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The acceleration is ‘—;%, where r is the velocity of the aircraft. So suppose that i c, a

d . . .
constant. Then v = [ gl;— dt = cdt = dt -+ k, where k is the constant of integration. We have

v (0) = 160 mph = &8 x 88 = 73 fi/sec. This gives v (0) = k = 2%, s0 v () = ¢t + Z34. Because the aircraft

was brought to rest in 1 second, we have v (1) = 0. Using this condition wefindo (1) =c + @ = 0, and

¢ = —12 fi/sec?, and the deceleration is equivalent to B % L =2 thatis, 74 g's.

The time taken by runner A to cross the finish line is t = 22%9 = 1010 sec. Let a be the constant acceleration

d .
of runner B as he begins to spurt. Then d—l; = a, so the velocity of runner B as he runs towards the

finish lineis v = [adi =at+c. Att = 0,0 =20 andso v = at = 20. Now & = v = ar 4 20,
sos = [(at+20)dt = %at2 + 207 + k, where £ is the constant of integration. Next, s (0) = 0 gives

s = %at2 + 20t = ( at + 20) t. In order for runner B to cover 220 ft in 11010 sec, we must have

[2 (100) +20] R =20,50Pa+20=2F =12 05 -1 _30=2 anda=2 .1l =0.924 fiysec?.

Therefore, runner B must have an acceleration of at least 0.924 ft/sec?.

_ ! _ 1 - 1 1.2 o e .
hy=[H@®)=[ ( 25) («/20 ﬁt) dt = —5¢ (\/2—01‘ - 1! ) + C. Next, we use the initial condition
h (0) = 20 to obtain 4 (0) = C = 20. Therefore, the required expression is 4 (1) = —-2]—5 («/ 20t ~ mt ) + 20,

Suppose the acceleration is k. The distance covered is s = f (¢) and satisfies f” (r) = k. Thus,
@) =0@) = [kdt =k +Cy. Next,n (0) =0 gives o (r) = kt,and sos = f () = [kt dt = Lki? + C,.
Now f (0) = 0 gives s = k2. If it traveled 800 ft, we have 800 = 1kt%, 507 = %. Its speed at this time is

vy =kt =k (%) = 40+/k. We want the speed to be at least 240 ft/sec, so we require 40/ > 240, implying

that & > 36. In other words, the acceleration must be at least 36 fi/sec?.

True. See the proof in Section 6.1 of the text.

False. [ f (x)dx = F (x) + C, where C is an arbitrary constant.

True. Use the Sum Rule followed by the Constant Multiple Rule.

False. [ £ [f (x)]dx = [ f' (x)dx = f (x) + C, whete C is a constant of integration.

False. Take f(x) = 1 and g(x) = 1. Then [ f (x)g (x)dx = [ 1dx = x + C, whereas
[[f®)dx][fgx)dx]=(f1dx) (f1dx)=(x+C)(x+ D)=x>+(C+ D)x +CD.

Integration by Substitution

f "Concept,Questiyons I page 430

1.

To find / = [ f (g (x))g’ (x) dx by the Method of Substitution, let u = g (x), so that du = g’ (x) dx. Making the
substitution, we obtain / = [ f (u) du, which can be integrated with respect to u. Finally, replace u by u = g (x) to
evaluate the integral.
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2. For | = xe"‘zdx, we letu = —x2, sothat du = —2x dx and x dx = — du Then I = —5 fe" du, which is easily
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11,

12,

13.

Put w = x

. Letu = 1> +2,50du =312 dt. Then [31% (* +2)

integrated. But the substitution does not work for J = [ e~ dx because it does not reduce J to the form fwdu,

where f is easily integrable.

Exercises | page 430

Putw = 4x +3,s0du = 4dx and dx =  du. Then [4 (4x +3)*dx = [u*du = Li°

. Letu = 2x2 + 1,50 du = 4x dx. Then [ 4x (2x? +1) dy = [u'du=§ub+C =

.Let u = x> — 2x, so du = (3x2—2)dx. Then

f(x3—2x)2(3x2— )dx—fuzdu——u +C=1 3 —2x) +C.

3 —x2 +x,s0du = (3x>—2x+1)dx. Then

+C=L1@x+3°+cC.

Le2+1) +c.

JBx2 =24+ 1)(x° —x +x) dx—fu4du—~u —|—C— (x> —x2 +x)5+C.

.Let w = 2x% + 3, so du = 4xdx. Then

/4—x3dx: —-gdu—/u“3du=—%u"2+C=—-;2+C.
(2x2+3) u 2(2x2 +3)

.Let u = x> + 2x, so du = (3x*+2)dx. Then

3x2 +2 . » 1
dy = — C=————+C
/( / /u ! vt x3+2x+

L Putw = 2+ 2, s0du = 3%dt and 12dt = ld Then

323 +2dt = [udu= 332+ C =3 (P ~I—2)3/2

32

Letw = x2 — 1, s0du = 2xdx and xdx = %du. Then
2

f2(x? —-1) wdx =2 [ Luddu= gl +C =L (x -1)10+C.

Let w = 2x3 + 3, so du = 6x2dx and x?dx = ldu Then
a2 +3) dx =1 futdu=LuS +C =4 (253 +3)° +

Letw = 1 —x°, 50 du = —5x%dx and x*dx = —%du. Then
4
X du 1 ] 5

Let u = x> — 1, s0 du = 3x%dx and x?dx = {du. Then

d 1
/«/—x_)sc —dx =3 71:7 - E/u—lﬂdu= Jull 4 C=5Vx"=T+C.

2
Letu = x —2,s0du = dx. Then/x

dt = [u’ldu =20 + C =

d
2dx=2/7u=21nlul+C:lnu2+C:

2+

In(x —2)%2+4C.
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2 1 x? du 1 3
14. Let u = x* =3, s0 du = 3x? dx and Jdu = x* dx. Then/;?——gdx =/§—u— ={Inlul+C = 3In|x>-3|+C.

15. Let # = 0.3x% — 0.4x + 2. Then du = (0.6x —0.4)dx = 2(0.3x —0.2)dx. Thus,
03x -0.2 1 1 1 2
/mdx =/§;du= ilnlu[—i-C:: iln(03x —O4x+2)+C
16. Let u = 0.2x> + 0.3x. Then du = (0.6x>+0.3)dx = 0.3 (2% + 1) dx. Thus,

2x"+1 1 10 3
/02x3+03x / du=ﬁ1n|u1+C=Tln[0.2x +0.3x| +C.

17.Let v = 3x2 — 1, so du = 6xdx and xdx = %du. Then

2x X 1 fdu . ,
/3x2—1dx:2/3x‘_2_1dx—§ —u——-—ln|u|+C-—§In]3x —1|+.c,

2
-1
18. Iz/ff_“dx. Letu = x> —3x + 1. Thendu = (3x2 —3) dx =3 (x? — 1) dx and (x? — 1) dx = $ du.
x3 —3x
Therefore,l:f%u“ldu= %1n|ul+C= —;—ln}x3 =3x+1|+C.
19. Let u = —2x,s0du = —2dx and dx = —%du. Then [e™> dx = —1% fe“ du = ——e" +C =124,

20. Let u = —0.02x, so du = —0.02dx and dx = —O—_I@ du = —50du. Then
e % dx = —50 [ e du = —50e9% 4 C.

21. Letu =2 —x,50 du = —dx and dx = —du. Then [ ¢ dx = — [e’du = —e* + C = —e>* 4+ C.

22. Letu =2t +3,s0du = 2dt and df = L du. Then [e¥ 3 dt =1 [e¥ du =Le" + C = 123 4 C.

23. Let u = —x2, 50 du = —2x dx and x dx = —1 du. Then [xe™ dx = J—tetdu=—%e" +C = —je"‘ +C.
24. Letu = x> — 1,50 du = 3x2dx and x2 dx = } du. Then [x2e"’~Vdx = [le*du = tev 4 € = 1’1 1 C.

25. [(ef —e™)dx = [e*dx — [e* dx =" — [ e dx. To evaluate the second integral on the right, let ¥ = —x
sodu =—dx anddx = —du. Then [ (¢* —e™)dx =e¢* + [e'du=e"+e"+C=e"+e* +C.

26, [ (e* +e~¥)dx = [e* dx + [ e dx. To evaluate the first integral, let u = 2x, and to evaluate the second, let
u = —3x. Wefind [ (¢2* +e™)dx = Je?* — Le™3x 4 C.

) 2e* e* du
27, Letu:1+ex,sodu:e"dx.Then/—dx=2/—dx=2/——=21n|u|+C:2ln(1+e")+C.
14ef 14+¢* u

28. Let u = 14 ¥, so du = 2e*dx. Then e dx = Ldu, so

2x
e 1 du 1 1 2
/md"=5 —=ahlul+C=3in(l+e¥)+C.

29. Let u = /x = x'/2. Then du = 3x~'2dx and 2du = x~12dx, so

23“du:2e”+C:2eﬁ+C.
Fe=f
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—l/x

1
Let u = e™!/*. Then du = —— e~/ dx, so f dx = [—udu=—3u> +C =—4e 2" + C.
x?

Let u = ¥ +x% sodu = (3¢ +3x?) dx = 3 (> +x?) dx and (> +x?)dx = 1du. Then

3 1 fdu 1 —2 1
/——e——+x——3—dx:—/—;l:—/u‘3du:—u—+C=————-——-—————7+C.
(e3% + x3) 3/ u 3 6 6 (3% + x?)

Let w = e* 4+ e, 50du = e — e *dx. Then
et —e™ =302 gy = —2y=112 - -xy~1/2
/(e‘—i—e‘x 3/2dJC—/ 35 = / du 2u +C 2(e* +e™)" T4 C.

Let u = e + 1, so du = 2¢* dx and %du = e dx. Then
[ (e +1)3dx =f%u3du= —};u4+C= % (ez"—}— 1)4+C.
Letw = 1+e ¥ dx,sodu=—e " dx.Then fe™ (1+e™¥)dx = [—udu = Ly c=-1 (1 +e_")2 +C.

In$
Let u = InSx, sodu_—dx Then /l—’fd —/uduz%u2+C:%(ln5x)2+C.

1 (nw)* 3 1,4 1 4
Letv =Inu,s0dv = —du. Then [ ——du = [ v do = 30" +C = 3 (lnw)” +C.
u u

3 1 d
Letu:31nx,sodu=——dx.Then3/——-—dx:3/—Zi=3ln|u|+C=3ln|lnx|+C.
x xInx u

1. 1 1 1
Letu:lnx,sodu:—dx.Then/———idx=/—5du=/u'2du=-—u‘1+C=—-——~+C.
X x (Inx) u Inx

J_

1
Let u = Inx, sodu = — dx. Then dx——/fdu———z- 3/2—{-C—2(lnx)3/2+C
x

1 Inx)7/2
Letu =Inx,sodu = —dx. Then/& dx = /u7/2dzt = %ug/z +C= %(lnx)g/2 +C.
x x

/ (xe"2 - 2):_ 2) dx = /Jce"2 dx —-/ 2):— dx. To evaluate the first integral, let u = x2, 50 du = 2x dx and
x

xdx = %du. Then fxe"2 dx = %fe” du+Cy = —e +Cy = + C1. To evaluate the second integral, let

—/——u—z—ln|u|+C2:%ln(x +2) + Ca.

u=x>+250du =2xdx andxdx:%du.Then/;z—%_—idxz 7

Therefore, / (xe"2 - 2):_ 2) dx = —im(x?+2)+C.

eX +3
du = —2x dx and x dx = —1 du. Then fxe“x2 dx =—% [edu=—}e" +C1 = —%e‘xz + C1. To evaluate the

x X
/ ( -y )dx = / xe ™ dx + / xe_|_ 3 dx. To evaluate the first integral, let # = —x2, so
e

o d
second integral, let u = e* + 3, so du = e* dx. Then/ ve_|_ 3 dx :/l =Inlu| + Cp = In(e* +3) + C,.
e’ u

X
Therefore, / (xe‘“‘2 - exe+ 3) dx = —-%e—xz +In(e* +3)+C.
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1
43. Letu = /x — L, s0du = 1x712dx = ﬁdx and dx = 2./x du. Also, we have \/x = u + 1, so
X

x=@+1)?=u?*+2u+1anddx =2 u + 1) du. Thus,

2 3430 +4u+2
x+1 dx_/w'z(u+l)du:2/(u +3u" +4u+ )a’u
ﬁ—l u u

=2/ (w4 3u+4+2) du =2 (}? + 302 + 4u + 2Injul) + C
=2[J(vx = 1)’ + 3 (VF - 1) 4 (- ) +2m|VE -1+ C

44. Letv = e +u. Thendo = (—e™+1)du and —dv = (e™* — 1) du. Therefore,
R | d
/e du:/(—-—D)——lnlv]———lnle‘”+u|+c
e~V +u v

45, Letu =x — 1,s0du = dx. Also,x = u + 1, and so
fx(x—l)sdx=f(u+1)u5du=f(u6+us)du=%u7+éu6+C:%(x—-l)7+%(x—l)6+C

G+ -1°
- 42

1. 1
—_—— = —_—f ——dt =1t —1 1M+ C.
46/ dt = /( H_])dt /dt /t_l_ldt t—Injt + 1]+
47. Letu = 1 + /%, 50 du = $x~ Y2 dx and dx = 2./ = 2 (u — 1) du. Then
- —(u— 2— -1 —u? -2
/1 f (————-——-————l (u 1))~2(u—1)a'u=2/—( u) (u )a’u::Z/—u + 3u du
l-l—f u u

22/(—u+3——)du-——u +6u —4Inul+C

— (14 V7)) +6(1+JF) —4In(1+J7) +C
=—1-2/x—x+6+6/x—4ln(1+/x)+C=—x+4/x+5—4In(1+/x)+C.

+C.

1
48.Letu=1—ﬁ,sodu:—i—fdxanddx=—2ﬁdu.Thenﬁ=l—uanddx=—2(1—u)du,so
x
- -1 2. 2
/1+ﬁdx= _2/(u 2) (u )du=—2/u 3u + du
1—./x u u

2
:—2/(u—3+;)du=-—2(%u2—3u+21n|u|)+C:6u—u2—4ln|u|—|—C

=6(1= %) = (1—+%)7 —4In(1 - Jx) +C.

49. [ = [v*(1 - 0)dv. Letu =1—v,s0du = —dv. Also, 1 —u = v, and so (1 — #)?> = v2. Therefore,
I ::f—-(l-—2u+u2)u6du:f—(u6—2u7+u8)du=—(%u7—lu8+lu9)+c
= =7 (3= ju+§u2) +C = =3 (1= 0)"[36 - 63 (1 — v) +28 (1 = 20 +0?)]

= —5b5 (1 — )7 [36 — 63 + 630 + 28 — 560 + 280%] = —555 (1 —v)” (2802 + 70 + 1) + C.







