . 3"
R=1
103. Converges
104. Diverges
105. Converges
106. Converges

107.(@dR=1; -3<x= -1
(b) —3<x< -1
() Atx= -1
108.(@R=1;-1=x=1
(b)y-1=x=1
(c) Nowhere

-3

110. <% ?>

111. Tangent: (2, -3) (4 2
5 5/'\5'5

3

5’

_A4 34

normal:

5'\ 55
112. (a) v(t) = (—cost)i + (1 + sint)j
a(t) = (sint)i + (cost)j
(b) 4

113. Yes. When x = 130 ft,
130

t= 100 cos45° = 1.838 secand y = 75.9 ft, high

enough to easily clear the 35-ft tree.
114. x — y = 2; line with slope 1 and y-intercept —2

- (j
[—3,3] by [-0.5,35]
21 N
116. Horizontal tangent lines:y = 0,y = i%

vertical tangent lines: x = —2,x = %
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- Appendix A3

(pp. 584-592)
1. a c b
€ t — X
4 1 4
9 2 7
5=1
18
2 a c b
£ } — X
2.7591 3 3.2391
6 = 0.2391
6 =039
.6 =0.36

3
4
5. (—2.01, —1.99); 6 = 0.01
6. (—0.19, 0.21); 6 = 0.19

7.(3,15),6 =5

8. (-\V45, —V35);8 = Va5 -2~0121
9.(a) —4

(b) 6 = 0.05
10. (@) 2
_ 1
0)s=1
11. (a) sin1=0.841
(b) 6 = 0.018
12. () %
(b) 6 = 0.155

13.6=min{l-V1-¢V1+e—1}

14.5=min{\/§—\/z,\/2—\/§]

15. (@) | = (5,5 + €2
(b) lim Vx—=5=0
16. (a) | = (4 — € 4)

(b) lim Va—x=0

- Appendix A5.1

(pp. 593-606)

1.xX2+(y—22%=4

(0,)
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2. (x+ 12+ (y—52=10

10+

(L5

-5

4. Center = (2, —2); radius = 2\/2
y
5+
1 1 1 1 1 L 1 1 1 I5 X
5. Thecircle with center at (1, 0) and radius 2 plusits

10.

11.

12.

13.

14.

interior.

. The region exterior to the unit circle and interior to

the circle with center at (0, 0) and radius 2.

. y2 = 8x; focusis (2, 0); directrix isx = —2
. y2 = —4x; focusis (—1, 0); directrix isx = 1

. X2 = —6y; focusis(o, —g); directrix isy = g

X2 = 2y, focu5|s< ) directrix isy = —%

2 2
XZ - % = 1; foci are (=13, 0):

vertices are (=2, 0); asymptotesarey = igx

X2

. = 1; foci are (0, £ V/5);
verticesare (0, £3)

X2 2 _ i . .
Y= 1; foci are (=1, 0):

vertices are (i\/é, 0)

2
yZ — x2 = 1; foci are (0, =V/5);
vertices are (0, £2); asymptotesarey = *+2x

15.

16.

17.

Focusis (3, 0); directrix isx = —3

x=-3

Focusis O,i ; directrix isy = 1
16 16
y
.t
ar y = 4x2
1 l: 1
v 8 »-F a4
1 1 1 1 1 1 1 1 X
__1 1
=716 T8l
1
4 -

—+

= 1; foci are (%3, 0)
16

y

1 Ell 1 i 1 1 'iz 1 X
e
oL

18—+3 1; foci are (0, = 1)
2+
F2\

= =1
I:l
2F
2 2
19. X+ ¥ =
45 2
20X+ Y =1
9 25



21. x2 — y2 = 1; asymptotesarey = *x;
foci are (xV/2, 0)

2
22, S S 1, asymptotesarey = + X
2 8 2
foci are (0, =V 10)
y
5k
F,e
J’\\*\z_/\r/%
Iel 1 1 1 1 1 1 1 I5 X
23.y2—x2=1
X2 y2_
"9 16

25. (a) Vertexis(1, —2); focusis (3, —2);
directrix isx = —1
(b) y

[ (y+22=8(x-1)

x=-1|

L1 11
5X

26. (a) Foci are (4 = \ﬁ, 3); vertices are (0, 3) and
(8, 3); centeris (4, 3)

(b) y

27.

28.

29.

30.

31.

32.
33.
. Parabola; focusis (—1, 0); vertexis(—1, 1)
35.

36.

37.

38.
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(@) Centeris(2, 0); foci are (—3, 0) and (7, 0);
asymptotesarey = iLX; 2.
verticesare (—2, 0) and (6, 0)

(b)

— _3(x=2)
=-==

(y + 3)2 = 4(x + 2); vertex is(—2, —3);
focusis (—1, —3); directrixisx = —3

2 2
(XJZ_)Z) + (ygl) = 1; verticesare (—2, 2)
and (—2, —4): foci are (=2, =1 = V/3);
center is(—2, —1)

(x— 2)2

b 52) = 1; verticesare (4, 2)
and (0, 2); foci are (5, 2) and (—1, 2);
center is (2, 2);
asymptotesarey = *+
(y— 12— (x+ 1)2 = 1; verticesare (— 1, 2)
and (—1, 0); foci are (—1,1 = \@);
centeris(—1, 1);

asymptotesarey = =(x + 1) + 1

Circle; centeris(—2, 0); radiusis 4
Circle; centeris (7, —3), radiusis 1

5
> xX—2)+2

Ellipse; center is (—2, 0);

foci are (—4, 0) and (0, 0);

verticesare (—2 = \fS, 0)

Hyperbola; center is (1, 2); foci are (1 = V2, 2);
vertices are (2, 2) and (0, 2);

asymptotesarey = =(x — 1) + 2

2
Volume of the parabolic solidisV; = %;
2V
volume of the coneisV, = ﬂ; a3
2°'V, 2

(a) Volume of the solid formed by revolving A

WXZ\/E(_

about the y-axisisV, = ; volume of the

solid formed by revolving B about the y-axisis
2Vix VY,
Vo=V, -V, _477)(— Ya_4_4
(b) 11 (both equal toﬂ )
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39.

40.
41.

45.

46.

10.

11.

R &8

.e= % foci are (=3, 0); directricesarex = +=

The slopes of the two tangents to y2 = 4px from
the point (—p, a) aem, = _» and
a+ Va2 + 4p?
2p
= ,andmm, = —1.
2 a— Va2 + 4p? ok
2\V/2 by V2, area = 4
(a) 24w
(b) 167
. 24
247
_ wx?
o,
A 's - d
_— — D —_— —_ =
dt dt dt(rA fg) =0

0 Aa =g = aconstant

PF will always equal PB because the string has
constant length AB = FP + PA = AP + PB.

Appendix A5.2
(pp. 606-611)

25
3

.e= i; foci are (0, =1); directricesarey = *2
V2

X2y
andb = 3. Theequationis=— + - = 1.
25 9

.e= L; foci are (0, =1); directricesarey = *3
V3
.e= i; foci are (+V/3, 0); directrices are
3
x=*+3V3
L S )
272 36 , 16(2)0 1526
RARRD A Xy
100 94.24 4851 4900
2 2
o= V52 ¥
3 9 4
2 2
e:l;x_+y_:l
2 64 48
c_ 4
Takec=4anda:5,thene=5:g

12.

13.

14.

15.
16.
17.

18.

19.

21.

22.

23.

24 = —

25.

Takec=1anda:4,thene=§= and

N

2 2
b = V15. Therefore, % + % = lisamodel of

Pluto’s orbit.

\/

—~—1)2 Y \VA
=17 L U= 97— 9 fodi are (1, 4 + VB);
Vs o 9V5
= ?5; directricesarey = 4 + =
y
8+
_I 1 1 1 1 : 1 1 1 1 I5 X
2k
2 2
X i¥Y_q
36 20
_ 5. . o : _ .16
e= 7 foci are (=5, 0); directricesare x = ig

e= \/5; foci are (0, =4); directricesarey = *£2

e = V5; foci are (£V 10, 0); directrices are
X:i@
5
e = V5; foci are (0, =V 10); directrices are
2
y:_—

Y10 :
y2—-=1 20.x2-L =1
8 , ) 8

e=V2X-Y =

8 28
e—2,x2—y§=1
y-62 _ (x-1%_,
236 ) 45
:12 az(eszlfl):1
_0b- e V3
a=0b=-4c=0e=—"7



28.

29.

30.

31.

32.

33.

34.

Appendix A5.3
(pp- 612-618)
. Hyperbola 2. Parabola
. Ellipse 4. Ellipse
. Parabola 6. Hyperbola
. Parabola 8. Ellipse (circle)
. Hyperbola 10. Parabola
. Hyperbola 12. Hyperbola
. Ellipse 14. Hyperbola
. Ellipse 16. Parabola

. (x')2 = (y')2 = 4; hyperbola

- 3(x)2+ (y')? = 2; ellipse

. 4(x")? + 16y’ = O; parabola

- (X')? + 5(y')? = 2; elipse

. (y")? = 1; parallel horizontal lines

. 4(y")? = 1; parallel horizontal lines

. (X)? + 4y’ = 0; parabola

(X2 = ()2 — 2V2x' +2=0; hyperbola
A2 + 2(y')? = 19; lipse

. 5(x")2 — 3(y')? = 7; hyperbola

. 1 2 . 2
.S9Na = ——,C0Sa¢ = —, 0rsnNa = ——,
\/15 V5 V5
COSa = ——
V5
. 2 1
SNa = ——,C0Sa = —,;
V5 . V5 5
orsna = ——,C0Sa = —
V5

sina = 0.23, COSSa =~ 0.97,
A’ =0.88,B' = 0.00,C' = 3.12,D’' = 0.74,
E'=—-120,F' = -3;
0.88(x")2 + 3.12(y")2 + 0.74x" — 1.20y' — 3 =0;
dlipse
sina = 0.10, cos a = 0.995;
A" =205 B =0.00,C' = —3.05D’' = 299,
E'=—-030,F' = -7,
2.05(x")2 — 3.05(y")% + 2.99x’ — 0.30y’ — 7 =0;
hyperbola
sina = 0.45, cos o = 0.89;
A’ = 0.00,B' = 0.00,C’ = 5.00,D' =0,
E'=0F = -5
5.00(y)2 —5=0o0ry = +1.00; parale lines
sina = 0.32, cosa = 0.95;
A’ = 0.00,B' = 0.00,C’' = 20.00,D" = 0,
E'=0,F = —49;
20.00(y’)2 — 49 = 0; parallel lines
sina = 0.63, cosa = 0.77,
A’ =505 B = 0.00,C' = —-0.05,D’ = —5.07,
E'=—-6.19,F' = —1;
5.05(x')2 — 0.05(y')2 — 5.07x’ — 6.19y’ — 1= 0;
hyperbola
sina = —0.38, cosa = 0.92;
A’ = 055,B' = 0.00,C' = 10.45,D' =~ 18.48,
E'= —-7.65F' = —86;
0.55(x')2 + 10.45(y")? + 18.48x’

— 7.65y’ — 86 =0; elipse
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35. () (X)>—(y)2=2
(b) (x)?— (y')?=2a

36. Yes, the graph is a hyperbola: with AC < Owe
have —4AC > 0 and B2 — 4AC > 0.

37.Yes, x2+ 4xy + 52— 1=0

38. B’ =Bcos2a =0

30, (@) &2 4 O _ 4

b? a2
n2 "2
© (P ()2 =a?
[ _i ’
@y = —x
' _ _l 2 R
@y ==
0. (&) ¥F + S =1
12 [AY
© () +(y)y=2a
(d) y' =mx

e y=mx'+b
41. (a) Hyperbola
_ X
(b) y=——2
(c) At(3, —3):y= —2x+ 3;
At(—-1,-1):y=—-2x—-3

e
[—9.4,9.4] by [-6.2,6.2]
42. (a) Fase. IfA=C=1,B=2thegraphisa

parabola.
(b) Fase. IfA=C=1,B=2,thegraphisa
parabola.
(c) True. B2 — 4AC > 0, the graph is a hyperbola.
43. (a) Parabola

(b) The equation can be written in the form
(x+2y+3)2=0.
44, (a) Parabola
(b) The equation can be written in the form
Bx+y—22=0.

Appendix A6
(pp- 618-627)
1. coshx=§; tanhx = —=; cothx = —é;
4 3

wlbho|w

sechXZ%; cschx = —

N

2. coshx=§; tanh x = =; cothx=%;

Nlwo

sechx=g; cschx =
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3.

16.
17.
18.
19.
20.
21.
22.
23.
24,

25. =

26.

27

28.
29.
30.
31.
32.

sinhXZE' tanhXZE; cothxg;
15’ 17 8
sechx=£; csch x 15
17 8
.smhx—— tanhx—E coth x = 13.
5 13’ 12’
sechx = — S. ;cschx =
13’ 12
x+ L
X
x4 —1
2X2
e5x
e—3x
e4x
0
Y ocosn X
dx 3
.%zcosh(2x+ 1)
Y gecn2 /g BONVE tanh Vt
dt Vi
ﬂ= —sech2%+ 2ttanh%
ﬂzcothz
dz
ﬂ=tanhz
dz
Y _ (sech 6 tanh 6)(In sech 6)

do

3;’ = (csch 6 coth 6)(In csch 6)

b _ tanhd x
dx
Y _ coth x
dx
dy

=2X > =2

y " dx
dy

ax Y -2
y deX
dy _ 1
dX  2V/x(1 + x)
dy_ 1
dX  \Vax2 + 7x + 3
Yol anhlg
d0 1+6
de =20+ 2tanh 10 +1) -1
dy 1
Yo 1 _oth VA
dt 2\/{
Y _ 1 otcoth 1t
dt
Y sech1x
dx
Y X sechix
dx 1— x2

d In2
_y:
33. a0 1+<1)2€
2
3y _ __ In2
do V1 + 226
35. W — |sec X
dx
36 Y —secx0<x< ™
dx 2
37.

38.

39.

40.

41.

42.

45.

46.

47.

52. =

53, >

60.

61.
62.

63.

(@ &(tan*1 (sinhx) + C) = sech x

(b) %(sjn*l (tanhX) + C) = sech x

dx

dx\ 2

;(xtanh SN Lin(1- x2)+c>=tanh—1x

cosh 2x
2

5005h§+ C

+C

.1zs'nh(§—|n3)+c

.%sinh(3x—|n2)+c

7In‘coshl‘ +C
\/éln‘smh—‘ +C

tanh(x——>+C
2

.coth(5—-x)+C

49.
50.

51.

—Zsech\/f+ C

—csch(Int) + C

In() 0.916
2

|n< ) 0.377
8

— +1n2=0.787
32

Ina—3~0636
4

55.
56.

57.
58.
59.

e—e1=2350
e—e1-2=1.086
3

4
8(e?—e2-e+e1)=39.227
% +1InV2=0722

P 5In10~5295
10

2
T

(2 Ini9 _ 2)77 ~ 1214
100 100

2
i<X?$ch*1x—%\/l—x2+ C) = xsech™1x

2 _
E(X L coth~1x + g + C) = x coth—1 x



64. (a) g

sinh ab
(b) =

65. (a) If g(x) = W then
o(—x) = 1L — g9, Thus,

1821 is even. 1 hix) = {8 =T,

then h(—x) = T{E¥ =) _ X = F(=%) _

2
—h(x). Thusw i odd.

(b) Even part: = cosh X

ef+ e X
2

Odd part: = sinh x

eX—e X
2

66. (a) If fiseven, then
f(x) + f(—x) I f(x) — f(—x)

2 2
_2M0 , FO =T g 4 g
2 2

(b) If fisodd, then
f(x) + f(—X) n f(xX) — f(—x)

2 2

G Tl {C T {C NP
2 2

S

d2
dt2
d3s _

(b) a= & kZsis directed away from the

68. (a) a=

origin.
69.y=sech 1 (x) — V1—x2

70. 167 In6 + ? ~ 248.889

72. (c) A0) = 0,C = 0, u = 2A(u)

= —k3sisdirected toward the origin.
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