CALCULUS 2

ANTIDERIVATIVES (INTEGRAL)




- OBJECTIVES

At the end of the lesson the students are expected to:
¢ identify an integrand that can be integrated using
simple substitution;
¢ perform integration using the generalized power
formula;
¢ relate integration by power formula to the generalized
iIntegration formula;
4 and consider and use the “introduction of
neutralizing/correction factor” as an alternative technique
of Integration.
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INTEGRATION BY SUBSTITUTION

* Atechnique called substitution, that can often be used to transform
complicated integration problems into simpler ones.

u-SUBSTITUTION

The method of substitution can be motivated by examining the chain
rule from the viewpoint of antidifferentiation. For this purpose,
suppose that F is an antiderivative of f and that g is a differentiable
function. The chain rule implies that the derivative of F(g(x)) can be

expressed a % [IF(g(x)]= F'(g(x))g'(x) which we can write in

ntegralformas  ['F(g(x))g' (x)dx = F(g(x)) +C
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or since F 1s an antiderivative of f,

[fimlﬂg’{.rjdx = Flgx))+C (2)

For our purposes it will be useful to let u = g(x) and to write du/dx = g'(x) in the differ-
ential form du = g'(x) dx. With this notation (2) can be expressed as

ff{ujdu=F{u}—l—C (3)

The process of evaluating an integral of form (2) by converting it into form (3) with the
substitution 4, o(x) and du = g'(x)dx

1s called the method of u-substitution.
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The generalized power formula therefore is:

i _[f(u)]n+1 I | B
[[fW]'d[fW)]= S —+C; nz-l
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Guidelines for u-Substitution

Step 1. Look for some composition f(g(x)) within the integrand for which the substi-

tution u=g(x), du=g(x)dx

produces an integral that 1s expressed entirely in terms of u and its differential
du. This may or may not be possible.

Step 2. If you are successful in Step 1, then try to evaluate the resulting integral in terms
of u. Again, this may or may not be possible.

Step 3. If you are successful in Step 2, then replace u by g(x) to express your final
answer in terms of x.



3y
Vet

INTEGRAL CALCULUS

» Example 1 Ewal]uara::f{xE + 1) . 2x dx.

Solution. 1fweletu = x> + 1, thendu/dx = 2x, which implies that du = 2x dx. Thus,
the given integral can be written as

! 24 1)°!
fif+1)jﬂ-2xd.r=fu5ﬂdu=ﬁ+f—( = } +C
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ax
2. Evaluate Jr’gr
\3
Solution:
N = %.1: — 8

du = _%u'.'r ordx = 3du
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3. Evaluate
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V1 — zdz.
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3. E’Fﬂ-lllﬂ.t& -T.--\"'F]. —_ ﬂ:dﬂ:- — f(l _ U)(\/a)'du

Solution: 1

Letu=1-x;alsox=1-u = — [(1 — u)(u2) du
du = - dx ) .

Ordx =-du = 2

Substitution yields = f (uz —uz) du

3 5
2 = 2 =
_——E’LLZ +Eu2+C

2 32 5
=—;@=x)2+_-(1—-x)2+C



- OBJECTIVES

At the end of the lesson the students are expected to:

¢ Define the natural logarithmic function;

¢ lllustrate solutions on problem yielding to natural
logarithmic function;

¢ Derive particular formulas involving integrals relative
to natural logarithmic function; and

4 evaluate problems involving natural logarithmic
functions.
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Recall : d(Inu)= du

U
Evaluate the integral of each side

CL—U:Id(Inu)
OR

W _jnpl +C
U
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EXAMPLE:

1 3 d

' j2x—7 *

3 du

= /5 &)
_ 3 du
=3
=§In|u|+C
2

=%In |2x-7| + C
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u=2x-7
du =2 dx
dx =du/2



4x+2 du
_f u (2x+1)

— fdu (4x+2)
u 2x+1

_ rdu, 2(2x+1)
_~f11( 2x+1 )

:Zfd—l;l

=2In |u| +C

=2In|x*+x+5]|+C
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u=x>+x+5 du=2x+1)dx

_ du
 2x+1
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187 u
1

==In|u| +C
6

=%In 11+ 9x2| +C
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u=1+9x% du=18xdx
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Generalized power rule-u substitution

7 [r4x-3)%ax

2 787 + 1241
.6
3. dx

2

Y (71-2x)

2

dx

4 al
(5404 2)

5 I4J5+9r +12{'5+9r)? drt .

logarithm

7[ 3x* 4+ 12x3 4+ 6 .
") x>+ 5x*+10x + 12 X

8 zdr
a? + 22
(1—2x)%?

9

J=——dx
3 — 2
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