Lecture 26

Learning Objectives
At the end of this class, students should be able to:
— use integration rules

identify area under the graph of a function

understand the concept of definite integral

solve related problems

26.1  Sum or Difference Rule

j[f(x)ig(x)]dx:jf(x)dxijg(x)dx

Ilustration 1

Evaluate J.(xl’3 —3x73 4+ 6)dx

Solution

J.(x“3 —3x7?"® 1 6)dx

le’de—3jx’2’3dx+6Idx

=%x‘”3—9x1’3+6x+c

Illustration 2

Evaluate_[ i—%+i dx

2x  x*  4Jx
Solution
j(zi—% ide :%J.ldx—zj.x‘zdx+3‘|'x‘“2dx
X X X X
:%Inx—(—zl)xl+6x”2+c
=%Inx+g+6x“2+c
X

Illustration 3

Evaluate J.(Se“ +§+ In ZJdu
u



Solution

J(3e“+§+ln2jdu :SJe“du+6j%du+lnzjdu

=3"+6lnu+uln2+c

26.2 Area under the Graph of a Function

If f is a continuous function on [a, b] as shown in the following figure and f(x) >0 on [a, b],
then the area between y = f (x) and the x-axis from x=a to x=b is given by

b
Shaded Area = j f (x)dx
Note that if f(x) <0 on [a, b], then

b
I f (x)dx = - Area (between f(x)and x-axis)
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Illustration 4

Let R be the region under the graph of f(x) =16 — x> on the interval [1, 3]. Find the area of
the region R.

Solution

3
Required Area = I(16— x?) dx

1

We have to understand the concept of definite integral to find the value of this integral.



26.3 The Definite Integral

Let f (x) be a function that is continuous on the interval [a, b]. Then the definite integral of f
on the interval [a, b], denoted by

j. f (x)dx

The numbers a and b are called the lower and upper limits of integration, respectively. The
process of finding a definite integral is called definite integration.

Fundamental Theorem of Calculus

Let f be a continuous function on the closed interval [a, b]; then the definite integral of f exists
on this interval, and

f f (x)dx = F(b) - F(a)

Where F is any function such that F'(x) = f (x) for all x in [a, b].

Thus, we apply the fundamental theorem of calculus by using the following two steps.

b
Step 1. Integration of f(x): If(x)dx = F(x)|2

a

b
Step 2. Evaluation of F(x): F(x)|a =F(b)-F(a)

Illustration 5
3

Evaluate J'(16— x?) dx
1

Solution

3
I(16—x2)dx = (16x—lx3j 3
) 37 )1

= (16x3—1x33]—(16><1—1x13)
3 3

= (48—9)—(16—%)
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Exercise for Reader

1. Evaluate the following integrals.

a) j(1+ 2x + e¥)dx

D) | [\/Y +%jdx

2. Evaluate the following integrals.

4
a) _[5dx
2

b)

X |

dx

N Sy N

c) Jz'(xz —3x + 2)dx

d) Js'e“dx
2
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