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A definite integral is the area under a specified region of a curve.
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Definition of definite Integral

If fis defined and continuous on the closed interval [a, b] and

n
lim f(c;)Ax;
n—Cco
=1
exits, then fis integrable on [a, b]. The definite integralis represented by:
n
lim c; JAx;
lim > f(c)Ax,
=1

Where the number a is the lower limit of integration and the number b is the upper limit of
integration.
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Definite integrals have the same properties as indefinite integrals. There are a few others that we need to

be aware of:
a

1. Jr f(x)dx = O
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b ¢ ° CJ)(
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Evaluating Definite Integrals

The Riemann sums that we studied can be used to approximate the definite integrals.
3

" Approximate J‘ (2xsin x )dx using four subintervals of equal length and a Right Hand Riemann sum.

0
mT-0 -1
AX = 14

jﬂ_CQKSMX)ch ~ _ﬁtf‘?(gDJ“ () + {’C%r}‘“ 'FCTTﬂ
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2. Given the table to the right. approximate x 5 0 1 3 5 8 9

9
IP(.\‘}d.\‘ using six subintervals and a P | 3 3 ~ R — 3 3

-2

Trapezoidal sum.

i?oo x5 E‘“g" 2 +(8+2)1

-2

+(2+4) 2 +(-4+-1Y2 +(-1+203 +C2.+‘53[]
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- Some definite integrals can be evaluated using prior geometric knowledge.

3.0 [(x+2)dx

5___
/ 3 t
J (xt+2)dx = (2t 5 ) =

=2l
A
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5. Picturedto the right is the graph of the function f(x). Identify the following.
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-We can apply the limit process to evaluate definite integrals as well.

1
6. Evaluate the definite integralj 2x dx
-2
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-What about functions that don't create a geometric shape on the graph?

Antidifferentiation and Integrals

Evaluating a definite integral requires the use of the antiderivative. An antiderivative reverses the
differentiation process.

Example 1: Find a function F whose derivative is f(x) = 3x2. F ( % > — XB = ﬂm%"otﬂxr\\*‘"}‘“ﬂ
oF  BX=
Consider the functions: F(x)=x° G(x)=x°-35 H(x)=x%+10
Flixd= 2x* G'0)= Ax* H'O) = 23x <

Therefore when finding general antiderivatives, you must include the constant of integration. By
including this constant, you are identifying the family of functions that represent all antiderivative of the
given function. Finding a general antiderivative is finding a solution to a differential equation.

WV
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Notation for Antiderivatives

Given the differential equation of the forrr* j—i =f (x)!we can rewrite this is an equivalent form:

de =ff(x)dx — y=[f(x)dx = F(x)+c

This notation is called the indefinite integral. The expression | f(x)dx is read as the antiderivative of f

with respect to x. The terms indefinite integral and antiderivative are synonymous.

Integration is the “inverse” of differentiation. Therefore:

fF’(x)dx =F(x)+Cc And %U-f(x)dx] = f(x)

*For a full list of the properties of integrals, see page 250.
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The biggest rule when evaluating integrals is the power rule for integration. = g K A%

(
x'n+1 :S ———dﬂ.{
fx“d.x: n#-1, x

n+1 P —)‘-Invo\.m N.an\\.N'n
G
Examples: Evaluate each indefinite integral.
a. | 3x dx b. fxig dx
5‘550 J\X f 3('50[)(
I+
RSN =
> X v
-3% |
3 2 '
= [
S X+ C _
- o= e
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C. [ +x dx

1t

d. f(3x* —5x% + x) dx

X g, X X 4
Lo 3 5 3 3 T > =
L}“xs’—éxg*’lzxac/
=
+ C.
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f. [ 2sinx dx

l
e dx lr*élmx f:-]

X
f R
ot ot
L X+ C
, + 1 "t

—

IWSXA)( = sinx +C

J -smxc}\x: —osX +C

fse.c.)f\-(ﬂm?(- M = Seex +C

‘r(_smw{;x dy = —cscx +C

fsu};ubc = 4an~x + <

j‘ cscindyx = —cot X +
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If an initial condition is provided, a particular solution can be determined for the integral of a function.

Examples:

a. Find the particular solution of the differential equation |F'{x) = L x> 0 thatsatisfies the

x2 !
initial conditionyF(1) = 0.

—

N Ax = B + v = Tt e
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N (%)

b. lfj—i = cosx and \ y(0) = —1,&What would be a particular solution?

‘Aﬁ%‘i — s X Ay
S dyp. = | o5 .

% = SMX + ¢ _— \Ué[zﬁithl]

g—

""\ = Syw(O)"\'C’

-\ = C
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c. Evaluate [(x+ 1)(3x — 2)dx if you know that the point (2, 10) exists on the antiderivative.
3, 1yt C_
@f’a—){*l)&‘ﬁ = XTHIX X A

o O L) -2 +e
o= LTC
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