Math 4 Honors												Name ________________________________
Lesson 8-3: The Definite Integral 							Date _______________________________

Learning Goals:
· I can find and interpret the meaning of the definite integral of a function f(x) over an interval [a, b].
· I can find approximate and exact values of definite integrals.
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***Very important!  Please read this carefully!***
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a. Evaluate the definite integral and explain what 
the results tell about the walker’s distance
[image: ]from the motion detector.
			




b. 	What is the total area between the graph of v(t) and the t-axis and what information about the walker’s trip is given by that number?
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6.	Our calculators have multiple ways of calculating an integral.  Here’s one way:
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	***Check your answers to parts a, b, and c from #5 to see how accurate your estimates are.
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HOMEWORK:  Lesson 8-3
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@ When the graph of a function () is made up of familiar geometric shapes, you can use your
Imowledge about the areas of shapes involved to find exact values of definite integrals for 7).
‘For example, suppose that the following (time, velocity) graph models the way someone walked
toward and away from a motion detector.
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@ When the rate o change function s defined by an algebraic rle with a curved graph, thete are
‘many useful procedures for making good estimates of the definie itegral. For example, the
diagram below shows the graph of Ax) =~ + 2x + 4 on the interval [0, 3.5). Six rectangles
have been drawn to make a rough estimate of [ £(¢)
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1 2 3

a. The total area of the six rectangles can be estimated as 4 4(0.5) + 4.9(05) + 4.9(05) +
44(05)+34(05) +19(0.5) = 1195 What do the separate terms in the sum represent and
Tow are they determined by the function rule for f(x)?

b. Do you think that the approximation of 11 95 is larger than, smaller than, or exactly equal to
e value of the itegral | (x) dx? Explain your easoning

. How could you refine the general strategy to get a more accurate approximation for the
definite integral? Try your idea and compare the result o the first estimate of 11.95.
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@ The next diagram shows a eraph of the function A(x) = —; on the interval [0, 5]
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Outine  stategy for estimating [ (x) d and then use tha sategy.

. Record the calculations required by your strategy and the approximation that results.

b. Explain why you think your estimate is greater than, less than, or exactly equal to the value
of the integral of A(x) from 0 to 5.

. Explain how you would proceed if it were necessary to find  better approximation.
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@ The next diagram shows a eraph of the function g(x) = 13 ~ 4x.

kS

Use an approximation strategy with A = 0.5 to estimate values for these definite integrals.
a [Lewa
b [ewar

e [ewa
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@ The function (x) = 30 - 0.1+2 describes the parabolic church arches in Applications Task 3
. Wit the definite inegral that will provide the area of the window in that arch.

b. Use a calculator or computer tool to evaluate the integral in Part 2 and compare the result to
‘your approximation in Task 3.
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@ Shown here is a graph of the function f(x) = 6 — 2
a. WAll [ ) d be larger or smaller than
17766 de 2 How can you decide without
evaluating either integral?
b Will |© /(3) e ‘be larger or smaler than

! £62 de  How can you decide withont
evaluating either integral?
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@ Now consider the problem of finding the area of a circle using ideas of caleulus.

‘What is the equation for a circle of radius 1 and center (0,02
‘Use the equation from Part  to find the rule for a function s(x) whose graph is the upper half
of the unit circle.

Use the function from Part b to write a definite integral that gives the area of the upper half
of the unit circle.

Use a caleulator or computer integration tool to evaluate the integral from Part ¢ and
‘compare the result to what your knowledge of the area formula for circles predicts. See if
‘you can explain any differences
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@ The following diagrams show two steps in finding an approximation for | /(x) d -
Diagram | Diagram Il
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2. Which diagram will lead to the more accurate approximation? Why?
b. What next step would lead to an even more accurate approximation?

©. What would it mean to say that [" /() d is the limit of approximations that are sums of
terms in the form f(x)Ax as Ax — 07
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@ n this lesson, you estimated area between curves and the x-axis by covering the region with
rectangles. Another method for approximating such areas uses trapezoids as shown in the next

),

o 1 2 3 4 5 6
a Bhnm:j:/u)dx by finding the areas of the indicated trapezoids.

b. Compare the trapezoidal estimate for area to one obtained by using an approximation
‘method that uses five rectangles with Av=1.

. Compare the trapezoidal estimate for area to one obtained by use of a calculator or computer
integration tool
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1f you look back at the problems of Investigations 1 and 2, you will see an important relationship
‘etween net change in a varying quantity and the areas of regions bounded by i rate of change graph
and the x-axis. For example, the following diagram shows how to calulate change in position of a
‘person walking away from and toward a motion detector.
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To find net change in distance from the detector, it makes sense to calculate (3x 2) + (5% 6) ~ (2 x4).
On the diagram, that is equivalent to finding a difference of areas. The calculus idea that exploits this
connection to solve problems is the definite integral.
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@ Youhave seen rate functions with quite irregular graphs like that below showing rate of change
in a city water reservoir. In such cases, you have seen that it makes sense to use a step function

approximation to the irregular praph
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. Use the approximating step function shown in the graph to estimate net change in reservoir
‘volume for the 10-month period. Record the calculations used to produce that estimate.
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‘The key point illustrated in the two preceding examples is that the net change in a quantity can be
calculated using the graph of ts rate of change function to find the difference:

(area of regions above the x~axis) ~ (area of regions below the x-axis)
‘Fora function /(x) defined over an interval [a, 6], this difference of areas is called the definite
integral of fix) from a to b
‘The diagram at the right illustrates the general
strategy used to estimate definite integrals:

(1) The interval from a to b s divided into ¥
smaller intervals of length Av.

(@) In cach subinterval, you choose a point x
S0 that f(r) i representative of the
function on that interval. /

(3) Then calculate the product f)Av o N 7~
corresponding to the area (positive or <D
negative) of a rectangle above or below
the r-axis.

(#) Approximate the ntegral from a to & by
summing the various f(D)AY products

‘The definite integral of () from a to b i commonly indicated by the notation

1! s as

“This notation for the definite integral is a eminder of the process by which integrals can be
approximated—with a sum of products in the form f(V)Ax that represent areas of rectangles. The
symbol ] is like an clongated “S™ for “sum.”
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