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y . \/}\ Property 8 gives
2} 14 — 1)sf14ﬁdxs2(4— 1

or

3$L4\/;dx$6

The result of Example 8 is illustrated in Figure 17. The area under y = \/; from-1
FIGURE 17 is greater than the area of the lower rectangle and less than the area of the large rectang

B2 Exercises

1. Evaluate the Riemann sum for f(x) =3 — ix,2 < x < 14, 6. The graph of g is shown. Estimate ffz g(x) dx with six sub-
with six subintervals, taking the sample points to be left end- intervals using (a) right endpoints, (b) left endpoints, and
points. Explain, with the aid of a diagram, what the Riemann (c) midpoints.
sum represents.

2. I f(x) = x* — 2x, 0 = x < 3, evaluate the Riemann sum with
" n = 6, taking the sample points to be right endpoints. What i
does the Riemann sum represent? [lustrate with a diagram.

3. Iff(x) = v/x — 2,1 = x < 6, find the Riemann sum with 1
n = 5 correct to six decimal places, taking the sample points to
be midpoints. What does the Riemann sum represent? Illustrate
with a diagram.

4. (a) Find the Riemann sum for f(x) = sin x, 0 < x < 37/2,

with six terms, taking the sample points to be right end- 7. A table of values of an increasing function f is shown. Use
points. (Give your answer correct to six decimal places.) table to find lower and upper estimates for fozsf (x) dx.
Explain what the Riemann sum represents with the aid of a
sketch.
(b) Repeat part (a) with midpoints as the sample points. * 0 3 10 15 20
f(x) —42 -37 -25 —6 15

5. The graph of a function f is given. Estimate Omf (x) dx using

five subintervals with (a) right endpoints, (b) left endpoints,
and (c) midpoints. 8. The table gives the values of a function obtained from an

experiment. Use them to estimate [, f(x) dx using three eq
subintervals with (a) right endpoints, (b) left endpoints; an

y . . L . .
(c) midpoints. If the function is known to be an increasing
function, can you say whether your estimates are less than.

| \ greater than the exact value of the integral?
0 1
/ x 3 4 5 6 7 8
fx) -34 | =21 | —0.6 0.3 0.9 1.4
@ Computer algebra system required 1. Homework Hints available at stewartcalculus.com



g-12 Use the Midpoint Rule with the given value of n to approxi-
iate the integral. Round the answer to four decimal places.

9, jg sin\/;dx, n=4 10. joﬂ/z cos*xdx, n=4
o

2 X
d =35
11.0x+1X,n

S

12. j‘:\/x‘ +1dx, n=6

13. Tf you have a CAS that evaluates midpoint approximations
and graphs the corresponding rectangles (use RiemannSum
or middlesum and middlebox commands in Maple),
check the answer to Exercise 11 and illustrate with a graph.
Then repeat with n = 10 and n = 20.

. With a programmable calculator or computer (see the
instructions for Exercise 9 in Section 4.1), compute the left
and right Riemann sums for the function f x)=x/(x+ 1
on the interval [0, 2] with n = 100. Explain why these esti-
mates show that

X

dx < 0.9081

2
0.8946 < jo —

- Use a calculator or computer to make a table of values of
right Riemann sums R, for the integral [ sin x dx with
n =5, 10, 50, and 100. What value do these numbers appear
to be approaching?

. Use a calculator or computer to make a table of values of
left and right Riemann sums L, and R, for the integral
joz J1 + x* dx withn = 5, 10, 50, and 100. Between what two
aumbers must the value of the integral lie? Can you make a
similar statement for the integral ﬁl J1 + x* dx? Explain.

17-20 Express the limit as a definite integral on the given
interval.

2

51— x;
17. 1i —A 2,6
nﬂ,-:214+ 7 Ax, [2,6]

n

18 lim 3 <2 Ax, [, 2]

o ) X

19. lim D, [5(x¥)° — 4xF]1Ax, [2,7]

00
neroe

n x?k
2. lim >, ———Ax, [1,3
'H‘”Z:l (xF)? + 4 x, [1,3]

21-25 Use the form of the definition of the integral given in
Theorem 4 to evaluate the integral.

2. f‘ (1 + 3x) dx 2. f (x? + 2x — 5) dx

5 j':(xz + x)dx

2 [02 (2x — x*)dx

25, Ll (x* — 3x%) dx

—
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. (a) Find an approximation to the integral i (x* = 3x) dx
using a Riemann sum with right endpoints and n = 8.
(b) Draw a diagram like Figure 3 to illustrate the approxi-
mation in part (a).
(c) Use Theorem 4 to evaluate f (x* = 30) dx.
(d) Interpret the integral in part (c) as a difference of areas
and illustrate with a diagram like Figure 4.

bZ_aZ

. Prove that j'b xdx = 5

b3 _‘&3

28. Prove that Jb xtdx = 3

29-30 Express the integral as a limit of Riemann sums. Do not
evaluate the limit.

29, L‘ X dx

T o 30. jozwxz sin x dx

[cAs] 31-32 Express the integral as a limit of sums. Then evaluate,

using a computer algebra system to find both the sum and the
limit.

3. Lﬂ sin 5x dx 32, meﬁ dx

33. The graph of f is shown. Evaluate each integral by inter-
preting it in terms of areas.

@ [ f()dx b) [ fx)dx

© [ e dx @ [0 dx

—

34. The graph of g consists of two straight lines and a semi-
circle. Use it to evaluate each integral.

@ [gax @) [ gdx

v
M N
] W)

4 ——

7

© [ g0 dx

B —
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35-40 Evaluate the integral by interpreting it in terms of areas. 52. If F(x) = f; F(#) dt, where fis the function whose graph is
) 5/ ‘ given, which of the following values is largest?
% [° (1~ xax 3. [ (Gx —2)dx (A) F(0) ®) F(1)
0 (©) F(2) (D) F(3)
31, L(1 + 0 = x7) dx 38, j V25 = x7) dx (B) F(4)
2 10 y
3. | |x]ax 0. [°x - 5|dx
y=f
41. Evaluate L:T sin?x cos*x dx. 0 1 i
42. Given that [ 3x/x? + 4 dx = 5/5 — 8, what is
[ 3uu+ 4 au?
43. In Example 2 in Section 4.1 we showed that |} x* dx = 3 5. g}iCh Of.thﬁ reglons?)Ai:}iBn, dalt]}? C\";zzri)dfed by the graph of fan
Use this fact and the properties of integrals to evaluate Fraxts has area 5. ©
' (5 — 6x%) dx.
Jo (€ ) f [£(x) + 2x + 5]dx
44. Use the properties of integrals and the result of Example 3 to -4

45,

46.

47,

48.

48,

50.

51.

evaluate 5 (1 + 3x*) dx.

Use the results of Exercises 27 and 28 and the properties of
integrals to evaluate [} (2x> — 3x + 1) dx.

Use the result of Exercise 27 and the fact that f(;’/ *cosxdx =1
(from Exercise 29 in Section 4.1), together with the properties
of integrals, to evaluate f"/ *(2 cos x — 5x) dx.

54. Suppose f has absolute minimum value m and absolute ma
imum value M. Between what two values must [ f(x) dx

j ? Fx) dx + f > Fx)dx — J‘ -t F(x) dx lie? Which property of integrals allows you to make your
2 2 -2 conclusion?

Write as a single integral in the form f: f(x) dx:

5 — 5 J— 4
It f 1 /(%) dx =12 and L f(x)dx = 3.6, find f 1/ (x) dx. 55-58 Use the properties of integrals to verify the mequahty W
If f(ff(x) dx = 37 andj g(x) dx = 16, find out evaluating the integrals.
9
I [2f () + 3g(0)] dx. 55, f: (x> — 4x +4)dx =0
Find { f(x) dx if ‘
3 for x <3 86. | VI +x?dx= [ VI+xdx
o) = x forx=3 1
Zsf I+ x2de=22

For the function f whose graph is shown, list the following -

quantities in increasing order, from smallest to largest, and

explain your reasoning. 58, V2w <= J‘ " os x dx < @T_
(A) [ f(x) dx (B) J; () dx 24 24
©) [} f(x) dx (D) [ f(x) dx
(B) f'(1) 59-64 Use Property 8 to estimate the value of the integral.
y 4 1
59. Jl \/;dx 60. X T::—dx
2 \ 61. r;/; tan x dx 62. f: (x*—3x+3)dx

0 5 X 63. ﬂl V1 -+ x*dx 64. fh (x — 2sinx) dx




