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RECALL: PREVIEW OF CALCULUS

Tangent Line Problem Area Problem
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ANTIDERIVATIVES

Definition A function /15 called an antiderivative of f on an interval [ 1f
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GENERAL ANTIDERIVATIVE

Theorem If /15 an antidenvative of f on an mterval /. then the most peneral
antidervative of fon /1s
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EXAMPLE 1

Find the general antiderivative of the following functions:
a) f(x)=sinx =2 Fex) = -coscx) + ¢

b) g(X)zxn,n:tO =9 G'(x),___\/)rqu*.c

_

<)
éiw
b
INTEGRATION
The operation of finding all the general antiderivative is called
indefinite integration and is denoted by an integral [ sign. {’
The general solution is denoted by |
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INTEGRATION VS DIFFERENTIATION

These two operations are inverses of each other:

e

[ Flde = Flx) + C. Integration s the “mverse™ of differentiation

% [ f ﬂ‘)dx} = flx). Differentiation is the “uwerse™ of integration .
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BASIC INTEGRATION RULES
Differentiation Formuta Integration Furmuls ﬁ:
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EXAMPLE 2

Integrate the following:
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EXAMPLE 3 |
Find £ if f'(x) = xyX and f(1) = 2 ‘
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SUMMATION NOTATION
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EXAMPLE 4

Find each sum.
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SUMMATION FORMULAS
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EXAMPLE 5 .

Use the formulae from the previous slide to evaluate the following:
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LET'S NOW TACKLE THE AREA PROBLEM.. %
Use @ngla to estimate the area under the parabola y = x? % Whew  x = Y,
on the interval [0, 1]. Lfﬁ
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WE CAN EVEN ESTIMATE THE ARER
MORE ACCURATELY_.

INFINITE AMOUNT OF RECTANGLES S

¥s E

i

1 ]J‘v x

‘/q "f\ ”,‘\

Yy

0
/‘ n

: R ETEARS AR |
U ey ) (s
) LRI

Anm USinG Foamued #3
l/ [’C({\_»\)(Q“H)}
aS2 ¢

]

?\-

L]

Definition The area A of the region S that hies under the graph of the contu-
ous function Ixslhelumofdsesmoﬂhemofwnnmmngmungks %
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where Ax, is the width of the ith subinterval
[x._..x] ot sutwrgersa

If ¢, is any pownt in the ith subinterval. then the sum

2[((,] Ax,, x,.yS¢c 52
15 called a Riemann sum of f for the partition A
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EXAMPLE 6

(2) Evaluate the Riemann sum for fin = y* - &t‘mxmgmeumpkpmmwbeng!uy;
endpomtsand a2 =0 b= 3 and v = 6

(b) Evaluate ‘“{r‘ ~ 6x) dx.
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is denoted by [A] Ifewcrywhnwna!mo{ma!wmh,mmemmmmmlm
and the norm is denoted by
b—a

l=Aax= — Regular partition

following way
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The width of the largest subinterval of a partition A is the norm of the partition and
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DEFINITE INTEGRAL

If fis defined on the closed interval [a. b] and the limit of Riemann sums over
partitions A

o 308

exists (as described above), then [ is said 1o be integrable on [, b] and the
limit is denoted by

L Ed
gg:& : 2 fle)Ax, = I fix) dr

The limit is called the definite integral of f from a 10 b. The number a is the
lower limit of integration, and the number b is the upper limit of integration.

THEOREM: CONTINUITY IMPLIES
INTEGRABILITY

If a function [ is continuous on the closed interval [a. b], then fis integrable

on [a. b]. That is, J* f(x) dx exists,
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EXAMPLE 7 b [10- au(ie ) ]
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Compute the following definite integral: % = 2@-2M
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DEFINITE INTEGRALS
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1. If fis defined at x = q, lhenj fx)dx = 0.

"a b
2. If fis integrable on [a, b], then J S de = - J fx)dx.
b a




ADDITIVE INTERVAL PROPERTY

If /s integrable on the three closed intervals determined by a. b, and c. then Il

- -
, S dy = , [ dy + ‘ Sl dy

PROPERTIES OF DEFINITE INTEGRALS f

If f and g are integrable on [a, b] and k is a constant, then the functions kfaad 5
[+ g are integrable on [a, b], and

b

1| kgt d = & j £(x) dx
2. [f(() + g(x)] dr = j f(x) dx + ] g(-‘.) dx. j’:
EXAMPLE 8
Use the properties of mntegrals to evaluate ‘: (4 + 38°%) dx »!
J hae o 3J e
= 4(re) + 3 ()
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Questior .

If it 1s known that [[* /(x) dx = 17 and |} fix) dx = 12, find [* fix) dr
j:‘.f(‘B‘h‘ = 5: Joyde « S“.fﬁi) dx
19 = 13 »j%“ Sty
fq‘of(t)dt_ = E
PRESERVATION OF INEQUALITY
L. If fis integrable and nonnegative on the closed interval [a. b]. then
0= rﬂ,ﬂdt.
2. If fand g are integrable on the closed interval [a, bland flx) = g(t)fm |
every x in [a. b). then
beu)dx < fbg(,tbdx.
. - .
FUNDAMENTAL THEOREM OF CALCULUS .
g GEOMETRIC ¢ ANALYTIC
-
R e A= ff(x) dx
Area under ° .
the curve :
The defirite integrel of
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ANTIDIFFERENTIATION AND DEFINITE
INTEGRATION
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FUNDAMENTAL THEOREM OF CALCULUS ~ ~ ©*>°"

(Froc))

If a function [ is continuous on the closed interval [a. b] and F is an
antiderivative of f on the interval [a. b). then

b
J fx)dx = F(b) - Fla).

EXAMPLE 10

Evaluate the integral ”.“" X dx.
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EXAMPLE 11
Find the area under the parabola y = x° from 0 to 1. %
j' x “dx '
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ENAMPLE 12 §

Find the area under the cosme curve from 0 to b, where 0 = b = 3/35

. °

5 Cosxdx = Saxdx L
° D &ab - Sin(e) ?
EXAMPLE 13
Evaluate:
jg (u + 2)(u — 3) du
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EXAMPLE 14

M x— 1
Evaluate: '

] Vf; dx
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EXAMPLE 15

Evaluate:
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MEAN VALUE THEOREM FOR INTEGRALS

If f is continuous on the closed interval [a, b), then there exists a number ¢ in
the closed interval [a. b] such that
b
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THE SUBSTITUTION RULE

Today, we are going to discuss how to evaluate integral of the

following form:

»

| 201+ ¥ dx

THE SUBSTITUTION RULE

f u = g(x) is a differentiable function whose range is an interval

I and f is continuous on /, then

| lg0) g9 dx = [ f(w) d

EXAMPLE 16

j 2xJ1 + x* dx
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EXAMPLE 17

‘. XJCOS(X‘ 4 2) dx
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EXAMPLE 20
I V1 + x? xdx.
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