414  Chapter 8 Infinite Series
66. a,,., = 0 (odd coefficients are zero) 68. Answerswill vary.
70. 6 = 60°, v, —64k—i = -32
. 0= Vo = O K= e g=
_ - 32¢  (1/16)(32)%  (1/16)%32)x4
y 2(64)41/2  3(64)%(1/2)°  4(64)%(1/2)*
22x2 23x3 24x4
= V- 32[2(64>2 3(64°16 * 4(641(167 |
= V-3 j; 2 /- 32 jg s
n(64)"(16)" 2 5, N(32)" (16)n 2
In(x® + 1)
2.8 f) == 5
From Exercise 8, you obtain ®) 15
700 ( 1)nX2n+2 o (_l)nXZn \L
X2 ; n+1 nZO n+1
0 2
X ooxt X X8
Pml7%%37 4%
X 2
(@Hm=Jm£;9m
o t
X
G(x) = J Pg(t) dt

0

X 0.25 0.50 0.75 1.00 1.50 2.00

F(x) | 0.2475 | 0.4810 | 0.6920 | 0.8776 | 1.1798 1.4096

G(x) | 0.2475 | 0.4810 | 0.6920 | 0.8805 | 5.3064 | 652.21

(d) The curves are nearly identical for 0 < x < 1. Hence, the integrals nearly agree on that interval

74. Assumee = p/qgisrational. Let N > g and form the following
[1+1+£+ --+i]= 1 + 1 +
2! N (N+ 1) (N A+ 2)

Seta = N![e— (1+ 1+.. ’\1“)] a positive integer. But,
a:N||: 1 + 1 :|: 1 + l <i+#+...
TN+ 1) (N+2)! N+1 (N+ 1N+ 2 N+1 (N+1)?
1 1 1 1 [ 1 _1 -
_N+1[1+N+l+(N+l)2+ ]_N+l{ < 1 ) = —, acontradiction.
17
N+1
Review Exercises for Chapter 8
n 4 N 2" L6
Z'a“fn2+1 4. a,=4 2.3.5,3,... 6.an—6< 3> 16, —4,. ..
Matches (c) Matches (b)
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. 1
. a,=sh—/ 10. lim —==0
8. a, = sn > " n
2 Converges
L] ° L]
0 +——0——0——0——& 12
L] L]
-2
The sequence seems to diverge (oscillates).
sin%”: 1,0,-1,0,1,0,. . .
12 i i 1 . 1\n . 1\K]v/2 /2
A A 1n % 14. J‘Jll(l * %) = [(1 * EH -
Diverges Converges, k = 2n
16. Let y = (b"+ c")¥/n 18. (a) V, = 120,000(0.70)", n = 1,2,3,4,5
Iny — In(b" + c") (b) Vs = 120,000(0.70)° = $20,168.40
y n
i — |i =  (hn n
JLTCIny r,ILrDo b+ Cn(b Inb+ c"Inc)
Assumeb = c¢ and note that the terms
b"Inb + c'Inc _ b"Inb c"Inc
b"+c b+ b+
converge as n - co. Hence a,, converges.
20. (a b) 1
@ k 5 10 15 20 25 (b)
S| 03917 | 0.3228 | 0.3627 | 0.3344 | 0.3564 o
® o o 0
o © © o 0o
(c) The series converges by the Alternating Series Test. 0 12
0
2.@ [T s 10 15 20 25 b —
e0® L]
S | 0.8333 | 0.9091 | 0.9375 | 0.9524 | 0.9615 o
(c) The series converges, by the limit comparison test with E % 0 12
0
24. Diverges. Geometric series, r = 1.82 > 1. 26. Diverges. nth Term Test, lim a, = %
N-oo
oo n+2 o) <2>n ( )
28. =4y (Z] =43) =12
nZO 3n nE::O 3
See Exercise 27.
S| [2\" 1 S (2\" & 1 1
o 3|6 - wronra) - 26 - S ee)

R (G
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32. 0923076 = 0.923076[1 + 0.000001 + (0.000001)2 + - - -
923076 _ 12(76923) 12

0.923076

— N n— = = =
nZO (0.923076)(0.000001) 1- 0000001 999,999 13(76,923) 13

2 32,000(1 — 1.055%)
= n =
34. 5= ¥ 32,000(1.055) T 1oss
~ $4,371,379.65

S 1 & 1
38 E<1ﬁ:n21W

n=1

Divergent p-series, p = % <1

& n+1l

42 n; n(n + 2)
. h+Y/n(n+2 . n+1
im 1/n =AM

. . aoX_1 . )
By alimit comparison test with E e the series diverges.
n=1

oo (— n
46. EM
& n+1
:Jn+1< Jno_
Gnia n+t2 “n+1 ™
lim " _¢
n.oon+ 1

By the Alternating Series Test, the series converges.

& nl
50. —
nzlen
|
lim ’—a"“ — jjm [RELE €
nN-oo an N-oo e” n!
. n+1
= |lim = oo
N-oo

By the Ratio Test, the series diverges.

36. See Exercise 86 in Section 8.2.

w2

12 0.065)120
B 100(0.065>[<1 MY ) B 1]

~ $16,840.32

(1 1 K1 &1
40. n21<? B §) - nzlﬁ B nzl?
Thefirst seriesis a convergent p-series and the second

series is a convergent geometric series. Therefore, their
difference converges.

) &1 & 1
44. Since ;1§ converges, r;l 3n g converges by the
Limit Comparison Test.

48. Converges by the Alternating Series Test.

_3In(n+1)<3lnn_ .m3lnn
] n o Mnoo

n+1 2

&1-3-5---(2n—1)
52.
n2412-5~8---(3n—1)
lim ‘anﬂ — lim ‘1-3---(2n—1)(2n+1)_2-5---(3n—1): im _
n-oo | a, n-|{2+5---31—-1)3n+2 1:-3---2n—1) n-wo3n+2 3

By the Ratio Test, the series converges.
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54. (d) The series converges by the Alternating Series Test.
(b)
X 5 10 15 20 25
S, | 0.0871 | 0.0669 | 0.0734 | 0.0702 | 0.0721
(¢) os (d) Thesum is approximately 0.0714.
° ° ® [ ] d e®e
0 Lo 12
0
56. No. Leta, = 39227 '5, then a,; = 0.7. The seriesnzlsggz = is a convergent p-series.
2 4 6
58. f(x) = tanx fl-T) = -1 60. cos(0.75) ~ 1 — (0757 , (0791 _ (0.75° _ 7317
4 2! 4 6!
f/(x) = sec?x f’(—%) =2
f/(x) = 2 sec?x tan f’/(f%) = -4
f7(x) = 4 sec? xtan® x + 2 sec* x f’”(—%) =16
_ T m\2 8< 77)3
Py(x) = —1+2(x+ 4> —2<x+ 4> +t3\xt g
2 3 4
62. 0% ~ 1 025+ 02 (0257, (0257 _ ;4
2! 3! 4
64. f(x) = cosx 10 66. E(ZX)”
Py n=0
x2 x4 \ } . . . .
P,x =1- ata -10 10 Gtiometrlc series which converges only if [2x| < 1 or
: . f _ L 1
P6(X)_1 §+E*a -10
xooxt X8 x8 x0
P =1-5 "4 "a Te 10
oo 2N — n o] — n o) —_ n
6. E3(x 2) 0. 2 (x r]2) _ E<x 2)
n=1 n n=0 2 n=0 2
R 1V L3t (x — 2+t n Geometric series which converges only if
lim = lim .
n—oo | Uy, n-oo n+1 3(x — 2" =2
= 3x— 2| 5 <1 o 0<x<4
_1
3
Center: 2

Since the series converges at 3 and diverges at 3, the
interval of convergenceis? < x < .
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_ ] (73)nx2n
72. y= nzo o
, o] ( 3) Zn)XZn 1 ( 3)n+1(2n + 2)X2n+1
y'= nZl 2| E 2 1(n + 1)!
s Q (=320 + 2)(2n + x>
y'= nZo 2+1(n + 1)!
. , o0 ( 3)n+1(2n + 2)(2['1 + 1)X2n o) l)n+l3n+2(2n + 2)X2n+2 o0 (_l)n3n+lX2n
+ + = +
Y+ Yy = 20+ 1(n + 1)1 nZO 20+ 1(n + 1)! 2 o
==} ( 1)n+13n+1(2n + 2 X2n =) ( 1 n+13n+2y2n+2 =) (_l)n3n+lX2n
B ,240 2! Z 2! &, 2m
==} (_1)n3n+1X2n =) _1)n+13n+2X2n+2
= e + + + —_———
nZO 2! [=@n+1)+1] nZO 2m!
_ o] (,1)n3n+lX2n _ o) (,1)n+13n+2X2n+2
=2 Y 2!
_ o) (_1)n+l3n+1x2n ( 1)n3n+lX2n @
a nZl 2! (@n) + E 2-Yn—1)! 2n
_ e (_1)n3n+lx2n B _
= 2172,1“! [-2n+2n]=0
3 32 32  a (—Dn3xn+1
A XTI+ 2 1-(—x2) 1-r1 76. Integral: 2 o(n + D2+t
o § _l n_ =) (_1)n3xn
1 1 & o —(x— 3)]” 8
—_ — (y — 2 _ Z(y — 3 e = =
78.8 - 20— 3) + Jx— 3 — Sx— I+ 3 8[ y e
_ 32 __32 l<x<7

4+ (x—3 14X

80. f(x) = cosx
f(x) = —sinx
f(x) = —cosx
f(x) = sinx

o= § 1MC T WAL _ VB o Ty (SR, )

=0 n! 2 2 2.2 4 2-3 4 2.4
_ \/é[ ( 7T> & (— 1)+l x + (77/4)]n+1:|
= 1+ x+4+n2 TR

82. f(x) = csc(x)

f/(x) = —csc(x) cot(x)
f(x) = csc3(x) + csc(x) cot?(x)
f(x) = —5csc3(x) cot(x) — csc(x) cot3(x)

f@(x) = 5csc5(x) + 15 csc3(x) cot?(x) + csc(X) cot4(X)

e = S f /2)[x— (/2 _ 2|< _127>Z+%(X_127>4+. -
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84, f(x) = x¥/2

1
Zy—1/2
X

3l
o (33
B

f(x) =

f1(x) =

f@(x) =

=3 w
n=0
— 5 x—4 (x—42 1-3x—4°% 1-3-5x—4*
et T T s 23 21141
B (x— &(=1)"*11-3-5---(2n = 3J)(x — 4"
-2t Z 20— 1n|
86. h(x) = (1 + x)~3
h(x) = =31+ x4
h"(x) = 12(1 + x)~°
h”(x) = —60(1 + x)~
h@(x) = 360(1 + x)~7
h®)(x) = —2520(1 + x)~8
T 12x* 60X 360x* 2520x5 3 1)"(n +2Ix" & (—)(n+ 2)(n+ 1)x
R A R T 5! Z nZO 2
o0 J— n o0
g8, Inx= S (-1 X5y 0 e=3% —cx<oo
n=1 n o n!
= (6/5) — 1\ /N &
In(g) = Z(*l)”“(f 8 = HZO E 3n I ~ 1.9477
= E( 1)n+1— ~ 01823
. oo N X2n+1
92. snx= nzo(—l) m, —oo < X < oo
. (1 & 1
S|n<§> = nZ()(—l)" Frign Ty~ 03272
o) n X2
94, eX=nZO |=1+x+§+
o) Xn+l 3
Xet = =X+ x2+ -+
n=0 n! !
1

Lxexdx:[xex—ex]:’:(e—e)—(o—l):l

Xn+2

0n=0

loo ynt1 o 1 oo 1
f 2 n! ox = nZo[(n + 2)n!]o - HZO (n+2n
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%. (8 f(x) =sin2x £(0) = 0
f(x) = 2 cos 2x £(0) = 2
f(x) = —4sin2x £10) = 0
f7(x) = —8cos2x £10) = —8
f@(x) = 16 sin 2x f@(0) = 0
f©(x) = 32 cos 2x £5(0) = 32
f©O(x) = —64sin2x f©(0) = 0
f?(x) = —128 cos 2x f0(0) = —128
2 3 7

. e (_1)nX2n+1
(b) snx= > “on+ 1

& (—1)n(2x)2n+1 o (2%)3 . (205 ()7 e

sn2x = nZO 2n + 1) 3l 5| 7
— _87)@+372>(5_128x7+...—2X_ﬂx3+ix5_ix7+...
6 ' 120 5040 3 T 15Y T 35

(c) sin2x = 2sin x cos X

6 120 5040 2 24 720
X3 X3 X5 X5 x5 X7 x7 x7 X7
:2[”(‘E‘E)+<z+ﬁ+fo)+<‘ﬁo‘m‘%‘m)+'"]

3 5 7
:2|:X_27X+27X_%+ . .:|:2X_éx3+ix5_ix7+

3 15 3 15 315
0 _1)nt2n >x tn
98. -3 100. =3 =
cost = X “on 2o
o (—11\ntn >x tn
cos ! = i e-1=73 =
2 & 22(2n)! ~onl
X ﬁ s (_1)ntn+1 X et — 1 & tn—1
JOCC’S p = [ZO 222 (n + 1)]0 T T2
& (,1)nxn+l xet -1 _ oo th X _ oo XN
B nzfo 22(2n)(n + 1) o t dt = L; n- n!}o B n; n-nl
102, acsinx=x+ X 2 1085
' B 2:3 2:4-5 2-4-6-7
arcsinx:1Jr X2 Jrl-3x4 1-3-5¢
X 2-3 2-4-5 2-4-6-7
lim TN~
x-0 X

1
arcsinx _ (ﬂ) _
X



Problem Solving for Chapter 8

421

Problem Solving for Chapter 8

2 Las=§lﬁ:%+é+§+
menZalil il
—S+212+$+

:s+%[1+%+%+- : ]

4. (a) Position the three blocks as indicated in the figure. The bottom block extends 1/6 over
the edge of the table, the middle block extends 1/4 over the edge of the bottom block,
and the top block extends 1/2 over the edge of the middle block.

The centers of gravity are located at

111
bottom block: 6 2 3
: 1.1 1 1
mlddleblock.6+4 5~ T
1,11 1.5
topblock.6+4+2 >~ 12

The center of gravity of the top 2 blocksis

1 5 1
(‘ﬁ*iﬁﬂ*a

which lies over the bottom block. The center of gravity of the 3 blocksis

which lies over the table. Hence, the far edge of the top block lies

1,11 1
6 4 2 12
beyond the edge of the table.

n
(b) Yes. If there are n blocks, then the edge of the top block lies E %from the
c=1
edge of the table. Using 4 blocks,

&1_1,1,1,1_25
&2 2 4 6 8 24

which shows that the top block extends beyond the table.
(c) The blocks can extend any distance beyond the table because the series diverges:

S1_1&81_
27221

ol

IS

o[- - - - ==

Rlo| === === =
RR----------
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b_a b _&(-D)"Ya+b) +(@a-h
Ga—o+r3 4t T 2n
n+1(za o (— )n+1 .
Ifa=Db, E aE converges conditionally.
n=1
(- 1)"”(3 + b
If a +# b, E + E o dlverg&a

No values of a and b give absolute convergence. a = b implies conditional convergence.

NG

8. ex_l+X+5+
XA X12
e¢ —1+x2+§+ : +F+
f120 1
(12) == _
2 —a f12(0) = 665,280

o]

dx =1InlIn x] diverges.
2

> 1
10. @) If p= 1,L XInx

(In2)t-p

> 1 L (Inb)*-p
|fp>1,f2 x(Inx)PdX_t)lLr[.L[l—p 1-

If p < 1, diverges.

®) 2 nln(nz) 22 n|nnd'Verg$by part (a).

12. Letb, = a,r".

(bn)/" = (a,rMY/n = a /" -r . Lrasn - oco.

Lr<%r=1.

By the Root Test, >'b, converges [1 Y a,r " converges.

& 1 .
-28, 5 == (piesp -5 <1
1 1 &1
(b) S 477'[1+§+3+ ]477215—00

4 1 1
(C)W:3|:1+W+@+ ]

_A L
3772’1 372 Converges.

converges.
p ] g

14.@ Gg9 0. 99

®) 508 098

1

- N n
— n22‘40(0.01)

=1+0.01+ (0.0)2+ - - -

= 1.010101. . .

10 — = 2 (0.02)"

=1+ 0.02 + (0.02)? +

=1+ 0.02 + 0.0004 + - - -

= 1.0204081632. . .



