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5.5 | EXERCISES

and so Equation 8 becomes

'.U f(x)dx = ‘.”f(—u) du + \.“f(vx) dx

J=u Jo

8]

(a) If f is even, then f(—u) = f(u) so Equation 9 gives

[ fode=["f)du+ [ fdx =2 [ f@dx

Jo O J

(b) If f is odd, then f(—u) = —f(u) and so Equation 9 gives

’j[‘f(x) dx = — ‘:f(u) du + ‘(:'f(.\') dx =0 i

Theorem 7 is illustrated by Figure 4. For the case where f is positive and even, part(§
says that the area under y = f(x) from —a to a is twice the area from 0 to a because
symmetry. Recall that an integral f:f(x) dx can be expressed as the area above the x-ai
and below y = f(x) minus the area below the axis and above the curve. Thus part (b) say
the integral is O because the areas cancel. ‘

EXAMPLE 10 Since f(x) = x° + | satisfies f(—x) = f(x), it is even and so

I (¢ + 1)dx=2 |‘ (x® + 1) dx

=

= 2[%.\" + .r]: =2 +2)=%

EXAMPLE 11 Since f(x) = (tan x)/(1 + 2 + x*) satisfies f(—x) = —f(x), itis odd -
and so :

. ‘[a ‘r
. ‘.]. B __dx=0

1 + x*+ x*

7-46 Evaluate the indefinite integral.

d I-6 Evaluate the integral by making the given substitution.
' 1. | e*dx, u=—x 7. 1 x sin(x?) dx 8 |x (x* + 5)° dx
& 2. . x'-'(Z *= .YJ)S dx, u= 2+ _Xq 9. '. (3.‘ — 2)2U dx 10 ' (3f 4+ 2)2-< dt

[3] ’ x2Jx3+ 1ldx, u= x + 1

4 o[22 u=1-6

3 ’ ' (1 —6n" ‘T !
[}

:.L 5. ‘ cos’6 sinfdf, u = cos@
- sec?(1/x

i 6. ‘ —k‘(-:/—)(l.\'. u=1/x

I. ‘ (x + l)\f’lr + x2 dx 12 ‘ = — dx
! J (x° + 1)-
- dx .
[13.] ‘ 5 — 37 14, ‘ e'sin(e*) dx
15. | sin 7t dt 16. | dx
v J x4+ 1

a + bx*

17. [ ———==xdx 18. | sec26 tan26d6

J 3ax + bx? J




- (In x)? +dx
b (19. X 20. # 0)
E‘ X dx ‘ ax+ b e
» 008 T 5 )
1. [ =¥ ar 2. [ Jx sin(l + x¥?) dx
- J Ji J
2. [ cos 6 sin’6 d6 24, { (1 + tan6)° sec’6 df
'@‘46‘\'1 + e dx 26. ‘e“”"sintdr
i r z* » tan~'x
b1, | s—dz 28. | —dx
. J ;] + 73 J 1+x°
g ¢ ; ~ sin(ln x)
29, [ e secixdx 30. | —l(Tr—dx
R 3l ~ C?S,X dx 32. ‘ ‘e’ dx
J sin“x Jet+1
1 ¢ — 5 » cos(7/x)
L B3] | cotx esc’xdx 34. | %;/-d.x
9 + sin2x +  sinx
P 35, [ ———-dx 36, | ———-dx
J 1+ cosx | + cosx
37. [ cotxdx 38, [ ———
b 37. | cotxdx 3w gy
(.
. 39, ‘ sec’x tan x dx 40. ‘ sin t sec*(cos t) dt
d r dx FoX
] N 42. dx
i & ‘ J1 — x? sin”'x ‘ 1+ x* !
1 r 1+ x coox
B (43, 44, | ————dx
i qu 1+ x? o ‘ JI =%
oy . -
85, | ——dx 46. | x*x? + ldx
J IYx+ 2 J

47-50 Evaluate the indefinite integral. Tllustrate and check that
your answer is reasonable by graphing both the function and its
antiderivative (take C = 0).

N , : - siny/x
47. | x(x*— 1)y dx ‘ ﬁ dx
J NE:
E 49, \ sin’x cos x dx 50. \ tan*f sec’f do
-
51-70 Evaluate the definite integral.
| 51 "1 (x — 1)¥ dx 52. ‘T J4 + 3x dx
JO Jo
53. [ x(1 +2x) dx 54. ' xcos(x?) dx
Jo . Jo
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55. ‘(” sec’(t/4) dt 56. \.yli’.: csc 7t cot 't dt
Jo J1/6
57. (7 tan’gdf 58. [ xe™dx
—m/6 Jo
— r2e'” cm2 XS
59 [* 5 dx 60. [ I ax
Ji x* J=m2 1 + x
il [P 62. [ cos x sin(sin x) d
; —_— : cos x sin(sin x) dx
Jo Y1 + 2x)? Jo :
63 ‘Q('.\'\r".rl-“a:d\ (a>0) 64, ‘“\\a-— x? dx
) 0
2 4 X
65. | xy/x— ldx 66. | dx
J 0 1 + 2x
: ¢ dx 12 sin”'x
67 | — 68. | — dx
x+/1n x 0 o/1=x*
e+ 1 T2
69, | ——dz 70. | sinQmt/T — o) dt
0 e T2 Jo

P4 71-72 Use a graph to give a rough estimate of the area of the
region that lies under the given curve. Then find the exact area.

71.

72.

73.

74.

5.

76.

/
y=4+/2x + 1, 0=sx=1
y = 2sin x — sin 2x, o<x=smw

Evaluate |, (x + 3)4/4 — x? dx by writing it as a sum of

two integrals and interpreting one of those integrals in terms o ’l
of an area. o
Evaluate [ x+/1 — x* dx by making a substitution and inter- *x
preting the resulting integral in terms of an area. |

. ~ » - -t
Which of the following areas are equal? Why? 4]

18

A model for the basal metabolism rate, in kcal/h, of a young
man is R() = 85 — 0.18 cos(7rt/12), where t is the time in
hours measured from 5:00 AM. What is the total basal metab-
olism of this man, j}f“ R(1) dt, over a 24-hour time period?
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77. An oil storage tank ruptures at time 1 = 0 and oil leaks from
the tank at a rate of r(r) = 100" liters per minute. How
much oil leaks out during the first hour?

78. A bacteria population starts with 400 bacteria and grows at a
rate of #(1) = (450.268)e"'**" bacteria per hour. How many
bacteria will there be after three hours?

79. Breathing is cyclic and a full respiratory cycle from the
beginning of inhalation to the end of exhalation takes about 5 s.
The maximum rate of air flow into the lungs is about 0.5 L/s.
This explains, in part, why the function f(t) = 1 sin(27rt/5) has
often been used to model the rate of air flow into the lungs.
Use this model to find the volume of inhaled air in the lungs at

time 1.

80. Alabama Instruments Company has set up a production line to
manufacture a new calculator. The rate of production of these
calculators after 1 weeks is

%\{— = 5000(1 = Tz_—l—‘O(l)_())_) calculators/week
(Notice that production approaches 5000 per week as time goes
on, but the initial production is lower because of the workers’
unfamiliarity with the new techniques.) Find the number of cal-
culators produced from the beginning of the third week to the
end of the fourth week.

8L If f is continuous and {U‘f(x) dx = 10, find ,‘f £(2x) dx.
o JO

82. If f is continuous and ;‘("fm dx = 4, find yo‘ xf(x?) dx.

— 5 REVIEW

CONCEPT CHECK

I. (a) Write an expression for a Riemann sum of a function f.
Explain the meaning of the notation that you use.
(b) If f(x) = 0, what is the geometric interpretation of a
Riemann sum? Illustrate with a diagram.
(c) If f(x) takes on both positive and negative values, what is
the geometric interpretation of a Riemann sum? Illustrate
with a diagram.

2. (a) Write the definition of the definite integral of a function
from a to b.
(b) What is the geometric interpretation of [? f(x) dx if
f(x) =07
(c) What is the geometric interpretation off{f’f(x) dx if f(x)
takes on both positive and negative values? Illustrate with a
diagram.

3. State both parts of the Fundamental Theorem of Calculus.

4. (a) State the Net Change Theorem.

83. If f is continuous on R, prove that L TRL

(" f(=x) dx = [ () dx

Ja

For the case where f(x) =0and0 <a < b, draw a diagram

to interpret this equation geometrically as an equality of areas. | Rl
84. If f is continuous on R, prove that ‘ 1
’l’f(_r +c)dx = ’l"‘f(,t') dx :
Ja Juti 2.
For the case where f(x) = 0, draw a diagram to interpret this
equation geometrically as an equality of areas. 4
[85.] If @ and b are positive numbers, show that b
o , o B 3.
| xe(1 - x)'dx = | x*(1 — x)dx 1
JO JO
86. If f is continuous on [0, 7], use the substitution u = 7 — X 10 b
show that b
' . 4.
jo xf(sin x) dx = = J“ f(sin x) dx
87. Use Exercise 86 to evaluate the integral
. 5.
s X SIDX
Jo 1 + cos’x :
88. (a) If f is continuous, prove that 1
[ f(cos x) dx = | "2 f(sin x) dx 6.
JO J0
(b) Use part (a) to evaluate Lf cos“x dx and |,' sin’x dx.
‘.A E
B
(b) If r(z) is the rate at which water flows into a reservoir, what ‘

does [ r(r) dt represent?

5. Suppose a particle moves back and forth along a straight line
with velocity (f), measured in feet per second, and accelera-
tion a(r). )

(a) What is the meaning of [oa0p(2) dt? ,‘

(b) What is the meaning of fo| (o) | dr?

(c) What is the meaning of J}"én a(t) dt? 1

[}

6. (a) Explain the meaning of the indefinite integral ff(.\') dx.
(b) What is the connection between the definite integral
{? f(x) dx and the indefinite integral | f(x) dx?

7. Explain exactly what is meant by the statement that “differen-
tiation and integration are inverse processes.”

8. State the Substitution Rule. In practice, how do you use it?




