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67. (a) We can find the area between the Lorenz curve and the line y = z by subtracting the area under y = L(z) from the area

i under y = z. Thus,

: ' i : L d li = — L(z)] dzx
: coefficient of inequality = area between Lorenz cOrve aw liney =2z fo z z)]

j area under line y = z f - dz
_Le-L@ld _ fyl=—L()d

z 2/2] 73 =2[; [z — L(z) dz

®) L(z)= &2+ 5z = L(50%)=L(3) =%+ = 18 = 0.39583, so the bottom 50% of the households receive

at most about 40% of the income. Using the result in part (a),

coefficient of inequality = 2]01 [z — L(z)] dz = 2 fol (z— Sz — Lz)de =2, (S -

;jlm
]

l.

IS
]

=2[} Fle-a)de=§[32° — §2°, = 3(3-3) = 3(3) =

Slen

68. () From Exercise 4.1.72(a), v(t) = 0.00146¢> — 0.11553t> + 24.98169¢ — 21.26872.

f (b) h(125) — h(0) = [2*° v(t) dt = [0.000365t* — 0.03851¢° + 12.490845¢> — 21.26872t] 125 ~ 206,407 fi

5.5 The Substitution Rule

)
4

1. Letu = —z. Then du = — dz, so do = — du. Thus, [ e *dz = [ e*(—du) = —e" + C = —e™* + C. Don’t forget thatit &

is often very easy to check an indefinite integration by differentiating your answer. In this case,

a
dz

(—e™* + C) = —[e7%(—1)] = e 7, the desired result.
2. Letu = 2 + z*. Then du = 4z° dz and z° dz = } du,
50/13(2+$4)5d1=/u5 (£ du) :%% +C=402+z) +0C.

3. Letu = 2° + 1. Then du = 3z” dz and 2° dz = 3 du, so

' / mdx_/f ja) =AY Lo

_5/

IJ

(S

4. Letu = 1 — 6t. Then du = —6dt and dt = —3 du, so

: d  [—gdu [ 4, 1u7® 1 .7 1 s
i /(1—6t)4_/ us 6/“ du=-g—+C0=ga+C=gmgr_ap ¢

5. Let u = cosf. Then du = —sinfdf and sinfdf = —du, so g

4
/c0538 sinfdf = /‘u3 (—du) = —94— +C= —%cos40+ C.
6. Letu = 1/z. Then du = —1/z* dz and 1/2* dz = —du, so

/sec‘g/:c) i /seCZU(—dU) = —tanu+C = —tan(1/z) +C.

7. Letu = 22, Then du = 2z dz and zdz = 1 du, so [ zsin(e?)dz = [sinu(} du) = —3 cosu + C = —} cos(z?) + C.

2
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8Letu—x + 5. Then du = 3z* de and z* dx——du S0

[z%(z® +5)° de = [u® (3du) =} f5u w4+ C=%(*+5)"°+C. 5

9. Letu = 3z — 2. Then du = 3dz and dz = } du, so0 [(3z—2)* dz = [u® (Ldu) =1 Zu? +C=Be-2)"+C. .

" 40. Let w = 3t + 2. Then du = 3dt and dt = 3du,so ]
| 3t +2)>4dt = [ u** ld)—l£+c-—1—(3t¢2)3'4—'-0 :
(3t+2) = | (a”_3 v =102V T f

1. Let u = 2z + z°. Then du = (2 + 2x)dz = 2(1 4+ z)dz and (z +1)dz = 1 du, so

/a:—&-l\/QITr?dz—/\/_ du

Or: Letuz\/2:c+3:2.Thenu2=2x+x = 2udu=(2+2z)dz = udu = (1 + z)dz, so
f(:r+1)\/21+3:2d:r:fu‘udu:quciuz%u3+C=%(21-{—1:2)3/24-0

ud/?
o _ 1 2,3/2
2———3/2 +C=3%(2z+2")"" +C.

12. Let u = 22 + 1. Then du = 2z dz and zdx = 1 du, so

T -2 /1 g =1 —1 -1 ‘

— 2 —_ = = - = ) p
/———(3:2 )P dz /u (3du) =3 = +C o C TCESY +C ‘1
13. Letu = 5 — 3z. Then du = —3dz and dz = —3du, so

dz z/l(_ldu) = —lnlu+C=-3[5-32z[+C.

5—3z
14. Let u = €. Then du = €® dz, so [ e” sin(e”) dz = [sinudu=—cosu+C = —cos(e®) + C. ,b"
15. Let u = 7t. Then du = wdt and dt =  du, so [sinwtdt = [sinu (% du) = 3(—cosu) +C = —Lcosnt+C.
16. Let u = 22 + 1. Then du = 2z dz and z dz = 3 du, s0 4
x Ldu 2 2 :
/?—_L—lmr:/%l—:%lnm]—%-c:%ln]z +1|+C=3ln(z"+1)+C [since 2 + 1 > 0]
: i
or In(z? +1)}/*+C=Inva2 +1+C

17. Let u = 3az + bz®. Then du = (3a + 3bz®)dz = 3(a + ba?) dz, so i

a-r-bl’ ldu 1 _1/2 . 4 )
Werpn 21/2:5/“ du=1 2w +C = 2/3az +bz® +C.

18. Let u = 26. Then du = 2df and df = 3 du, so [ sec2f tan20d = [secutanu (} du) = secu+C = 3sec20+C.

2
19. Let u = Inz. Then du = i—?.so/@j—)—da::fu'zdu:%ﬁ-}-(]:%(lnr)3+C.

20. Let u = az + b. Then du = adz and dz = (1/a)du, so ,
d ¢
/ il _/Md_uzl/lduz11n|u|+0=lln|ax+b\+c. i

al u a a

ar+b U

21. Letu = +/t. Thendu = and—dt—2du,so fcosu(?du)=2smu+C=251n\/Z—+—C.

dt cosvVit , : : : 1
Vi " R T
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22. Letw = 1+ 2%/, Then du = %1:1/2 dz and Vz dz = %du, )
[Vz sin(1 +2*?)dz = [sinu (2 du) = % (—cosu) + C = -3 cos(1 +2°*) + C.

23, Let u = sin . Then du = cos 8 df, so [cosf sin®df = [u®du = w+C= 1sin"6+C. '
24. Letw = 1 + tan 6. Then du = sec® §df, so [ (1 + tan6)°sec? 0df = [u®du = 3u®+C = (1 +tan6)® +C.

25, Letu =1+ e®. Thendu = e®daz, s0 [ eIt erdz = [udu=2u%*+C=3}(1+€)**+C.
Or: Letu = /1 =+ e*. Then u? = 1 + €% and 2udu = €* dz, so 4
fe’\/1+ezd1:=fu-2udu:§u3+0=§(l+er)3/2+c.
26. Let u = cost. Then du = —sintdtand sint dt = —du, so [ e *sintdt = [e* (—du) = —€* + C = —e*** + C.

27. Letu = 1 + 2°. Then du = 32* dz and 2 dz = } du, s0

22 _ -1/3(1 _1.3,2/3 , ~_1 _3\2/3 i
‘\ /TﬁdZ—/u (gdu)—g-gu TC—§(1+4) +C.

1

tan- 2 —-1,.\2
28. Letu = tan~ ' z. Then du = dz ,so/an Idzz/uduzu—+C=M—+C.
1+ 22 1+ z? 2 2

29. Let u = tan z. Then du = sec® z dz, so [e***“sec’zdz = [e“du=¢€" +C =™ +C.

sin(ln z)

i 30. Letu:lnz.Thendu:(l/z)dr,so/ dz = [sinudu= —cosu+ C = —cos(lnz) + C.

n-r

= -1 1 1 E
3. Letu:sinx.Thendu:coszdw,so/ coir dx:/%duz/u‘zduzg——i-C':—a +C=—-—+C .
Sing

| [or —cscz + C'].

i 32, Letu:ex+1.Thendu=ezdx,so/e:—+1d:c=/@ =In|u| + C =In(e® + 1) + C.
u

i 33. Let u = cot z. Then du = — csc? z dx and csc? z dz = —du, so
2 3/2 2
/\/cotrcsc“:cdx = /\/z:(—du) = _1;_/2_ +C = —§(cot317)3/2 +C.

! 34, Letu:z. Thendu:—lgdxandizdn:z—ldu,so
T T T T

/cos(vr/a:) dx:/COSu(—ldU) _ _lsinu+cz LinZso
— - o T T

2

sin 2z in r cos
35. —_—dx =2 S——lzdxz,?l. Let u = cosz. Then du = — sinz dz, so
1+cos?zx 1+ cos?z

21:—2/1u+d22 :—-2-%1n(1+u2)+C:—1n(1+u2)+C:—ln(1+coszz)+0.

Or: Letu =1+ cos®z.

36. Let u = cos z. Then du = — sin z dx and sin z dz = —du, so

/&dm:/ll—d;{:—tan_11/+f7=—tan_l(cosr)+(".

1+ cos?zx
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./cot:rdz:/:j;: dz. Let u = sinz. Then du = cos z dz, so/cota:dm=/%du=1n|u1+C:ln|sinz‘|+C.

%8 letu = 1+ tant. Then du = sec? tdt, so

dt sec? tdt du / —1/2
= | —m——= == du———+C—2\/1+tn t+C.
/cos2t\/1+tant /\/1+tant Vu 1/2 -

%9, Let u = secx. Then du = secz tanz dzx, so

b [sec’z tanz dz = [ sec’ z (secz tanz)dz = [u?du=3u’+C = lsec®z+C.

840, Let w = cost. Then du = — sintdt and sint dt = —du, so

[sint sec?(cost) dt = [ sec® u- (—du) = —tanu + C = —tan(cost) + C.

: 1 d
'41.Letu:sin“r.Thendu:—\/ﬁd:&so/\——F_—_I_}SE=/ du=lnlu|+C= 1n|sm z|+C.

1 1
i =d
- 42 Letu:x?Thendu:Qrdm,so/l—%dzz/ﬁ% =-§-tan—1u+C=%tan_l(zz)+C.

‘b 8. Letw = 1 + z2. Then du = 2z dz, so

14z 1 i xr _ =1 %du =3
/l+x2d1:/1+x2dIT/1+:czd$—tan r+/ " = tan r+%ln1u|+€

:tan'lz+%ln\1+:c2|+C=tan'1x+§ln(l+m2)+C [since 1 + z* > 0].

4. Letu=1—z. Thenz = 1 —uand dz = —du, so

z? (l — u)2 1—2u+u? —1/2 1/2 3/2
/ 1-Idr—/ o (—du) = — i du——/(u —2u'"+u )du
——<2u1/’2—2-§u +2 5/2)+C_—2 /——1_3:+ z)¥/? — %(1—1)5/2+C

45. Let w = = + 2. Then du = dxz, so

T _ fu—2 _ 3/4 —-1/4 4, 7/4 3/4 |
/‘4/z+2‘dl'-,/—“\/fdu_/(u —2u V) du=Fu"* -2 307+ C

=4(z+2)4-8(z+2¥*+C

4. Letu=2>+1 [soz’ — u — 1]. Then du = 2z dz and z dz = 1 du,so

[z VaZ+1dz= [’ VZZ+1lzde = [(u—1)Vu (3du) = L [(u¥? —u!/?)du

_ %(%u”z _ %ua/z) +C= §(12+ 1)%/2 — %($2+1)3/2 +C.

Or: Letu:\/:c‘2+1.Thenu2=12+1 = Oudu=2rdxr = wudu=zdz,so
} [z*Va?+1dz= [z’ VeZFlzde = [(u® —1)u-udu= [(u' —u?)du

u—3ut+C= %(I2+1)5/2—§(I +1)¥2 £ C.

1
5

Note: This answer can be written as & v/z2 + 1(3z* + 2% — 2) + C.
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In Exercises 4750, let () denote the integrand and F () its antiderivative (with C' = 0).

4. f(z)=z(2z*-13. u=2°-1 = du = 2z dz, so i
s J2(@® ~1)*de = fu*(du) = Ju + O = L(@® —1)* + C F
p - / ;
; Where f is positive (negative), F is increasing (decreasing). Where f . /’I N\ i :
k! |

|f

changes from negative to positive (positive to negative), F' has a local

minimum (maximum). =4

4. f(z):s”\‘/f, u=vZ = du=3icdz=—1_ 4z so

2Vz
& Sln\/;df[::/sinu(fldu)=—2COS\/:;+C
. Vaz

Where f is positive (negative), F is increasing (decreasing). Where f

changes from negative to positive (positive to negative), F has a local

minimum (maximum).

4. f(z) =sin’z cosz. u=sinz = du=_coszdz, so

fsinsa:cosxd:v:fusduz ut+C= isin‘z +C

Note that at z = Z, f changes from positive to negative and F has a local

) maximum. Also, both f and F are periodic with period 7, so at z = 0 and

atz = m, f changes from negative to positive and F" has local minima.

-0.35
50. f(6) =tan®f sec’f. u =tanf = du = sec? 6db, so 2
ftan205ec29d0=fu2du=§u3+0=§tan36+c \
k Note that f is positive and F' is increasing. Atz = 0, f = O and F has a 11
' horizontal tangent. l['

. Letu =2 - 1,s0du = dz. Whenz = 0,u = —1; whenz = 2, u = L. Thus, [*(z — 1)® dz = [*, u® du = 0 by
Theorem 7(b), since f(u) = u*® is an odd function.

52. Letu =4+ 3z,s0du = 3dz. Whenz =0, u = 4; whenz = 7, u = 25. Thus,

- 3/2 o / / 2
o VEF3zdz = [ u(} du) = %[%J = 2(25%2% — 43/%) = 2(125 — 8) = 234 — 26,
o4

53. Letu = 1 + 223, s0 du = 622 dz. When z = 0,u =1;whenz =1, u = 3. Thus,

Jo #*(1+22%)° do = [0 (Fau) = 3[40} = (5" -19) = (rao 1) = e = 202

54, Letu = 2°, s0 du = 2z dz. When z = 0,u=0; whenz = vV, u = . Thus,

fo";:ccos(zz)dx = [y cosu (% du) = %[sinu]g = (sinm —sin0) = (0 -0) = 0.
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155, Let u = t/4, so du = dt. Whent = 0, u = 0; when t = 7, u = 7/4. Thus,

/4

Jo sec?(t/4) dt = [

sec?u (4du) = 4[tanu]g/4 =4(tan T —tan0) =4(1-0) =4. N

156, Let u = t, so du = wdt. Whent = 2, u = F;whent = , u = J. Thus,

-/6

1/2 /2 1 _ 1 /2 _ 1 _ 1
1/ CSCTt cot t dt = fr/G cscu cotu (2 du) = ;[—cscu}ﬂ/s =—-2(1-2)=21,
£ 57. [™/5_ tan® 6 df = 0 by Theorem 7(b), since f(6) = tan® 8 is an odd function. 2

58, Letu = —z2, sodu = —2zdz. Whenz = 0, u = 0; when z = 1, u = —1. Thus,

e do = [[e¥(~Ldu) = —1[e*];! = —1(e7 — %) = 3(1 - 1/e).

59, Letw = 1/z, sodu = —1/2%dz. Whenz = 1,u = 1; whenz = 2, u = % Thus,

2 _1/z 1/2 -
/ < d.r:/ e“(—du)=—[e“]i/2=—(e”2—e)=e—\/g. o
1 1

2

*/2 z2sinz z?sinz
dz = 0 by Theorem 7(b), since = is an odd function.
/W/2 oot & 0 by Theorem 7(b), since f(x) T 26 | nction 1

61. Letu =1+ 22, sodu = 2dz. Whenx = 0, u = 1; when z = 13, u = 27. Thus,

27

: 3u”3] =233-1)=3.

/13 dz B /27 u""/a(l d’(_L) _ |:l
- 2 - |2
o ¥(1+422)? N1 ! o

62. Let u = sinz, so du = coszdz. Whenz = 0, u = 0; whenz = 7, u = 1. Thus, k.

foﬂ/z cosz sin(sinz) dz = fol sinudu = [— cosuLl) = —(cosl—1)=1-—cosl. i

83. Let u = z° + a?, so du = 2z dz and z dz = 1 du. When z = 0, u = a®; when = = @, u = 2a”. Thus,

a 2a2 2q2 242 g
, 1/2 3/2]* 3/2 243/2 243/2
/0 z\Vz? + a? dz =/2 u'/ (%du):%[%u ]07 :[%u/Lz =%{(2a) — (a*) }z%(?ﬁ—l)as .
a
64. Assume a > 0. Letu = a? — 22, so du = —2z dz. When z = 0, u = a?; when z = a, u = 0. Thus, B
2 |
a T _ [0 . 1/2( 1 _1qra® 1725, 1 [2, 3/2]° 1.3 i
J5 zVaT =% dz = [au!/? (-3 du) = § [T wV/ du—a'[su/]o =30

| 65. Letu=2z—1,s0u+1==zand du = dz. Whenz = 1, u = 0; when z = 2, u = 1. Thus,

: 2 1 1 1
h / r\/:n_——ldr:/ (u+1)\/1:du=/ (w®? +u'?) du = [%u5/2+§u3/1 = +§=
1 0 0

0 8

(1%
S

66. Letu =1+ 22,50z = 5(u—1) and du = 2dz. Whenz = 0, u = 1; when z = 4, u = 9. Thus,

4 9 1 9 ]

zdx s(u—1)du - q 9 9 ;

/ 2 ( ) _ / (ul/z g 1/2)du — %[guB/Q _ 2u1/2J _ % ) % [uan _ Sul/z} 1
1

B - I 1
o V1+2z Vu o2 L H 1

27-9)-(1-3)|=0=1

ek et




484 [ CHAPTERS5 INTEGRALS '

67. Letu = Inz, so du = d—I When z = e, u = 1; when z = e*; u = 4. Thus,
T

68.

69.

70.

7.

72,

73.

4

e 4 514
/ A :/ u_l/zdu=2[u]/‘J =22-1)=2.
e TVinz 1 1

go =. When z = 0, u = 0; when z = , u = %. Thus,

v1—2z2

2 o= . 2q7/6 d
/1/- sin 1I p /7‘/6 P ,:u } / l2
0 VI—IZ 0 2 0 _

Letu=e* +z,s0du= (e’ +1)dz. Whenz =0, u = 1; when z = 1, u = e + 1. Thus,

1 .= e+1 e+l
/ 2 +1dz:/ ldu:[ln[m] =Inle+ 1| —In|l| =1In(e +1).
5 1 U 1

Letu =sin"'z, so du =

-1
[ov]

e*+z
Letu = ﬁ—a,soduzz—wdt. Whent:O.u:—a;whent:Az,u:n-~a. Thus,
T T 2
/O‘W/zsin<% - a) dt = /_Z_stinu (2% du) = % (- cosu}i;a = —Q—i[cos(w — a) — cos(—a)]
= —%(—cosa —cosa) = —%(—QCOSQ) = 7;ﬁcoscc

[}

From the graph, it appears that the area under the curve is about

1 + (alittle more than £ - 1-0.7), or about 1.4. The exact area is given by
A= fol V2z + 1dz. Letu = 2z + 1, so du = 2 dz. The limits change to

2:-0+41=1and2:-1+4+1=3,and

3
A= [IVu(fdu) = }[3u?] =1(3VE-1) = V3 } ~130.

From the graph, it appears that the area under the curve is almost % 7+ 2.6, 2.7

or about 4. The exact area is given by
A = [J(2sinz —sin2z)dz = -2 [cos z] ] — [ sin2zdz

=-2(-1-1)—-0=4

0
Note: [ sin 2z dz = 0 since it is clear from the graph of y = sin 2z that J7psin2zdz = — [7/? sin 2z da.
First write the integral as a sum of two integrals:
K= ffz(:c +3)Vad—z2dze =1+ 1, = f_22 zV4—z2ds + f_22 3v/4 —z2dz. I, = 0 by Theorem 7(b), since
f(z) = /4 =27 is an odd function and we are integrating from z = —2 to z = 2. We interpret J» as three times the area -f

a semicircle with radius 2,50 I =0+ 3 3 (- 22) = 6.
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Ictu = z2. Then du = 2z dz and the limits are unchanged (0?> = 0 and 1% = 1), so

- fol z/1—z%dz =1 fol v/1 — u? du. But this integral can be interpreted as the area of a quarter-circle with radius 1.
‘[-:SoI= 1.1(r.12) = in.

% First Figure Letu = \/Z,s0 z = u® and dz = 2udu. Whenz = 0, u = 0; whenz = 1, u = 1. Thus,

. fl ‘/_dz—fl e*(2udu) :2f0l ue* du.

! Second Figure A = [ 2xe” dz = 2 [} ue® du.

® Third Figure  Let u = sinz, so du = cos z dz. When z = 0, u = 0; when 2 = %, u = 1. Thus,

4 Az = [™?esm = gin oz dr = fo"/z eS"*(2sinz cosz) dr = fo (2udu) =2 fo ue" du.

: Since A; = Az = Aa, all three areas are equal.

Tt _m
b, Let u = [T Then du = ﬁdt and

. 24 24 27 12 12 9
‘ / R(t)dt = / 85 —0.18 cos( dt = / (85 — 0.18 cos u) (— du) = — [85u — 0.18sinu] "
o 0 12 0 ™ T e

= 12 (g5. 27 — 0) — (0 - 0)] = 2040 keal

. The rate is measured in liters per minute. Integrating from ¢ = 0 minutes to ¢ = 60 minutes will give us the total amount of oil
that leaks out (in liters) during the first hour.
ol r(t)dt= [7°100e~" dt  [u = —0.01t,du = —0.01dt]
=100 f;*€*(~100du) = 10,000 [¢*];*° = —10,000(e " — 1) ~ 4511.9 ~ 4512 liters

8. Let r(t) = ae® with a = 450.268 and b = 1.12567, and n(t) = population after ¢ hours. Since r(t) = n'(t),
! f03 r(t) dt = n(3) — n(0) is the total change in the population after three hours. Since we start with 400 bacteria, the

population will be

n(3) = 400 + [ r(t) dt = 400 + [} aebtdt—4004-g[“} =400+%(e3”—1)

2~ 400 + 11,313 = 11,713 bacteria

79. The volume of inhaled air in the lungs at time ¢ is

fo alu-—f0 3 sin(4F )du— 2mt/S 351111'(-5— dv) [substitute v = 2, dv = %du]

=2 [— cos v]gm/s =2 [— cos(—al ) + 1} e [1 - cos(%”t)} liters
£ 80, Number of calculators = z(4) — z(2) = f: 5000 [1 —100(t + 10)‘2] dt
= 5000 [t + 100(t + 10)~']7 = 5000 [(4 + 32) — (2 + 12)] ~ 4048

81, Let u = 2z. Then du = 2dxz, sof0 f2z)dz = [ f(u)(}du) = 3 [ f(u)du=1(10) = 5.

82. Let u = z*. Then du = 2z dz, so f03 zf(z?) dr = fog f(u)(3du) = %fog f(u)du=3(4) =2.
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83. Let u = —z. Then du = —dz, so y=f() y=f(~x)

[P f(~)dz = [T} f(u)(~du) = [T f(u)du= [} f(z)dz /\ /\' 3

From the diagram, we see that the equality follows from the fact that we are : : i

N e

reflecting the graph of £, and the limits of integration, about the y-axis. —b

dieaTn

i 84. Letu = = + c. Then du = dz, so )
) y=flx+c) y=f

[P fle+c)dz= [ f(u)du = f:jj f(z)dz \ \

From the diagram, we see that the equality follows from the fact that we are

translating the graph of f, and the limits of integration, by a distance c. -

c', b atc  b+c 3
4 f— ¢ —>f
85 Letu=1—2. Thenz = 1 — uwand dz = —du, so j
fol:):“(l—.r)bdz:flo(l—u)“ ub(—du):fo1 wb(1—u)*du= [ 2°(1 — z)* da. *
‘ 86. Let u = m — z. Thendu = —dz. Whenz = 7, u = 0and whenz = 0, u = 7. So
‘,‘ Jy zf(sinz)dz = — ff(?r —u) f(sin(r —u)) du = [ (7 — u) f(sinw) du
=7 [T f(sinu)du — [T u f(sinu)du =7 [ f(sinz)dz — [J z f(sinz)dz = ]

2 [z f(sing)dz =7 [] f(sinz)dz = [Jzf(sinz)de=7% [ f(sinz)dz.

rsinz sinz
87. =" =z f(sinz), where f(t) =
1+cos?zx 2 —sin®z # ) 1®)
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‘? Letu = cosz. Thendu = —sinz dz. Whenz = m,u = —1 and whenz =0,z = 1. So
/W sinz ./‘1 du 77/l du
—————dz = —— — = — _ =
o l+cos?z 2/; 14uw? 2/ ;1+u?
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(a) fon/g f(cosz) dz = 0"’/2f[sin(% — )] dz [u=% — x,du=—dz]
:ff/z f(sinu)(—du) = fo f(sinu) du = Jo/ f(sinz)dz

Continuity of f is needed in order to apply the substitution rule for definite integrals.
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(b) In part (a), take f(z) = 22, so fo"/g cos’ zdr = o sin® z dz. Now

ldz = [IJS‘/Q =7
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fO”/z cos® xdx + fo"/z sin’ g dr = fo?r"lz(cos2 z +sin’z)dz =

w/2

: /2 2 - /2 2 .2
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