AP Calculus BC
Lesson 8.7 Approximate Integration (Left, Right,ddoint, Trapezoid Rules)

1. (a) Write a Riemann Sum formula that will castelthe right sum for any continuous
functionf, defined on§,b].

(b) Write a Riemann Sum formula that will calcul#te left sum for any continuous
functionf, defined on§,b].

(c) Write a Riemann Sum formula that will calcul#te midpoint sum for any continuous
functionf, defined on§,b].

(d) Write a Riemann Sum formula that will calcul#te trapezoidal sum for any
continuous functiom, defined on4,b].

(e) Use your formulae from above with= 4 to approximatej':\/1+ xdx.

() For the data given in the table below, usetthpezoidal sum with = 7 to approximate
the area under the functidnfrom 1 to 8.

X 1 2 3 4 5 6 7 8
f(x) |5.6 -1.4 | 5.8 112 | 125| 6.3 4.1 0




2. Use a left sum, a right sum, the trapezoida amd the midpoint rule with= 20 to find
approximating sums for:

(a) | e (b) [ Vi+xidx

(c) J';(xz —4x) dx.

3. Suppose thdtis monotone on [a,b], and letl = J': f(x)dx. Then:

|I—R1|s|f(b)—f(a)|db;—a);
|I—Ln|s|f(b)—f(a)|E-§b;—a);

Why?

For each sum, find an upper bound on the errdrarapproximation.

€) j;(x2 +4x+ 3)dx; use left sums with = 25.

(b) J.:zsin(x) o&; use right sums with = 25.

4. Letl= J'Ol f (x)dx and suppose théis decreasing on [0,1] such ttigd) = 7 and(1) = 4 and
L, =5.317Z

(@) DoesL,, underestimaté&? Justify your answer.
(b)  Find an upper bound gh-Ly|.
(© EvaluateR.



5.

(a) Use the diagram below to explain why tliedeor bound is valid:

I —Ln|5—K1(b_a)2
2

where| f '(x)| < K, on [a,b].
_Left ruleerror over one subdivision

¥
&
[ .Sx" > = ,,
h e Slope = &,
!

(b) Use this error bound to estimate the errarsimg eitherL,, or R, to estimate the

following integrals. Finally check to see that #reor estimate works by actually
calculating the approximations and the actual valuée integral.

j;sin(x)dx

[0 - ayax

(c) Estimate the maximum amount of error that daabult from usind, or R, to
estimate the following integrals.

3
J' e dx
0

5 _.
_[0 esm(x)dx



6. On page 557 of your text are upper bounds oerttoe for both the midpoint and trapezoid
sums. These are:

3
For Midpoint Sums: || =M | gKZ(b—Za)
24n
and
3
For Trapezoid Sums{l —T,| gw
12n

where K, 2| f "(x)| for all x on [a,b]

Notice that both the trapezoid sum and midpoint sums commit no error if the functionfis
linear. (Why does thiswork for midpoint as well as trapezoid?) Hence, the error must be a
function of the second derivative. It isthe concavity that causesthe error in these sums.

Estimate the error involved in computing the follovintegrals with the trapezoid sum and
the midpoint sum witim = 100 using error analysis for each of the follogvi

(8) [ sin(x)ax
(b) | e

(c) J'le 1+ xdx

7. Find a value o for the trapezoid sum and a valuendbr the midpoint sum that will give
approximations accurate to the nearest thousand#éeath of the following:

€)) J'Zscos(x):ix
(b) | e
(c) fe‘xzdx

(@) [ Vi+2xax



