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value( g2 );

71-80. Example CAS commands:
Mathematica: (assigned function and values for a, and b may vary)
For transcendental functions the FindRoot is needed instead of the Solve command.
The Map command executes FindRoot over a set of initial guesses
Initial guesses will vary as the functions vary.
Clear[x, f, F]
{a, b}= {0, 27}; f[x_] = Sin[2x] Cos[x/3]
F[x_] = Integrate[f[t], {t, a, x}]
Plot[{f[x], F[x]},{x, a, b}]
x/.Map[FindRoot[F'[x]==0, {x, #}] &,{2, 3, 5, 6}]
x/.Map[FindRoot[f'[x]==0, {x, #}] &.{1, 2,4, 5, 6}]
Slightly alter above commands for 75 - 80.
Clear[x, f, F, u]
a=0; fl[x_]=x*>—-2x—3
ux_]=1-x2
F[x_] = Integrate[f[t], {t, a, u(x)}]
x/.Map[FindRoot[F'[x]==0,{x, #}] &.{1,2,3,4}]
x/.Map[FindRoot[F"[x]==0,{x,#}] &,{1,2,3,4}]
After determining an appropriate value for b, the following can be entered
b=4;
Plot[{F[x], {x,a,b}]

5.5 INDEFINTE INTEGRALS AND THE SUBSTITUTION RULE

1. Letu=3x = du=3dx = %duzdx

fsin3de:f %Sinudu:7%COSU+C:*%COS3X+C

2. Letu=2x* = du=4xdx = }du=xdx

fxsin(2x2)dx:f%sinudu:—%cosu—i—C =—1lcos2x’+C

3. Letu=2t = du=2dt = {du=dt

fsethtantht:f%secutanudu:%secu—i—C:%seth—i—C

4. Letu=1-cos; = du:%sin%dt = 2du=sin 5 dt

f(l—cos%)Z(sin%) dt:quZdu:%uS—i—C:%(l—cos%)g—i-c

5. Letu=7x—2 = du=7dx = %du:dx

[280x 2P dx= [1@8uPdu= [duPdu=—ut+C=—(Tx-2 " +C

6. Letu=x*—1 = du=4x>dx = }Tdu:X3dx

fx3(x471)2dx:f%u2du=%+C:%(x471)3+c
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324  Chapter 5 Integration

7. Letu=1-1 = du= —3r2dr = —3du=9%dr

[ s du= 3@+ C = —6(1- 1) 4 C

8. Letu=y*+4y>+1 = du= (4y> +8y)dy = 3du=12(y> +2y)dy
[r2pt+ay2 41 (P +2y)dy = [3u?du=u +C= (y' +4y* + 1)’ +C

9. Letu=x3?-1 = du=3x1/2dx = %du:\/;dx
f\/;sinQ(x?’/Qfl) dx:f%sinQudu:%(%f%SmZu)JrC:%(x?’/Qfl)f%sin(2x3/272)+C

10. Letu:f% ﬁdu:x%dx
fxl—Qcos2(%)dx:fcos2(—u)du:fcos2(u)du:(g—l—%sinZu)—l—C:—%—i-%sin( )+ C

X
—— b e

11. (a) Letu=cot20 = du= —2csc*260df = — 3 du = csc?26 df

f08022900t20d9=—f%udu=—%(“2—2)+C=—‘Z—2+C=—}Tcot220+c

(b) Letu=csc20 = du= —2csc26cot20df = f%du:csc 26 cot 26 dO

2

fcscz2900t20d9=f—%udu=—%(”7)+C=—‘2—2+C=—}Tcsc220+c

12. () Letu=5x+8 = du=5dx = 1du=dx

=t () a=s [ a= o) se= gt re =3 as+C
(b) Letu=+/5x+8 = du=1(x+8) V25 dx = Zdu= &

Voxi8

13. Letu=3—-2s = du=-2ds = —%duzds

JVE=mas= [ V(o) =4 fuan= () ) o=~ 16299 4 C

14. Letu=2x+1 = du=2dx = %du:dx
Joxtvrax= [uw(la) =1 [ebdu= (1) (¥)+Cc=tex+ni+c

15. Letu=5s+4 = du=5ds = ldu=ds
S Ame=[ fGa) =L [ua= () @) +c=2/5Tarc

16. Letu=2—-x = du=—dx = —du=dx
| & dX:f%:*fU’Qdu:%(%)+C:ﬁ+c

17. Letu=1—-6* = du=—-20d0 = —Jdu=06df

JoVi—ezdo= [{/u(-2du)=—1 [u/rdu=(-1) () +C=-201-6%)"" 1 C

18. Letu=6%2—1 = du=20df = 4du=280db

[80Ver—1d0= [*/ucddw =4 [uwSdu=4(uP) +C=3(0-1)"" +C
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Section 5.5 Indefinite Integrals and the Substitution Rule

Letu=7-3y? = du= —6ydy = f%du:3ydy

ST ay= [ Va(-faw =) [ulau= (=) Gu) s c= -4 -3 v c
Letu=2y?+1 = du=4ydy
\/iyyf‘il :fﬁduzfufm du=2u24+C=2\2y2+1+C

Letu:1+\/§;s duzz\l/;

— 2du __ 2 _ =2
dx = u—zll—_G+C—l+\/;+C

1
fﬁ(Hﬁf
Letuzl—f—\/g = du:ﬁdx = 2du:%[dx
J o e fwean—2(u) +e= 11+ +

Letu=3z+4 = du=3dz = ldu:dz
fcos(3z+4)dz-f(cosu)( du)z fcosudu—3smu+C 3'sm(?az—|—4)—|—C

Letu=8z—5 = du=8dz = ldu=dZ

fsm(Ssz)dsz(smu) du): fsmudufs( cosu)+C77—cos(8275)+C

Letu=3x+2 = du=3dx = ldu:dx
fsecQ(Sx—i-Z)dx:f(sec u)( du) = fsec udu—ltanu—l—C 1tan(3x—|—2)—|—C

Letu =tanx = du = sec?x dx

ftan2xsec2xdx:fu2du= P+ C=1ax+C

Letuzsin(%) = du—3cos( )dx = 3du—cos( )dx
fsin5()cos()dx—fu (3du):3( )+C fsm6(§)+C

Letu:tan(z) = du :—sec (%) dx = 2du = sec? (%) dx
ftan ) sec? (3) dx f (2du) =2 (u®) +C=jtan®(3) +C

Letu=5% 1= du=5dr = 6du=r’dr
Je(a—1) a=[weam=6[wa=6(%)+rc=(5-1) +c

Letu—7—% = du=—4r'dr = —2du=r'dr

7-2) dr= [ (2dn)=-2[wddu=-—2(")+C=-1 7-2) 4 ¢
Je(-5) a=[ J (%) H1-%)

Letu=x%2+4+1 = du:%xl/de = %du:xl/de
fx1/2 sin (x¥2 +1) dx:f(sinu) (3 du) = %fsinudu:%(—cosu)—f—C:—%cos(x?’/z—f—l)+C
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326  Chapter 5 Integration

32. Letu=x3 -8 = du—é x/3dx = §du—xl/?’dx

fx1/3 sin (x*/3 — dx—f(smu) (2 du) = fsmudu =3 (—cosu)+C=—2cos (x¥/3—8) +C

33. Letuzsec(v—l—%) = du:sec(v—i-g) tan(v+g) dv
fsec(v+g) tan(v+g) dV:fdu:quC:sec(erg)JrC

34. Letu = csc (V;”) = du=— % csc (V;“) cot(";”) dv = —2du= csc(V;”) cot(V;”

fcsc (%) cot(";”) —f—2du:—2u+C:—20sc (%) +C

35. Letu=cos(2t+1) = du=—-2sin(2t+1)dt = —%duzsin(2t+1)dt

sin (2t + 1) 1 dao _ 1 _
fcos2<2t+1) dt = 7§F_2u+c_

)dv

1
2cos(2t+1) + C

36. Letu=2+sint = du=costdt
fentsdt= [ Sdu=6[utdu=6(%)+C=-3C+sin0+C

(2 +sin t)?

37. Letu=coty = du= —csc’ydy = —du=csc’ydy
f\/cotyCSCdey:f\/ﬁ(—du)z—fu1/2du:—%u3/2+C———(coty)3/2+C——%(cot?’y)l/Z—i—C

38. Letu=secz = du=secztanzdz

f”\C/Ze%zdszﬁdu:fu’l/Zdu:2u1/2+C:2\/SCCZ+C

39. Letu=1—-1=t'-1= du=—t"%dt = —du=};dt
ft%cos(%—l) dt:f(cosu)(—du):—fcosudu =—sinu+C=—sin(}-1)+C

_ _41/2 _1.-1/2 [
40. Letu=1/t+3 =043 = du=3t7dt = 2du= o dt

f%cos(\/{+3) dt:f(cosu)(Zdu):2fcosudu:2sinu+C:2sin(\ﬂ+3)—|—C

41. Letu:sin% = du= (cos %) (79%) do = fdu:e%coséde

f%singcosede—f—udu:— w4+ C=—3sin®+C

42. Letu:CSC\/§=>du=(—csc Gcotf)( )d0:> —2du—\/—cot HCSC\/_dG
ﬁO:I,:/_ e_f\[cot Hcsc\/_dﬁ—f —2du=—2u+C=—2csc/0+C=— n\/é+c

43. Letu=1s%+2s> —5s+5 = du= (3s® +4s —5) ds
[ +28 =55 +5) (352 + 45— 5)ds = [udu=% 4 c= 2053 4 ¢

44, Letu=0"—2024+80—2 = du= (403 —40+8)d0 = Ldu=(6°—0+2)do
Jor 202 480-2)(0°~0+2)d0 = [u(bau) =4 [udu=1(§)+c= 2020 4 c
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46.

47.

48.

49.

50.

51.

52.

Section 5.5 Indefinite Integrals and the Substitution Rule
Letu=1+t" = du=4dt = {du=¢tdt

Jea+td=[w(dd)=(u)+Cc=L1+h) +C

Letu=1—-1 = du= % dx

f X;%ldx:fx% X;ldx:f%2 lfidx:f\/adu:fl/Qdung/QJrc %( *%)3/2+C

Letu = x? 4 1. Then du = 2xdx and 1du = xdx and x* = u — 1. Thus fx‘"’\/x2 +1dx = f(u —1)3y/udu
_ %f(uB/Q —ul/z)du _ %{%um _ §u3/2] +C= %usp 1 W2 4C = (x +1)0/2 1( 4 1)3/2

Letu=x3+1:>du:3x2dxandx3:ufl.Sof3x5\/x3+1dx:f(ufl)\/adu:f(u?’mful/?)du

_ §u5/2 _ %u3/2 +C= %(x3 + 1)5/2 . %(X3 + 1)3/2 e

(@) Letu=tanx = du=sec’xdx;v=u’® = dv=3u’du = 6dv=18uduyw=2+v = dw=dv

18 tan® x sec’ x _ 18u® _ 6dv_ __ 6 dw 2 o o
f (2+tan7x f (2+4u? 2 du = Q2+v)2 —f w2 —6fW dw = 6W +C=

:_2+u3+c_ 2+tan3x_|—C
(b) Letu=tan’x = du=3tan’xsec’xdx = 6du= I8tan’xsec’xdx;v=2+u = dv=du

18 tan® x sec® x _ 6 du _fw__g _ _
f (2 +tan® x)” dx = 2+u? Vi V+C_ 2+u+C 2+tan3x+c

(¢) Letu=2+tan’x = du=3tan’xsec’xdx = 6du= 18 tan’x sec’x dx
18 tan” x sec” x 6du __ 6 _
f (2 +tan® x)” X_f e _7G+C_72+langx+c

(@ Letu=x—1 = du=dx;v=sinu = dv=cosudu;w=1+v?> = dw=2vdv = %dw:vdv
f\/l+sin2(x—1)sin(x—1)cos(x—1)dx:f\/l+sin2usinucosudu:fvx/1+v2dv
= [l/wdw=1wpCc=11+v¥) 4+ C= (1 +sinw) 4 C= (1 +sin(x— 1)+ C
(b) Letu=sin(x—1) = du=cos(x— Ddx;v=14+u®> = dv=2udu = %dV:udu
f\/l—l—sin?(x—l)sin(x—l)cos(x—l)dx:fu\/l—ku?du:f%ﬁdV:flvl/Zdv
— (L)) +c=1vrrc=1(1+uw)+C=L 1 +sin2x— 1)+
(c) Letu=1+sin>(x—1) = du:2sm(x—1)cos(x—1)dx = %du—sm(x—l)cos(x—l)dx
[ VT+si?x = Dsinx— Deos(x— Ddx = [1/udu= [Lu2du=1(2u¥2) +C

= L1 +sin2x—1)"* +C

Letu=32r—1)’+6 = du=6Q2r— DQ)dr = Ldu=Qr—Ddr;v=,/u = dv:ﬁdu = lay

6

_ 1
T 12y/u du
Q2r—1) V/3Q2r—1)2 + 0s \/u
f \/c;(’;_l)z% S dr 7»[(7\11/_)( f(cosv) (tdv) =Llsinv+C=1lsin/u+C

= 6 siny/3Q2r—1)2+6+C

Letu:cOS\/é:du:( sm\/_)( )d9:> 2 du= Y 4p

Vo
sm\/_ f sm\/_ —2du_ ) —3/2d — _ 2 -1/2 _|_C:i_|_c
e e e A
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54.

55.
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58.

59.

60.

Chapter 5 Integration

= +C
\/cosxf

Letu=3t> -1 = du=6tdt = 2du=12tdt
s= [12062 - )P dt= [wedy=2(u)+C=Lut+Cc=132 -1 +C
s:3whent:1é3:%(371)4+C:>3:8+CéC:75és:%(3t271)475

Letu=x>4+8 = du=2xdx = 2du=4xdx
y= [4x(+8) P dx= [uF@dw =2 (3u%) + C=3u¥?+C=3(x+8)
y=0whenx=0 = 0=38)>+C = C=-12 = y=3(x2+8)"* - 12

2/3+C;

Letu=t+ {5 = du=dt

s:f85in2 ) dt = szm udu=8(%—4sin2u) +C=4(t+75) —2sin(2t+ ) + C;
s:8whent:0 = 8_4(12) 25111( )+C = C:8f§+1:97§

= s=4(t+ 7)) —2sin (2t+ %) +9—F =4t —2sin (2t+ %) +9

Letu= 7 -0 = —du=df
r:f3c052(§—9)d€:—f3cos2udu:—3(% 4sm2u)—|—C——%
=gwhen9=0:>g:—%—gsinﬂ+c:>c T4+3 = r=—3(
=r=30-3sin(}-20)+%+3 :>r—39——00520+ T4+ 2

Letu=2t—2 = du=2dt = —2du=—4dt
$:f74sin(2tfg) dt:f(sinu)(f2du):2c:osu+C1:2005(2tf§)+C1;
att=0and & = 100 we have 100 =2cos (— 5) + C; = C; =100 = $ =2cos (2t— ) + 100

= s= [ (2cos (2t~ 3) +100) dt = [ (cos u+ 50) du = sinu+ 50u+ Cy = sin (2t — I) + 50 (2t — 7) + Co;
att=0ands:0wehaveO:sin( )+50(——)+C2 = Co=1+257

= s =sin (2t — ) 4 100t — 257 + (1 + 257) = s =sin (2t— F) + 100t + 1

Letu =tan2x = du=2sec’2xdx = 2du=4sec’2xdx;v=2x = dv=2dx = }dv=dx
dy—félsec22xtan2xdx—fu(Zdu)—u +C; =tan?2x + Cy;
atx=0and ¥ =4wehave4 =0+C; = C; =4 = ¥ =tan’2x +4 = (sec?2x — 1) + 4 = sec?2x + 3

= yzf(seCQ2x+3)dx=f(seczv+3)(%dv) =ltanv+2v+C=1tan2x+3x+Cy
atx=0andy = —1wehave -1 =1(0)+0+C, = C,=—-1 = y=1tan2x+3x— 1

Letu=2t = du=2dt = 3du=64dt
s:f6sin2tdt:f(sinu)(3du):—3cosu—|—C:—30052t—|—C;
att=0ands =0wehave 0 = —3¢cos0+C = C=3 = s=3—3cos2t = s(g) =3—3cos(m) =6m

Letu=7t = du=7dt = 7du=x2dt

V:f7r2 coswtdt:f(cosu)(wdu):wsinu—f—cl:wsin(wt)—i—Cl;
att=0andv=8wehave8 = 1(0) +C; = C;=8 = v=5=rsin(m)+8 = s= [ (rsin(r0) +8) dt
:fsinudu+8t+C2:fcos(ﬂ't)+8t+C2;att:Oands:OwehaveO:71+C2 = C=1

Copyright (c) 2006 Pearson Education, Inc., publishing as Pearson Addison-Wesley



