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54. (a) Average temp

L 80—10cos(£’) dt=8T°F.
14-67s 12

(b) F(H)=80— 1ocos(i’—2[) >78 for

5.2308694 <t <18.769131.
Store these two values as A and B.

B Tt
(¢) Cost = O.OSJ‘A (80 - 10COS(E)— 78]dt =~5.10

The cost was about $5.10.

s5. @ [T 2% 46004 people.
9 (t” —24t+160)
5[1"_, 15600

9 (2 —24t+160)
J23 15600

17 (42 - 241 +160)

()
dt =104,048

dollars

(¢) H'(17)=E(17)— L(17) =~ -380 people. H(17) is the
number of people in the park at 5:00, and H’(17) is the

rate at which the number of people in the park is
changing at 5:00.

(d) When H'’(r)= E(¢)— L(z) = 0; that is, at £ = 15.795

Chapter 8
Sequences, L'Ho6pital's Rule,
and Improper Integrals

Section 8.1 Sequences (pp. 435-443)

Quick Review 8.1

oo |

5
1. f(5)=§'+-.§=

)
- fED)= 243

. —2+(GB-11.5)=1
. =T+(5-DB)=5

-2

L1524 =12
. 20154 =-45
5x° +2x2 .5%° _

7. lim ————=1im —=0
xow3xt 41652 xoe 3yt

A U AW N

8. Recall from Chapter 2 that limﬂt— =1.
=0 ¢t

Let t=3x.Then t — 0 as x— 0, and
sint sint

lim =3elim——=3.1=3

lim sin(3x) _
-0 t/3 >0 ¢

x—0 X

9. Let t=l.Thent—>0 as x —> oo, and
X

lim (x sin[l)] = ﬁm(l . sin(t)] = 1im SR g
X e X >0\ ¢ t—>0 ¢

3,.2 3
2x7+x . 2x . .
= lim == = lim 2x* = oo, or does not exist.
x—o0 X x—>o0

10. lim
x—00  x+1

Section 8.1 Exercises

51

50
17649 ) o6 (%) ~2.691588

46656
. =2,-2,0, 4,10, 18; 2350
. 3,1, -1,-3—11
-2,-1,0,1 5
2,4,8,16; 256
10,11,12.1, 13.31; 19.487171=10(1.1)7
. 1,1,2,3 21
10. -3,2,-1,1; 2
11.(a) 3

© ® N os

(b) a+7d=-2+73)=19
(©) a,=aqa, ;+3
@ a,=-2+(n-1)(3)=3n-5

12. (a) -2
(b) a+7d=15+7(-2)=1

(©a,=a,,~2

@d) a,=15+(n-D(2)=-2n+17

1
13. (a) 5
(b) a+7d=1+7[1)=-9—
2) 2
1
(C) a, —an_1+—2-
_ N 1 _ (n+1)
d) a,=1+(n 1)(2) 2

14. (a) 0.1
®) a+7d=3+700.1)=3.7

(©) a,=a, +0.1

@) a,=3+(n-1)(0.)=0.12+2.9



J

LY g
(d)g,,_s(z] 2

16. (a) 1.5
) ()(.5%=25.6289
©) a,=(1.5a,_,

@ a, =05 =.5""
17. (a) =3
1) (3)(-3)® =(=3)° =—19, 683
(¢) a,=-3a,_;
@) a,=(-3)(-3)""=(-3)"
18. (a) -1
(b) G)(-1¥=5
(¢) a,=-a,_,
@) a,=5(-D""

7-(=2)
3

a=-2-3=-5

a,=a, ;+3for all n22

19. d= =3

20, d="2"5_»
4
a4,=5-(-2)(4)=13

a, =13+(n-D(-2)=-2n+15

3
2. re 3010000}~
3010

3010
a =2 =301
10t

a,=3.01(10)"", n>1

1/5
(6 _,
~1/2

a= 1;2_1/4

22.

~

= %(_Z)n—l = (_1)n—1 . (2)”-3’ n 2 1

23.

24,

25.

26.

27.

28.

29.

30.

31.

[0, 20] by [0, 1]

[0, 20] by [-1, 1]

[0, 20] by [-5, 5]

[0, 20] by [0, 10]

[0, 10] by [-25, 200]

[0, 10] by [-5, 30]

[0, 20] by [-1, 51

[0, 10] by [-15, 10]

. 3n+
lim = lim (3)+ lim
n—e AN n—yoo n—oo

converges, 3

g
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32, lim -2 = 1im 2 =2

n=en+3  noe n

converges, 2

2 2
33, fim 2227y 222
n=5n°+n+2  noe5p® 5

converges, 2/5

34 tim—— = lim 2% = lim - =0
n—eop“ 4] noeen n—eo 1

converges, 0

35, n=2k,lim (-1)" ——1=1
n—seo +3
ah—1
n=2k-1,lim (- 1) =-1
n—eo +3
diverges
36. n=2k, lim (1" 2+ L = fim -1y 2 =
n—oo +1 n—yeo n
n=2k~1,lim (- im (- 1)" " -0

n—yo0
converges, 0
37. lim(1.1)" =
n—o

diverges
38. lim (0.9)"=0

n—yeo
converges, 0

39. Let x:l.Thenx—ao as n— oo, and
n

tim [ n sin[ L |]= tim sin/n) _ 1y SI0% _ g
n—ee n noe  1/n 10 %

converges, 1

40. Diverges. The first terms of the sequence are:
1,0,-1,0,1,0,-1,0,1,0,-1,0,

The pattern repeats forever, so the sequence does not get

close to any one number.
sinn

41. lim ——=0, since
n—e R
1 _ sinn
——<—<— forn=1, and
n n n

im (<4 im (1)=0
=0 n n—e \ 1

42. lim (i)=0, since
2/1

n-—yoo

OS——LSl forn=1, and
2" n

lim (—1—) =0
n—«<\ N

43, lim (-1—)=0, since

n—eo \ n!

OS—I—S—I— forn =1, and
n! n

lim (l) =0
n—eo\ R

.2
44. lim (S“‘ "]:o, since
n—soo 2}2

)
sin“n 1

0<——<—forn=1, and
n n

lim (l) =0
noe\ B
45. Graph (b)
46. Graph (c)
47, Table (d)
48. Table (a)

49, False. If the sequence is increasing, the terms will
eventually become positive. Consider the sequence

with nth term a, = -5+ 2(n—1). Here

a=-5,a,=-3,a;,=-1,and q, =1.

50. True. a; >0, r=-2>0, and

4

a,=a r"1'>0 for all n>2.

51.C. d=5_;_1)=3
ag=-1+3(5)=14
s2.B r=1B_1
25 2
25
aq =
12

53.D. Let x=3—.Thenx—>0 as n—> oo, and
n

lim [n sin(g’f—)) =lim ( 3, sin(x))
n—yeo n x>0
= 37+ lim $2%
x—0 X
=3r.1=3m

54.E. n="2k, lim ((—1) 3n- IJ 3

n—oo

n=2k-1lim (( i 1] -3

n—yo0



55. (a) Draw a segment from the center of the circle to each
vertex of the polygon, forming n isosceles triangles.
The vertex angle in each triangle is 277/n. An altitude
to the base divides the isosceles triangle into two right
triangles with hypotenuse 1. In each of these triangles,
the side opposite the angle of measure z/n has length
sin(zr/n). It follows that each side of the polygon
has length 2sin(z/n) and the total perimeter is

2n sin(z/n).

(b) Let x=£.Thenx—>0 as n— oo, and
n

lim (Zn sin(zt—n = lim(2 LN sin(x))
n-—yco n x—0 b

=2nelim ¥ =2z 1=27
x=0 X
56.(a) a,=a,,+a,; for n23
a=1 a,=1
ay=aytay;=1+1=2
a=ay+a3;=1+2=73
Continue in this fashion to get all of the first ten terms:
1,1,2,3,5,8, 13,21, 34,55

()

{0, 10] by [-10, 60]

§7. a, = ar™! implies that log a, = log a+(n—1)log r. Thus
{log an} is an arithmetic sequence with first term log a and
common difference log r.

58. a, =a+(n—1)d implies that
10% =10%+0=Dd = 104 10y, Thus{lo"n}is a geometric

sequence with first term 10% and common ratio 104

59, Given € > 0 choose M = l Then l -0l<egif n>M.
£ n

Section 8.2 L'Hoépital's Rule (pp. 444-452)

Exploration 1 Exploring L'Hopital's Rule
Graphically

. sinx ., CcOSx
1. lim——=lim
-0 X =0 1

=1

’

2. The two graphs suggest that lim M~ lim A,—
x—0 Yy x50 ¥y

3. ys =
x

X cosx —sinx
2
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. The graphs of y, and y; clearly show

that 1’H6pital’s Rule does not say that lim A is equal to

mn(ﬁ .
x—0 Y,

1Z=cos(d)

7

=0 =i

N
—

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

Quick Review 8.2

1. X
x (1+—Q'—1)
x

1 1.1000

10 1.1046

100 1.1051

1000 1.1052
10,000 1.1052
1,000,000 1.1052

x—0 Y,

As x — oo, (1+9£) approaches 1.1052.
X

2. X L)
0.1 2.7183

0.01 2.7183

0.001 2.7183
0.0001 2.7183
0.00001 2.7183

As x — 0%, ™% approaches 2.7183.

3. x
x (l—l)
x
-1 0.5
-0.1 0.78679
-0.01 0.95490
—-0.001 0.99312
- 0.0001 0.99908
- 0.00001 0.99988
—0.000001 0.99999

X
Asx— 07, (1— l) approaches 1.
x
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4. x
X (1-&-1)
x

-1.1 13.981
~1.01 105.77
-1.001 1007.9

-1.0001 10010

1y -
Asx—)—l",(l+—] goes to oo,
x

5.
—r—""_'_'—'_’

[0, 2 by [0, 3]

Ast—1, \;—;11 approaches 2.

{0, 500] by [0, 3]

:

452 +1
x+1

N/

[-5, 51by [-1,4]
sin3x

ASx — oo,

Asx—0, approaches 3.

/

[0, z] by [-1,2]
T tan @
2’ 2+4tand

9. y=Lginp="SP
2

As@—

10. y = (1+r)""

approaches 2.

approachesl.

Section 8.2 Exercises

1. lim( )‘:2_-_24) appears to be about %;

V= (R-2) (HR-4)

He2.0B51064 _Y=.247B167
[-2,4]1by [-1,4]

By L’Ho6pital’s Rule:

. x=2 .1 1
lim| — =lim — =~
=2\ x° -4 -2 2x 4

2. Iim(w) appears to be about 5;
x

x—0

Vi=sintERI R

S\

t ~
}=.0u2E5318 ly=u.5823608
[-2,2] by [-2, 6]

By L’Hopital’s Rule:

lim (Sm(s x)) —1im 29250 _ 50050)= 5
x—=0 X x—0 1
. J24x -2 1
3. lim | ~————— |appears to be about —;
x-2 x=2 4

Vi=(f(2+H)-2)/(H=2)

\H_"'"‘———\—u—\.___

H22.0B51064 _¥2.24BEB4L7
{-2,4] by [-1, 1]

By L’Hbpital’s Rule:

1 12
D % — —(2+x)
lim (~——x J =lim| 2—— |= %(2 +2)2

x—2 xX— X2 1

=

1
244



