' 4.3 Exercises

2f(x)=y)—c, y=0, x=0, x=1

‘(Hint: Letc; = F)

, evaluate the definite integral by the limit definition.

6 3
J’ 8 dx 4. J x dx
-2

4
x3dx 6. J- 4x% dx
1

1
8. f (22 + 3) dx
-2

write the limit as a definite integral on the interval [a, b], where
2is any point in the ith subinterval.

Interval

[-1,5]

- Limit
lim S (3¢; + 10) Ax,
lAf—0 izl

lim Y 6c,(4 —¢)*Ax; [0,4]
lall-0 /=1

lim Y /c? + 4Ax [0, 3]

lal—0 /=1

n 3 ’
lim — | Ax;, L3
T, 2, (cﬁ) K [L.3]
riting a Definite Integral In Exercises 1322, set up a
nite integral that yields the area of the region. (Do not
cvaluate the integral.)

fx)=5 14. f(x) = 6 — 3x
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see CalcChat.com for tutorial help and worked-out solutions to odd-numbered exercises.

15. f(x) = 4 — |a] 16. f(x) = x2
y y
8- 4+
61 3+
4 2+
2:\ 1+
—t — f o x
-4 -2 2 4 -1 1 2 3
17. f() = 25 — 22 18, () = o
y

19. f(x) = cosx

=

y y
1= 1
} T } } X
T T T n
4 2 4 2
21. g(y) = »* 22. f(y) = (y — 2
y y
44 44
3+ 3+
2+ 21
1+ 1+
R S - > x
2 4 6 8 1 2 3 4

Evaluating a Definite Integral Using a Geometric
Formula - In Exercises 23-32, sketch the region whose area is
given by the definite integral. Then use a geometric formula to
evaluate the integral (@ > 0,r > 0).

3 6
23.f4dx 24.J 6 dx

0 —

4

4 8
25.fxdx ’ 26.f—dx

0 . 04
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2
27. f Gx + 4) dx
0

29. f (1 — |x]) dx

7 .
31. f V49 — x2 dx
-7

Using Properties of Definite Integrals In Exercises

Integration

3 -
28. f (8 — 2%) dx
0
30. f (a — |x]) dx
32. f rt = x%dx

33-40, evaluate the integral using the following values.

' 4
39, f (3x3 - 3x+2)ax

2

40. f (10 + 4x — 3x3) dx
2

41. Using Properties of Definite Integrals Given

5 7
f fx)dx =10 and f f&)de=3
0 5

evaluate

(a) Ef(x) dx
© [ s

@fmﬁ

(5
(@ fo 3f(x) dx.

42. Using Properties of Definite Integrals Given

3 6
f f@x)dex =4 and j fx)dx = —1
0 3

evaluate

@ L 6f (x) dx.

3
© L f&) dx.

(b) L o) dx.

6
(d) J; —5f(x) dx.

43. Using Properties of Definite Integrals Given

ff(x)dx= 10 and fg(x)dx= -2

evaluate

6
(@_L[f&)+g&ﬂdx

6
(©) J; 2g(x) dx.

w>L~ku>—fandx

@me

44.

45.

46.

47.

Using Properties of Definite Integrals Given
1 ) 1

f f&)dx=0 and Jf(x)dx=5
-1 0

evalnate

0
(a) Lf(x)dx

1
(C)J; 3 (x) dx.

@L}ww—f/mm

@ f 3f(x) dx.

Estimating a Definite Integral Use the table of valug
to find lower and upper estimates of

fo £(x) dx.

Assume that f'is a decreasing function.

32 | 24 | 12 | -4 | =20 | —36

Estimating a Definite Integral Use the table of val
to estimate

J:f(x) dx.

Use three equal subintervals and the (a) left endpoin

(b) right endpoints, and (c) midpoints. When fis an increasing;
function, how does each estimate compare with the actua
value? Explain your reasoning. '

Think About It The graph of f consists of line segme
and a semicircle, as shown in the figure. Evaluate each defin
integral by using geometric formulas.

4,2)
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T
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=4,-1
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© f 4f(x)dx (d f 4f(x)dx

ayLUW+ﬁa

@) f4 |f(x)] dx




Think About It The graph of f consists of line segments,
s shown in the figure. Evaluate each definite integral by using
eometric formulas.

3T G,2) 4,2 :
2T 11,1

I | i 1 1 ] | I} x

b o L SR B ) L L T
_/123456 g8 10 11

eyl _ T (8,-2)

. 4

® [ 3ar
11

(d L f(x) dx

10
© j £ d

). Think About It Consider the function f that is continuous
. on the interval [— 5, 5] and for which
alues

§750 0 HOW DO YOU SEE IT? Use the figure to il
in the blank with the symbol <, >, or = -. Explain '
your reasonmg '

¥y
6__
5
4_..
ol
2_-
1

a) The interval [1, 5]is partmoned into n subintervals
of equal width Ax, and x; is the left endpomt of the
ith subinterval.

2 )Ax

). The interval [1, 5] is partitioned into n subintervals
of equal width Ax, and x; is the right endpomt of the
’ ‘lth submterval

ff(xm{

5 -
[roe
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51. Think About It A function f is defined below. Use
geometric formulas to find fg Fx) dx.

x<4
x =4

4’
f&x) = { x
52. Think About It A function f is defined below. Use

geometric formulas to find f° f(x) dx.

__ |6, x>6
o) = {—%x +9, x<6

WRITING ABOUT CONCEPTS

Approximation In Exercises 53-56, determine which
value best approximates the definite integral. Make your |
selection on the basis of a sketch.

53. f4\/9_cdx

(:) 5 ®b) =3 (10 (@2 (e) 8
54. Jm 4 cos mx dx

<:> 4 ®3F ©16 @27 () —6
55. f12sin X dx

(:) 6 ®3 ©4 @3
56. J 9(1 + Vx) dx

(:) -3 ()9 (c) 27 (d) 3

57. Determining Integrability Determine whether the
function

is integrable on the interval [3, 5]. Explain.

58. Finding a Function Give an example of a function
that is integrable on the interval [—1, 1], but not continuous |

Finding Values In Exercises 59-62, find possible values of
a and b that make the statement true. If possible, use a graph
to support your answer. (There may be more than one correct
answer.)

59. L Fx) dx + J: i f(x)&x= f ’ F(x) dx
60. f3 £ dx + JS : £(x) dx — f £(x) dx = J‘: F(x) dx

b
61. f sinxdx < 0

a

b
62. f cosxdx =0

a
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Integraﬁon

True or False? In Exercises 63-68, determine whether the
statement is true or false. If it is false, explain why or give an
example that shows it is false.

63.

64.

65.

66.

[[ 170+ stoae= | Cfeyds + [ o9

| " f0se e = | ) ]| | st |

If the norm of a partition approaches zero, then the number of
subintervals approaches infinity.

If f is increasing on [a, b], then the minimum value of f(x) on
[a, b]is f(a).

The value of

ff(x)dx

must be positive.

. The value of

f i sin (x2) dx

2

is 0.

. Finding a Riemann Sum Find the Riemann sum for

f(x) = x2 4 3x over the interval [0, 8], where

%=0, x,=1, x,=3, =7 and x,=8
and where
;=1 c,=2,

c;=15, and ¢, =38.

y

2 4 6 8 10

. Finding a Riemann Sum Find the Riemann sum for

f(x) = sin x over the interval [0, 27r], where
X9 =0, , X3=m, and. x, =2,
and where

_ _m
c, = ==

m
67

b b2 — g2
. Proof Prove thatf xdx = — 5

a
b »3— a3
. Proof Prove thatf x2dx = 3

. Think About it Determine whether the Dirichlet functj

1, xisrational
flx) = ..
0, xis irrational

is integrable on the interval [0, 1]. Explain.

. Finding a Definite Integral The function
0, x=0
f(x)=yl’ O<x=<1
X

is defined on [0, 1], as shown in the figure. Show that

[ sta

does not exist. Why doesn’t this contradict Theorem 4.4?

¥

509
4.0
3.0
20
1.0

I TR R N
— x

T T T T
-05 | 05 1.0 1520

. Finding Values Find the constants a and b that maximiz
the value of

| fb (1 - ) dx.

a
Explain your reasoning.

. Step Function Evaluate, if possible, the integral

j- i [x] dx.
o

. Using a Riemann Sum Determine

lim ;15[12+22+32+- <+ n?]

n—co

by using an appropriate Riemann sum.

PUTNAM EXAM CHALLENGE

78. For each continuous function f: [0, 1] = R, let

1 1
I(f) = j ¥f(x)dx and J(x) = f x(f(x))? dx.
0 0
Find the maximum value of I(f) — J(f) over all such |§
functions f. L

This problem was composed by the Committee on the Putnam Prize Competition. - |
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