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Integral calculus studies the accumulation of units as input value
increases.”

There are many situations in which the area under the curve will give us
information about some detail related to the quantity represented by the
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 Calculating Area with Vertical Strips ‘
Idea: Divide the area into and estimate the area of each
piece with a simple shape (suchas a rectangle).

E Compute the area under y = x? on in the interval [0, 2].
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Calculating Area with Vertical Strips
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C!cmmh‘ kion Our goal is to determine a way to calculate areas that are enclosed by

—/&"‘"curved boundaries.

For a continuous functiefined ovhe area under the
graph of f(x) over the interval a < x < b and-above the x-axis can be
approximated as the sum of the areas of the smaller rectangles.
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Left /Right end-point approximation
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Practice Example

Ex: | Consider the graph of the function

on the interva . i W)

(a) Estimate the total area covered by using 1 /
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- Practice Example

)
(b) Estimate the total area covered by using rectangles.
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Limit of a Riemann Sum

What happens as the number of rectangles gets larger? Ps N increans, e
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The area A of the region S that lies under the graph of the continuous
function f is the limit of the sum of the areas of the approximating

rectangles. .
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Sigma (Summation) Notation

ﬁ% Sigma (summation))notation is a compact way to write sums of numbers

when there is a pattern in the numbers.
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Ex: | Express each of the followmg without the summation notation.
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General Case: N subintervals

E Suppose we subdivide the interval [0,2] under y = x? int@)ieces.
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- Practice Example

| Ex: | Find an expression for th that lies under the graph of

betwen as a limit. Do not evaluate the limit.
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- Practice Example
Ex: | Determine a region whose area is equal to the given limit.
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£xample

Two ways for calculatmg a Definite Integral (or Evaluating the Area under
a graph):

Prm I =
@ Area under Straight Lines (Linear Functlons) Sy Avq Jag {;owmmb,
@ Area under Curved boundaries (Non-linear Functions)

Ex: | Using the graph of the function f(x), evaluate
2
(i) J f(x) dx
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Ex: | Evalua

% using the Riemann Sum approach (as N — oo). ,
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1

4ned Area

o signed area, that is the area is positive
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Examples
Ex: | Using the graph of the function f(x), evaluate
. .
i f(x)dx = dxixl =1 ‘
() | Flxde= Laaxi=l H
4 ‘
(i) | Fx)dx =lxdx2 + 2x2 S
J0 = Q ‘:; ! ot 15
r8
(i) | f(x)dx= ¢
Jo e -
r10 )
(iv) flx]de= %
Jo
rX
(v) For what value(s) of x is | f(x)dx =07 x=0, )|
0
rX
(vi) For what value(s) of x is J f(x) dx negative? x>l
0




actice Example

4
Q<3 + Ljdx using the Riemann Sum approach (as

Ex: | Evaluate J
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Properties of Definite Integrals

Arithmetic of Integration: Let a, b and A, B, C be real numbers. Let the

functions f(x) and g(x) be integrable on an interval that contains 2 and
b. Then '

rb
@ | Cdx=C(b—a), where C is any constant.
Ja
rb b rb
o | [F(x)+g(x)]dx= J f(x)dx+ | g(x)dx
Ja a Ja
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o | [f(x)—g(x)]dx = J f(x)dx—| g(x)dx
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rb b
) | cf(x)dx =c- J f(x) dx, where c is any constant.



Examples

Ex: | Use the properties of Definite integrals to evaluate: Qv e
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Properties of Definite Integral

Arithmetic for the Domain of lntegration: Let a, b, ¢ be real numbers. Let
the function f(x) be integrable on an interval that contains a, b and c.

Then
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For symmetric functions,

@ for an even function, f(x)dx = ZJ f(x) dx
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Examples
3
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Ex: IfJ fix)dex=T7 andJ f(x) dx =5, then
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Ex: || Ex: | Assuming that for any real number b > 0 J X dx = 5
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Comparison Principles

X

Fora< x < b
then f(x) dx > 0.
If f then

o If

b
l:ni()ﬂthen m(b— a) SJ f(x)dx < M(b— a).



Example

Ex: | Give th d@on the value of e~x2 dx.
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Ex: | Use the Comparison principles to estimate the value of the integral
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