8.1
1. Letu=Inzx, dv =2 de = du=idx,v=%:r3.'lhenbyEq'uatiun2,
flen:rd:r= (Inx}(%xs) —f(%:r:a)(%] dx=%x3 lnx—%fxzd:r= %:rs lnr—% —:1:3)—|—C

= %9:3 Inxz — %x3+C’ [nr %9:3[1113:— %)—FC]

15. Firstlet v = (Inz)®,dv =der = du=2Inz-2de, v =z Then by Equation 2,
I=[(nz)’de==z(Inz)’ -2 [sInz-Idr==z(Inz)’ -2 [Inzdr. Nextlet ' =Inz,dV =dzr =
dU =1/zdz,V =xtoget [Inzde =zlnz— [x-(1/z)dr = rxInz — [dr = xInz — = + C1. Thus,
I=z(nz)* —2(zlnz —z+ 1) = z(lnzx)’ — 2z lnz + 2= + C, where C = —2C;_

20. Firstletu = 2® + 1, dv = e “dr = du=2rdr v=—e"" By(6),

Jla® +1)e=de = [~(2® +1)e =], + [ 2we = dz = —2e 7 +1+2 [ e = da
NextletU = o, dV = e "dz = dU =dz, V = —e—=. By (6) again,
ful re Tdxr = [— =:| + J”l —Tdr =—e ' + [—e_”]; =—el—el4+1=—2e14+1 %0

[H@®+1)e"de=—2e71 +1+4+2(—2e7  +1) = —2e7  +1—4e7 ' +2= 67! +3.

1
23 Letu =Inz, dv =2 2de = du= —dz,v=—a"" By(6),
x

Inx 1 11?
f T [—ﬂ] +f d:r:z—%ln2-|—ln1+|:——] ——lm240-141=1_1m2
T 11

3. Letz = —t2, so that dz = —2tdt. Thus, [ e dt = [(—t%)e ™ (1)(—2tdt) = 1 [ ze” dz. Now use parts with

u=x dv=e¢"dr du=dr v=e"toget

3 fxe de=3 (ze — [efdz) = lze® — 1"+ C=—1(1—z)e" +C = —%(1+f‘]!jﬂe_1t2 +C.

46. Using Exercise 45(a), we see that the formula holds for n = 1, because f;“ sinxdr = 1 W“ 1dx %[m]gﬂ =
_ 2 e 1-3-5.----(2k— 1) 7w _
Now assume it holds for some & > 1. Then sin” xdr = —. By Exercise 45(a),
o 2.4-6-----(2k) 2
szsh]z("“‘l}xdx_zk-’_l WKzsinszdz_2k+1-1.3.5.....(2,1;_1]1
o T 2k+2 T 2+2  2-4:-6-----(2k) 2
_1-3-5-----(2k—1)(2k+1)

2-4-6----- (2k)(2k +2) 2’

so the formula holds for n = £ 4 1. By induction, the formula holds forall » = 1.

55. The curves y = o sinx and y = (= — 2)? infersect at a = 1.04748 and 3
b == 2.87307, so

area =f: [zsine — (x — 2)*] dx

= [—:::cos;r—|— sinx — %(I‘—Q]S]i [by Example 1]
Az 2.81358 — 0.63075 = 2.18283 -

¥ .
¥ =xsinx

1,
F

ralH



62. The rocket will have height F = fu v(t) dt after 60 seconds.

50 60 50
—rt
H:f [—gt—ysln(m T ):| dt = —g[%tz]:ﬂ—vg[f ln(m—rt)dt—f lnmdt:|
0 0 0

= —(1800) + v.(Inm)(60) — v. [ In(m — rt) dt

1
Letu=In(m —rt),dv=dt = du=
—

60 60
/:; In(m — rt)dt = [t In{m — Tt)] . + ./;

ol
= 601In(m — 60r) + [—: — ™ In{m— rt}] — 601n(m — 60r) — 60 — 2 In(m — 60r) + Zlnm
T i) T T

(—r)dt, v =t Then
rt

60

rt &0
dt=60]n(m—60'r}—|—f ( 1+ — )dt
—rt o rt

So H = —1800g + 60v, Inm — €0v, In(m — 60r) + 60v, + —v, In(m — 60r) — —v, Inm. Substituting g = 9.8,
T T
m = 30,000, r = 160, and v. = 3000 gives us H =~ 14844 m
8.2

3 :?2’;45111 x cos xdx—f‘%”a‘smﬁxcuszx -::u:lsxﬁ’x—J‘h‘msmﬁm[l—51'.1'1|2x}cos:&:a’:&:i«r‘f’-"‘2 u®(1 — 2?) du

8 I84

= [P0 ) du= [ - 2] o (e 1e) 1oy

8. [/ sin*(20)d6 = [[* 1(1 —cos48)d6 = 1[9 — Lsindd]]* = 1[(2—0)—(0—-0)] =%
13. fn sin® x cos® xdr = ;—/ 1(45in2x cos® z)dr = nﬁ‘f 1(251nx cosx)lde = 1 3 ;rfzsi.n22xdm
=1 JI"“"'”rg 1(1 — cosdz)dx = ﬂ'm(l —cosdx)de = 1]z — 1 sindx] 312 =1(%)=2%
3. ftanbxdx =f{sa:2:c— 1)? tana de = f&ec49: tanx dx —2f5ec2x t-an.rdx+ftanxdx
=f sec® = secx tan x dx —2ftan;r sec” :td:t+“ftanxd9:
= %secqx—tanzxﬂ—ln]&ecﬂ +C  [or %58841?—3802 z+ In|secz| + C]
0.1
52. [sin®z cos* xde= [cos®z (1 —cos’ z)sinzdz
= fu4(l — u®)(—du) = Jr{uﬁ —u*) du 9
-7 ™
:%uT—%uﬁ—l—C:%cosT:c—;cus z+C {\% V/
‘We see from the graph that this is reasonable, since F" increases where f is
—0.1
positive and F decreases where f 1s negative. Note also that f is an odd
function and F' is an even function.
85. fae = o= [ _sin’x cos® zde = 3= [T _sin® x (1 —sin® z) cosx dx
=% L w(1—u?)du [where u = sin ]
=0
/4 ) . /4 ¥
57. .-—1=f {cos” z —sin I)dx=f cos 2z dx
—w/4 —mf4
1
w4 1 w4 - — winl
= 2f cos 2o dr = 2[— sin 2.r:| = [sin 29:]‘]/4 Yo
2
] /]
—1-0=1 : i
_5 0 F X
7 3




62. Using disks,

V= j‘u'” n‘(sinz I}z de = 27 f:/z [%(1 — cos 2:.!'}]:z dx '
1
= % UI”z(]. — 2cos 2z + cos® 2r)dx

=z uﬂz [] —2cus2.r—|—%[] — cos:l-:r)] da

EEE

0
=73 UTKZ (2 —2(:052:1:—%cusd:c)dx=%[%x—sin2x+%sin4x];}2 |
— 5[ -0+0) - (0-0+0] = 3+°
8.3
1. Letx = 3sect, where0 < 8 < Zorn < 8 < £ Then
dxr = 3 sec tan 8 dé and x

V2 —9=0sec®d — 9= /9(sec?d — 1) = v/9tan? 4
= 3 |tan#| = 3 tan @ for the relevant values of 8. 3

1

1
- = -
fxzv‘:r:z—g o fgscczé‘-ﬁ’tanﬁ

Note that — sec(8 + 7) = sec 8, so the figure is sufficient for the case m < 8 < X

Vel —9

1
356091‘.3119(39:%[1:059059:%sinB+C=§ —+C

b

12 [} oV FAde = [ Va(Sdy) [u=2"+4du=20ds] =1 2[u"?] =1(5v5-3)

4

22, Tetx =tan®, where — 2 < 8 < L. Then dx = sec® 8 d6,
2+ 1l=secfandx=0 = #=0,z=1 = =

j:v:cz-l-]dz:f;“ﬂvecﬂ sec’ §df = uw’i‘lsecsﬂdﬂ 7

w4 1
]

aT 2
.50 Waxe+1

[by Example 7.2.8]
=3[VZ-1+m(1+v2) - 0—In(1+0)] = $[VZ+In(1 + VZ)]

= %[s&:cﬁ' tan & + In |secd —|—tan9|}

32. (a) Letz = atanf, —Z < 6 < £ Then

2 2, 2 2 25
T= [ g [ofan 8 rgap— [N f g [ b1,
(2 + az}”’ a? sec? § sec ¢ secd

= [(sec® — cos8) df = In|sec + tan | — sinf + C
Vveit+a® | oz x x
=In| X2 T2 L 4tC=Inf(z+vVrPtal) - ——— +C
a a Va2 4+ a? ( ) Vx?+a? !

(b) Let x = asinh¢. Then

o sinh® ¢
I= | ——— acoshtdt = [tanh®tdt = [(1 —sech®#)dt =t — tanht 4+ C
/ a® cosh® ¢ f f( )

. .1 T
=sinh™' = —

——+C
: Vot



aw

—Dr"r<f9<;— s0 dr = /2 sec @ tan & df. Then

36. Letz = /2 secf, where 0 < 8 <

\@sec 8 tan @ d@

T
fx4m:f4mc4gﬁtan9 0.2
=1 [cos?6d6 =1 [(1—sin?8)cosfdf f
= 1[sind —1sin®6] +C  [substitute u = sin 4] _3u JS
_l[v’ﬁ—z‘_(xz—zf“ e F
T4 x 33 —0.2

From the graph, it appears that our answer is reasonable. [Notice that f(x) 1s large when F increases rapidly and small

when F levels out ]

40. The curves intersect when z° + (122)° =8 & P +1lz*=8 & *+47-32=0 =
(22 +8)(2? —4) =0 <« x = £2 The area inside the circle and above the parabola is given by
A= ffz (V8—27 — 12%) dx = 2f02 V8 — 22 dx—2fuz 1z dx

= 2[4(®)sin~(F) +32) VE—T - 1[4

¥

[by Exercise 39]

:Ssin_l(%)+2\/‘1—§=8(%)+4—§=2R+§

0
Since the area of the disk is ﬁ(ﬁ]z = 8, the area inside the circle and K

3y —gr_ 4
3)—6;[ 3

(27 +

below the parabola 1a 4, = 87 —

8.4

A

I - +
T x4+2 -1

(z4+2)(z—1)

xr

24

2. (a) — =

2
a

22 4a+2

r+ 2

B (:::2+:a:—|—2} —(z+2) _
- 24+ 2

22442

(b)

Notice that =% + = + 2 can’t be factored because its discriminant is 5> — dac = —T7 < 0.

Tf d.r—f 6‘}+6 f(1+i6)dx=x+6]n|x—6|+c
522 4+3x—2 52°+3x—-2 A B c . s

23. = = — 4+ — 4+ ——_ Multipl 2)t
z? + 222 x? (z+2) x 9:2+:c—|—2 ply by 2 (= +2) to

get52® +3x — 2 = Azx(z +2) + B(z +2) + Cx” Set x = —2 to get C' = 3, and take
x = 0 to get B = —1_ Equating the coefficients of z” gives 5 = A +C = A =2 So

I—f(___

3
x+2

5z + 3z —
T 23 4222

1
)dx=21n|x|+—+3ln|x+2|+(:‘.
x



1 A Bx4+C  Dz+4+E o 2 2 2 . B
35. PP i =11 +(;r3+4]3 = 1=A(z"+4)" 4+ (Bx+C)z(z" +4) +(Dx + E)z. Settingz =0

. B oy .
gives 1 = 164, so A = ;-. Now compare coefficients.

1 = 3(a* + 827 + 16) + (Bz + Cz)(2? + 4) + Dz* + Ex
1=z + 12® + 1+ Ba* 4+ €2 + 4B2® + 4Cx + Dz* + Ex
l=(& +B)a*+Cz° + (1 +4B+ D)x> + (4C+ E)z +1
SoB+4 =0 = B=-%+C=0,1+4B+D=0 = D=-—1anddC+E=0 = E =0.Ths,

dz = —lx 1 1 1., 4 1/ 1\ 1
— = ___[(= dor = — 1 — .z 4|l - (-2 )=— +cC
fx{:r2+4)2 f(;: Py el e T e A TR nlet 4 -g( =5 )=t

1 1, ., 1
= —Inje| — =1 )4 ———+C
TR R G A7 ey B

4. Letu = /z. Thenz = v*, de = 2udu =

3 e WE}
2‘-'6 dx:f ngj’ ;f—u=2[mn‘1u]f§ﬁ=2(§—§)=§_
1;31‘ +9: 1 lfﬁu' +1 /

2z —1 : .
51. Let u = In(z® — 2 +2), dv = dz. Then du = 2x—_|_2d9:,v = x, and (by integration by parts)
e —x

2 —eln(a? —at2)— [ 2 g _ e
fln{x z+2)dr =xln(z” —x +2) fxz—:c:+2dx zln(z® —x+2) — f(?-l— I+2)dx

) 1(29:—1
=zln(z® —z+2) — 22 — 2_9:_'_2 (:r:—l}z—l—?
herez — 1 = T
In(z? — 2 4 2) — 22 — L In(a? +2J+Tf L g, wd:jqdzu._
=rimnlx —x — a —=—Inlx — I - b raree— = 5 dl,
2 2) f2+1) D i

(z-3+3=30"+1)

:(9:—%}111(9:2—x+2}—2x+\ﬁtan_lu+c

=(9:—%}ln(xz—:r+2}—2x+ﬁtan_l 21;;?1 +

1 1 A B (&

== == — e —_— = N ‘2 —_ —_ e —_ =
54, :C3—29:2_x2(x—2)_x+x2+x—2 = 1=(A4+C)x"+(B—24)xr—2B,s0oA+C=B—-24=0and
L 1 i
1 |
—2B=1 = B=—E,A=—i,andc=;.Suthegenemlant1derwatweofmls
de 1 fde 1 fde 1f de 2
z¥ — 222~ 4 x 2) 22 4) x-2
=—1nlz| - 3(~1/z)+im|z—2(+C - .
1 r—2 1 f, F
—Zln - ‘-i—g-l—c
1 _.2
‘We plot this function with C' = 0 on the same screen as y = ————.
x3 — 2x?
dx dx du
f.rz—Z:c' f(:r—]]z—l fuz—l [putu =z ]
u—1 § . 1 r—2
_Eln u_|_1‘+C [by Equation 6] —21n ‘—FC‘




1 1 A Bz+cC )

1=(14+B)2*+Cx+1 = B+1=0 [B=—1] andC = 0. Thus, the area is

P 21 x
/;9:3+xd9::[ (;—x2+])d.r—[ln|x linja® +1[]] = (n2—1mn5)— (0-Ln2)

=2m2—1m5 [or 2Ing]

8.5

2 -
sin® sm xsm:t' 1 —cos” z)sinx 1
2. dr = dr = %dﬁ:
COS T cos T COS T

=[(u—1)du =1 —In|u| + C = 1 cos’z — In|cosz| + C

U = coaT
du = — sin x dx

u=Inr, 4
3 3 ©odv=r"dr,| _ 115 3 31 4, _ 243 1 673
9. fl rInrdr ld“ dr 1,9 ] = [ET ln}r']l—f1 BT dr—?IHS—U—[Er ]1

= 23,3 (%__ _2431 3_ﬂ
3z? —2 6 + 22 A B :
25. =3 =3 — = 6zx+22=41 2) + B(x — 4). Settin
2 2.8 ° -+ z-1 772 =t (@ +2) + B(= — 4). Setimg

x =4 gives 46 = 64,50 A = L _ Setting » = —2 gives 10 = —6B,s0 B = —2. Now

32 -2 23/3  5/3
f = dx-[( / — )dx=3x+2—;’1n|x—4|—§1n|x+2|+c_

22 —2x —8 —41 x4+ 2

30. z* — 4z < Oon [0, 4], so

2 0 2
-/iz |;r2 —4.r| da = ffz(xz — 4z) dx + fuz(zl.r — &) de = [%za — 29:2] + [21‘2 - %;r:;]u

=0—(-3-8)+(8—-3)—0=16
M. Letu=46,dv="tan*0df = (sec’§ —1)d§ = du=dfandv=tand— 4. So
[étan®8d8 = f(tand —6) — [(tané — 6) df = Gtand — 67 — In[secd| + 36° + C
=f0tan6 — 26° —In [sect| + C

2
u—a

u+a?

2 2
T —

x? +a?

1
Ell’l

1
ld
48. Letu = «°. Then du = 2z dr = f = dz =f i +C =

z* —a* u? —(a2)®  4da? "

52. Letw = x> Then du = 2z dr =

dx _ rdzr _l du _l l_ u _1 1 2
fx(x4+1]_fx2(.r4—|—1]_2fu(u3+1}_2f|:u u2+1]du—21n|u| aln(w +1)+0C

1 4
=1In(z®) — lin(z* + 1)+ C = L [In(z*) —In(z* + 1)] + C = 1111(:’5—) t+o

x*+1

3
or Write T = [ =% __ andletu = 2*.
izt +1)



8.6
1. We could make the substitution © = +/2 z to obtain the radical /7 — %2 and then use Formula 33 with @ = /7.

Alternatively, we will factor /2 out of the radical anduse a = /Z.

2

v z 2
T — 2x2 \/: .
f Iz-I dr = \/ﬁf’ic—zdzg 2 _; .'%_xz_sin_l x i

T

2

1
:—;m—ﬁsin_l(ﬁx)—l—(?

7. Let u = wx, so that du = 7 dz. Then
[ tan®(rz) dz = [tan® u(2 du) = £ [tan® u du = i[%tan"zu—l— ln|cosu|] +C
= 5 tan(7z) + L In|cos (7z)| + C
14. Ietu:ﬁ.T‘henu:’:xandhdu:dx,so

2 T _ T
fsin_legdx=2fusin_1udu22u2 15i1'1_1u+u1TM-|—'.':7:2“r"ﬁ_2]si11_1 \G+—I(2 z) +C.

31. Using cylindrical shells, we get

2 2 2
1.-'=2nf x-x 4—3:30’3::2#[ xz\/‘d—xzdxg%r[g(lrz—fi} 4—x2+§sin_1§
0 0
2

27[(0 + 2sin~1 1) — (0 + 2sin—" 0] =27r(2- %) —2r

37. Derive gives [ &® Vol +dde = Ja(z® +2)Vz? +4— 21n(\:”9:2_-|-4+ ). Maple gives
Lx(a® +4)*% — Lz /=7 + 4 — 2arcsinh (1z). Applying the command convert (%, 1n) ; yields
jo(@® +4°7 — Jx VP 4 -2In(ia+ 3V +4) = 12(2® + ) [(2* +4) — 2] — 2In[(= + V2T +4)/2]
=12(2?+2)v2T +4—2In(VaT T4+ ) +2In2
Mathematica gives %x(2 +22) /3 + 22 — 2aresinh(z/2). Applying the TrigToExp and Simplify commands gives

$[z2+2%) VA+ 27 —8log(3(z+vVA+27))] = 32(z* +2) V2 +4—2In(z + A+ 2%) +2In2, soall are
equivalent (without constant).
Now use Formula 22 to get

4
f:::z 22 4 2?2 dr = %(22+2I2]\,"22+I"!—%ID(I+\/22+I2J +
= %(2}(2+z23 Vita® —2In(z+V/I+z2)+C
= %x(£2+2) \£r3+4—21n(\/r2 -|—4+:::)+C



8.7
1. @ Az = (b—a)/n=(4—0)/2 =2

L= ; Flwii1) Az = f(zo) -2+ fla1) -2 = 2[£(0) + £(2)] = 2(05+2.5) =6
Ry = z:jl Flz:) Az = f(z1) -2+ f(z2) -2 = 2[F(2) + F(4)] = 2(25+3.5) = 12

Mz = 3% f(Z)As = (&) 24 (@) -2 = 21(1) + £(3)] ~2(1.6+32) =96

L5 15 an underestimate, since the area under the small rectangles 1s less than
the area under the curve, and R, is an overestimate, since the area under the
large rectangles is greater than the area under the curve. It appears that M»
1s an overestimate, though 1t 1s fairly close to I. See the solution to

()

Exercise 45 for a proof of the fact that if f is concave down on [, 8], then

the Midpoint Rule is an overestimate of f: flz) dx.

© Tz = (5 Az)[f(zo) + 2f(z1) + Flz2)] = 2[£(0) + 2£(2) + F(4)] = 05+ 2(2.5) +3.5=19.
This approximation is an underestimate, since the graph i1s concave down. Thus, 7> = 9 < I. See the solution to
Exercise 45 for a general proof of this conclusion.

(d) For any n, wewillhave L,, < T;, << I < M, < R,.

2. ¥ The diagram shows that L, > Ty > j': f(z)dx > R4, and it appears that
1
My 1s a bit less than J": f(z) dz. In fact, for any function that is concave
y=flx) upward, it can be shown that L, > T, > [} f(z)dz > M, > Rn.
1] 3 X

(a) Since 0.9540 > 0.8675 > 0.8632 > 0.7811. it follows that L, = 0.9540, T, = 0.8675, M, = 0.8632,
and R,, = 0.7811.
(b) Since M, < [ f(z)dz < T, we have 0.8632 < [} f(x)dx < 0.8675.

1 3—0 1
0O = TrEre M T2
@) Ts = 755 [F(0) + 27 (3) +2F(1) + 2F(2) + 2£(2) +2f(2) + F(3)] =~ 0.895122

® Mo = 3[F(2) + £(3) + () + £(3) +7(3) + F(3)] = 0895478

©) Ss = 55 [£(0) +4F(3) +2F(1) +4F(2) +2£(2) + 47(2) + £(3)] ~ 0.898014



19. f(z) = cos(z?), Az = 152 = %

5
@ Te = 55 {£(0) +2[f(3) + f(3) +--+F(§)] + f(1)} =~ 0902333
Mz =g [f(55) + () + F(5%) + -+ ()] = 0.905620
() f(z) = cos(z?), f'(z) = —2asin(z?), f'(z) = —2sin(z?) — 42® cos(z?). For 0 < = < 1, sin and cos are positive,
so | f"(x)| = 2sin(z?) + 42® cos(2?) <2-1+4-1-1 = 6 since sin(2?) < 1 and cos(z?) < 1 forall z,
andz® < 1for0<x <1 Soforn =8 wetake ¥ =6, a = 0,and b = 1 in Theorem 3, to get
|Ez| <6€-1%/(12-8%) = 52 = 0.0078125 and |Es| < 5= = 0.00390625. [A better estimate is obtained by noting
from a graph of " that | f"'(x)| <4for0 <z < 1]

. . K(b—a)? 6(1 —0)°
(c) Take K = 6 [as in part (b)] in Theorem 3. |ET|<_ZQ£0.0001 o BUZO07 0 o
12n2 12n2
1 1 ) .
ﬁgﬁ 2 2n° > 10 & n?>5000 & n > Tl Taken = 71 for T,. For Eyr, again take K = 6 in
T

Theorem 3 fo get [Enr| < 107* & 4n? > 10* & n? > 2500 & n > 50. Take n = 50 for M.



21 1]° 1 1 1
2EI—£ Fdz—{—;]l————(—l)—af(I)——ﬁ.’.{f—;
n =2

=5 Ls = 1[f(1) + £(1.2) + £(1.4) + F(1.6) + F(1.8)] ~ 0.580783

Rs = 2[£(1.2) + F(1.4) + F(1.6) + f(1.8) + f(2)] ~ 0.430783

Ts = g5 [F(1) +27(1.2) + 2£(1.4) + 2f(1.6) + 2f(1.8) + f(2)] = 0.505783
Ms=1[f(1.1) + F(1.3) + f(1.5) + f(1.7) + £(1.9)] ~ 0497127

Er =1I—Ls ~ 1 — 0580783 = —0.080783
Eg = % — 0.430783 = 0.069217
Er =~ 1 — 0505783 = —0.005783

Er == % — 0.497127 = 0.002873

n =10 Lo = 55[f(1) + f(1.1) + £(1.2) +--- + £(1.9)] = 0.538955
Rio = S[f(1.1) + f(1.2) +--- + f(1.9) + f(2)] == 0.463955
Tio = 5 {F(1) +2[F(L.1) + f(1.2) +--- + f(1.9)] + f(2)} ~ 0.501455
Mio= 5 [f(1.05) + f(1.15) +--- + f(1.85) + f(1.95)] = 0.499274

Er =T—Liyp= % — 0.5358955 = —0.038955
Eg = 1 —0.463955 = 0.036049
Er =1 0501455 = —0.001455

2

Epr =~ 1 —0.499274 = 0.000726

2

n=20: Lag = ==[f(1) + £(1.05) + F(1.10) +--- + f(1.95)] ~ 0.519114
Rzo = 5[f(1.05) + £(1.10) +- - - + £(1.95) + f(2)] ~ 0.481614
Tao = 55 { (1) +2[£(1.05) + £(1.10) + - - - + £(1.95)] + F(2)} ~ 0.500364
Mayo= 2 [£(1.025) + F(1.075) 4 f(1.125) + - -- + £(1.975)] =~ 0.499818

Er =1— Ly % — 0519114 =—-0.019114
Er = % —0.4581614 = 0.018386
Er =2 % — 0.500364 = —0.000364

Eax = % — 0.499818 = 0.000152

T Ln R“ Tn ;14“ T EL ER ET E‘u
5| 0.580783 | 0.430783 | 0.505783 | 0.497127 5| —0.080783 | 0.069217 | —0.005783 | 0.002873
10 | 0.538955 | 0.463955 | 0.501455 | 0.499274 10 | —0.038955 | 0.036049 | —0.001455 | 0.000726
20 | 0.519114 | 0.481614 | 0.500364 | 0.4995818 20| —0.019114 | 0.018386 | —0.0003€4 | 0.000182
Observations:

1. Er and E'r are always opposite in sign_ as are Er and E.

2. As nis doubled, E, and Er are decreased by about a factor of 2, and Fr and 5, are decreased by a factor of about 4.
3. The Midpoint approximation is about twice as accurate as the Trapezoidal approximation.

4. All the approximations become more accurate as the value of n increases.

5. The Midpoint and Trapezoidal approximations are much more accurate than the endpoint approximations.



2. Az =(b—a)/n=(6—0)/6=1
@) Ts = S§2[£(0) + 2/ (1) + 2f(2) + 2f(3) + 2f(4) + 2f(5) + £(6)]
~ 2[3+2(5) +2(4) + 2(2) +2(2.8) + 2(4) + 1]
=1(396) =198
(b) Ms = Az[f(0.5) + f(1.5) + f(2-5) + f(3.5) + f(4.5) + f(5.5)]
~1[454+47+26+22+34+32]

=206

© Se = SEF(0) + 4£(1) +2£(2) +45(3) + 2f(4) + 45 (5) + 7(6)]
~ 1[3+4(5) + 2(4) + 4(2) +2(2.8) + 4(4) + 1]
= 1(61.6) =20.53

32. We use Simpson’s Rule withn = 10 and Az = -

distance = [’ v(t) dt & S1o = F35[£(0) +4F(0.5) + 2f(1) +--- + 4F(4.5) + £(5)]
— 1[0+ 4(4.67) +2(7.34) + 4(8.86) + 2(9.73) + 4(10.22)
+2(10.51) + 4(10.67) + 2(10.76) + 4(10.81) + 10.81]

= 1(268.41) = 44735 m

3. Lety = f(x) denote the curve. Using cylindrical shells, V = [['° 2r2f(2) dz = 2r [}° 2f(z) de = 2711
Now use Simpson’s Rule to approximate I

I ~ Ss = W52[2£(2) +4-3F(3) +2-45(4) +4-57(5) +2- 6£(6) +4-TF(7) +2-8(8) +4-95(9) + 10£(10)]

]

[2(0) 4+ 12(1.5) 4 8(1.9) 4 20(2.2) + 12(3.0) + 28(3.8) + 16(4.0) + 36(3.1) + 10(0)]
(395.2)

1
3
1
3

Thus, V & 27 - 3(395.2) = §27.7 or §28 cubic units.

8.8
) : . ! .
2. (a) Since y = 2E_l15-:13-fuledarndc:::u::tmn.u:)ustm[1._2],-/; 2x_1d;r:15proper.
1 1
(b) Siﬂrey=2 lhasaninﬁnitedjsconﬁmﬁtyatxzé,f 5 1cn!:n:isa"Ija'peIIimpr'opermlegral_
xr — o €Xr —

(c) Since f 1"’1‘—:2 de has an infinite interval of integration, it is an improper integral of Type L

(d) Smnce y = In(x — 1) has an infinite discontinuity at = = 1, Jflz In(z — 1)d= 15 a Type II improper integral.



1 1
4. (a)
g
f Ao
0 ' 10 0

(b) The area under the graph of f fromx =1foax =11s
F(t)= [} f(z)de = [ =7 dw = [~gya=""]}
=—10(t*' —1)=10(1 — %)
and the area under the graph of g is

G(t) = f: glz)dr = f: a0 dr = [s5= = 1]1 =10(" —

1).

(c) The total area under the graph of f is lim F(¢) = lim 10(1 — =01 = 10.

The total area under the graph of g does not exist, since tlim G(t)

o 1 ] 0 1 . : .
. -/;ac 2$_5dI=i—-hI—noo£ 2x—5dx=:_lfr_nm [51n|2x—5|]t

Divergent
27t - -
o [T B2 g g (RS by substitution with — Km
1 x t—oo 2 u=Inz du=dzfz t— oo

35, [ — 3‘5{—":— QL A
T Jo 22 —6z+5  J, (z—1)(z—5) 1T {x—l x—25

1 A B
Now o @=5) z—1 z-5 — =€

(Int)? _

2

= lim [In5—3In[2t—5|] =

Divergent

100
t F(t) | G()
10 | 2.06 259
100 | 3.69 5.85
10* | 6.02 15.12
108 | 7.49 20 81
10" |9 90
10%° | 9.9 | 990
= lim 10(*! — 1) = =
t—oo
—

—5)+ B(z — 1).

Setz =5togetl =4B,so B=121 Setr=1togetl=—44 50 A=—21 Thus

4

z—1

t o _1 1
I = lim ( = +¢)dx= lim
r— 5

t—1— Jg

t—1—

f (& — 1){9-"—5}

1 1 !
[—11n|x—1|+11n|x—5|]u

= lim [(—3In[t—1|+im|t—5]) — (—=3In|-1|+ I 1In|-5])]

t—1—

= oo, since lim (—im|t—1]) =

Since [ 1s divergent, I 1s divergent.




2

4. (a _ glz) = w
: Jy ol=) de It appears ::hat the integral is convergent.
0.447453
0.577101
10 | 0.621306

100 | 0.668479
1000 | 0.672957
10,000 | 0.673407

2

®) —1<sinz<1 = 0<sin’z<l = Ogmzzxgx—lz_sincef ﬁdxiscnnvergent
1
oo - 2
[Equation 2 with p = 2 > 1], f Sn;zxdrisoonvergentbyﬂne(}ompanson"l‘heorenl
1
© 1 Since [~ f(x) dz is finite and the area under g(z) is less than the area under f(x)
1
flx)== on any interval [1, ], [; g(z) dz must be finite; that is, the integral is convergent.
247 2 ) . 1 =1 s . ;
50. Forx > 1, > = [sincee * > 0] = —. — dx is divergent by Equation 2 withp =1 < 1, s0
x T x 1z

f 2te dz 1s divergent by the Comparison Theorem
1

T
57. p— Lthen | % — lim [ %% — lim [na]! = Di
p=titben |25 = i | 5= Jim neli oo Divergent
b de 1 de . . . .
It‘p?él,thenf — = h'_mf — [note that the integral is not improper if p < 0]
o xP t—ot+ J; xP

—r+1 71 1 1
= lim = lim —— |1— o
t—ot | —p+1], t—o+ 1 —p P

Ifp>1,thenp—1= 0,50 — oo as t — 07, and the integral diverges.

tp—1

) ) 1 " tde 1 . 1-,m] 1

Thus, the integral converges if and only if p <0 1, and in that case its value is 1+p



67. We would expect a small percentage of bulbs to burn out in the first few hundred hours, most of the bulbs to burn out after
close to 700 hours, and a few overachievers to burn on and on.
@

]..
y=Fi

0 700

t

(in hours)

(b) r(t) = F'(¢) is the rate at which the fraction F(¢) of burnt-out bulbs increases as ¢ increases. This could be interpreted as
a fractional burnout rate.

(©) [y r(t)dt = lim F(x) = 1, since all of the bulbs will eventually bumn out.



