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63. False. f (x) is not nonnegative on [0, 2].

64. True.

 Using Technology | page 456

1. 6.1787 2. 3.3279 3. 0.7873 4. 0.2024 5. —0.5888
6. 737,038.44 7. 2.7044 8. 0.4251 9, 3.9973 10. 0.4182
11. 46%, 24% 12. 149.14 million 13. 60,156 14. 3,761,490

Evaluating Definite Integrals

i Concept Questions | page 463

1. Approach I: We first find the indefinite integral. Let u = x> + 1, so that du = 3x%dx and or
x2dx = ddu. Then [x? (33 +1)%dx =4 [ du =43+ C =} (x*+1)> + C. Therefore,
i
k@) ax=4(2+0)| =de-n=1
Approach II: Transform the definite integral in x into an integral in u: Let u = x> + 1, so that du = 3x2 dx and
x?dx = 4 du. Next, find the limits of integration with respect to . If x = 0, thenu = 0° + 1 = l and if x = 1,

2
then # = 1> 4 1 = 2, Therefore, fol x2 (3 + 1)2 dx = %flz utdu = Lu? = se-1n=12

2. See the definition and interpretation on pages 447 and 448 of the text.

page 463

1.Letw =x2 —1,s0du = 2xdx and x dx = %du. Ifx =0,thenu = —1 and if x = 2,thenu = 3, so

3
2 x x2—13dX=lfu3du=lu4 18y —-L@=10.
0 2 J-1 g4, T3 3

2. Letu = 2x3 — 1, s0du = 6x2dx and x2 dx = %a’u. Ifx =0,thenu = —1 andifx = 1, thenu = 1, so

1 4 1 1
Jo ¥ (2% =1) dx =g [ utdu = %”5}_1 =3~ (“%) =75

3. Letu =5x2+4,s0du = 10xdx and x dx = %du. Ifx =0,theny =4andifx = 1,thenw = 9, so

9
Jo x VBT Ads = g [[ulPdu = f5u = 5 QD) = 5 ®) = .

4. Letw = 3x%2 —2,s0du = 6xdx and x dx = %du. Ifx = 1,then u = 1 and if x = 3, then u = 25, s0

25
flax«/3x2 —2dx = %flzs w2 gy = %u3/2'1 = §(125) - % )= %‘1.

5.Letu = x> + 1, s0 du = 3x2dx and x2 dx = %du. Ifx =0,thenu = 1 and ifx = 2,thenuy = 9, so

9
ﬁ)zxz (x3_|_ 1)3/2 dr = %f19 W32 dy = %us/zl —
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6. Letu =2x —1,s0du = 2dx and dx = %du. Ifx =1,thenu = landifx = Sthenu =9, so

9
5 9
J@x=0%dx =1 [Puau= 3P| =4 @187 - § (1) = 2,

7. Letu =2x + 1,50 du = 2dx and dx = %du. Ifx =0,theny = 1 and if x

/1 1 dx 1731 p 1/3 S g, u‘/2|3 i1
e — = e — QU = — U = foud -1,
0 V2x+1 2/ Ju 2/ 1

1then u = 3, so

8 Letw =x2+5,s0du = 2xdx and x dx = -;—du. Ifx =0,theny = 5andifx = 2,thenu = 9, so

2 5 1 7% du 9
SN Y P Y
/0 x2+5 2Js Ju E

9, Letw =2x —1,s0du = 2dx and dx = %du. Ifx =1,theny = 1andifx = 3, then u = 3, so

5
f13 @x —*dx =4 15u4du: -l%us‘] = G125-1) = 1552,

10. Let w = x2 + 4x — 8,50 du = (@x +4)dx. fx = 1 theny = —3 and ifx = 2, then ¥ = 4, so
2 3 4 4
Ji@x+4)(x2+4x—8) dx = [uddu= ;11-u4’_3 =—}T(256)—%(81)= 2

11 Letu = x° + 1, s0du = 3x’dx and x’dx = Ldu. If x = =1, thenu = O and if x = 1, then u = 2, so

i 4 2 2
L3P+ 1) dx = %fo wdu = %usyo =—%.

12. Let u = x* +3x, so du = (4x> +3)dx = 4(x3 + %) dx and

-1
dx = %(x3+%) du. Ifx = 1, thenu = 4 and if x = 2, then u = 22, so

2 3 -2 1% 1
Iz 4 = 24y = ——
/1 (x +4) (x +3x) dx 4/4 u“du ”

13.Letu =x—1,s0du = dx., If x = 1,thenu = Oand ifx = S,Vthenu = 4, so
4
flsx«/x —ldx = f(f 4+ Du'?du = f04 (113/2 + ul/z) du = (%u5/2 + %u3/2)}0 = % (32) + % 8) = %

2 L1 _ 24119
4 88 16 176 176

14 Letu=x+1,s0x =u—landdu =dx. Ifx = 1, thenu =2 and ifx = 4, thenu = 5, s0
5
f;‘x«/x Fldx = fzs (u—1)Judu= f25 W32 —u?) du = (%145/2 - %u3/2)‘2 = [1—25-”3/2(311 "5)]
:3—5(5o¢§—2ﬁ).

5
2

15. Let u = x2, sodu = 2x dx and x dx = %du. Ifx =0,theny =0andif x = 2, thenu = 4, so

2
f02 2xe* dx = f04e“ du=e'|f=e*—1.

16. Letu = —x,s0du = —dx anddx = —du, If x = 0,thenu = O andifx = 1, thenuv = -1, s0
fol e dx = —fo_l e'du = —-e"la1 =—el141=1- é

1
17. f) (€ +x2+1)dx = (%e2x+%x3+x)'0 = (%ez-l-%—t-l) ~l=1+

an

18. [f (' —eT)dt = (! +e™)g= (2 +e )~ (1 + D=2 te2 2.
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2
19. Putu = x2 + 1, so du = 2x dx and x dx = %du. Then f_ll xeX gy = % 22 e'du = %eu , = 0 because the

upper and lower limits are equal.

1
20. Let u = /x,s0du = —=dx. Ifx = l,thenu = 1, and if x = 4, thenu = 2, so

2Vx

e\/_ 2 2
dx —2/ e¥du = 2e"|7=2(e*—e) =2e(e—1).
. «/3‘- I] ( ) ( )

21. Letu = x —2,s0du = dx. If x = 3,thenuy = land if x = 6, thenu = 4, so

6 4

1 d

/ dx:/ 2 =4
3 X =2 1 U

22. Letu = 1 +2x2, sodu = 4x dx and x dx = %du. Ifx =0,theny = landifx = 1, thenu = 3, so

1

x 3 du

% dx=- = lin l = Lin3,

A1+2x2x 4w ful], = 41n

23. Letu = x> + 3x% — 1,50 du = (3x% + 6x) dx =3 (2 + 2x) dx. If x = 1, thenw = 3, and if x = 2, then u = 19,

2 L2 ' 19
X+ 2x 1 du 9
S°/1 m‘“:é‘é o Fina," =4 (019 - 1n3).

1 X
° 1+e
24./0 T+e xdx—ln(1+ex)lo_ln(1+e) n2=In !
2 1
25./ (462”— ;) du = 26 lnu|l 2e —]n2) (2@2 —O) :234—262 —1In2.
1
26. f1 (1+ + e )dx: (x+lnx-|-ex)|%= (2+1n2+ez)—(1+e)=1+1n2+e2_e.

27. [7 (2e7% —x72) dx

N —

2
(e + D) = (—det+ 1) - (bt 1) =—de S+ fet -

= % (et —eB—1).

28. Letw = Inx,soduy = ~dx. If x = 1, thenuy = Oand ifx = 2, then ¥ = In2, so

1
X

2lax In2 n2
/ — dx —/ udu = %uz' = % (In2)°.
X 0 0

29. A= [2 (3% =2 +2)dx = (%"3‘)‘2”)‘)‘: =(t-are) - (a-1-2)=e
30. 4= [y (x*+x)dx = (%x“—f— %"2)[

2 2 1 2
31. 4 / ax /x“za’x = ——
1 *

32. 4= f03 (2+«/x+ 1) dx :f032a’x+f03 /% + 1dx. Letu = x + 1 in the second integral, so du = dx. If x =0,
4
then u = 1 and if x = 3, then u = 4. Thus, 4 = 2x[3 + [} u!2 du = 6 + (%u3/2)'1 =6+308-1=
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34.
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37,

38.
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40.
41.

42,
43.
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45,

46.

47.

6.5 EVALUATING DEFINITE INTEGRALS
A= le e dx = -—2e"‘/2|2_1 =-2(e"! —e!?) =2 (/e —1/e).
: ; 2 1 [?Inx 1 22 _ 1 2 21_ 1 2
Therequiredareais 4 = | f(x)dx = il dx = 3 (Inx) |1 =3 [(ln 2)*—(n1) ] = g (In2)~.
1 1

2
The average value is % foz 2x +3)dx = % (xz + 3x)‘0 = % (10) = 5.

The average value is

S

A P eyde = [f@—x)dx =1 [P 8 —x)dx = %(Sx—%xz)ll =§[(32——8)— (8—%)] =1

3
The average value is § [ (2x2 —3)dx = 1 (%x3 - 3x)'

puy

The average value is fiz (4-x¥dx =1 (4x - %x3)li2 =1 [(12 -9) — (—8 + %)] =3

The average value is

sl 3y =1
The average value is 5 [, x > dx = 5 - 7%

The average value is } fg‘ @2x +D2dx = (%) (%) (%) (2x + 1)3/2,: =5@7-H=1

4
The average value is 715 fi e ™ dx = —Le™ 0= —1™* =1 =L (1-e*) =~ 0245
Th 1 o 1 g2 xzd_1x22_14 1
e average value is 5 [j xe* dx = 2° = 1 (e =1).

1 [? 2
The average value is -2—/0 ;—C—:)_C—I = %ln (x+ l)l0 = %ln3,

4
The distance traveled is fj' 3rv16 = 7 dr =3 (1) (3) (16— 2)*?| =64

The amount of oil that the well can be expected to yield is

3 2 5 2
6001 . .

=600 | ———dr+ (50§ = 600 (1) In (1 +32)| +2
/) (,3+32+5)dt o/0 g dr+ Gl = 600 (3)1n (P +32)[ +25

=200 (In 157 — In32) + 25 =~ 343, or 343 thousand barrels.

2. (1.2 172 ) —
The amount is flt 5° 41 di. Letu = 5t°+ 1,50 du = tdt. Then

) 1/2 3 3 3/2 s
(32 +1)"dr = [P du= §u3/2]3/2 =3®" - (3)" |~ $2.24 miltion.
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