b

{-C(X)dx :.Kim E\F(x: )Ax

na0 k-0

%

:XiM g{(x:)bxk
’""‘M—wk=1

N

it

SCOSXG!\C = Sin X _‘_C

L __dx =8vdoh e
[+ X

gs((‘dx ;%,X\-\-C
2 oy X2
YQ + XX T*%*C

(0 )
W= ll'X-\-\ lh‘\‘u . -’. u du

00
S(4><*" AX gy - 4dx = dx =% du
L fu™(ydu - 4 ooy oL Yt C
‘!Su ‘:=4°:gc +
=4y C -3
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5.5 Integration by Substitution

Theorem 5.8 Let u be a function of x and f be a function of u. Then

/{f(“”“(“ = /[f(u(,r))(/(J')](!.z'.

o
&:
Example 5.10 Evaluate [

J (3&'3 - 2)9

a S = g
| PO u:‘%ﬁ-z =)du =9x dx -7}41 qﬁdﬂ

[t = 45
o] u'qdu

da

2

Page 1
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Example 5.11 Evaluate [ cos(5z)dx
B0 ussx . du=Sdx = de=
SCOS(‘;A)M =§OOS u%“ = -,;LfCOS u du
- Jg- sinu +C
= ;;LSM (s)+C  Fe
Example 5.12 Evaluate [ (‘.UH\(}{;) dr d(r) ‘_‘__d
. i X
Ao u=W& #d“' o
A
cos@x) X=2 O‘(ﬁ)
oWy =2 @stix ) 4 du [} 5 g@
d(¥x)
:zgg,s u du '-’—2[@3@)0“2)
. Bdnul +C =2sin ([x)+C
- 2sin () +c # @

i,
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Example 5.13 Evaluate [ e” sec?(e” + 1)dx

‘ K
(M u=e+1  -.du=0Q dx

2
% Q(’L(é—ﬂlp :jfec udu
- tanu +C

Au
= tan(e°41) 1€ #

1

Example 5.14 Evaluate [ dr

- arcagn U +C

— qresin (—L) +C #
@ gﬁdu = avesin (g J+C

- u
{m"-du = Lavchun (£ 4C




=t x

— dx U
b &x\ls(ﬁn?

Se@’“" Coec X cof xdX U= Cofec X
du s-(QSCC )(CO','D‘dx

Y =avctom X
g |+Y
wsec (nX) gx u=th %
X

gcosec(p“ notex)gy  u= fu x
- X
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5.6 The Fundamental Theorem of Calculus

5.6.1 The Fundamental Theorem of Calculus

0

Figure 5.9: area under the graph

(Figure 5.9). Recall that our discussion of the antiderivative method in Section 5.1 suggested that if

¥

y= flz) X,

@A(x}aff(wl)df@
e

D @ rh

Figure 5.10: area under the eraph f to o / F(
lgure H area under the graph from a to z A (x) - X,

A(x) is the area under the graph of f from a to z (Figure 5.10), then
. A(2) = f(x)

o A(a) =0 (The area under the curve from a to a is the area above the single point a, and hence

is zero.)

o A(b) = A (The area under the curve from a to b is A.)
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Theorem 5.9 (The Fundamental Theorem of Calculus, Part 1) If f is continuous

on [a, b] and F is any antiderivative of f on [a,b], then

/’b f(2)dz|= F(b) — F(a)
: {‘(x) FOO &= A +C

t6adx £ Fb)-Fa)
g (h+] P@ )

Example 5.15 Evaluate ff xdr.

2
fxdx =..,2, +C
R
F(x)

dx -?F(z) F(”
p -4

Example 5.16 W
(5

(a) Find the area under the curve y = cosx over the interval [0, 7/2]. A =

9:03): dxz5nx+C

(b) Make a conjecture about the value of the integral

/0 : cos rdr ‘?mg xdx = 5"‘('2 ).;;0(0)

, : : =10 = | #
and confirm your conjecture using the Fundamental Theorem of Calculus.

T ‘ ?‘V,OUWH
YCOS xdx = Sin ninnd

: = sin(1) - sin @)

= 0=0 =1
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5.6.2 The Relationship Between Definite and Indefinite Integrals

Let F' be any antiderivative of the integrand on [a,b], and let €' be any constant, then

E"

Thus, for purposes of evaluating a definite integral we can omit the constant of integration in

/al’f(l,)dl.:, e Uf(z ]

which relates the definite and indefinite integrals.

b G '
(/ flz)de = [F(b) + C] — [F(a) — C] = F(b) — F(a) [

Example 5.17

2
1 K S ol
2) [2 a2 mds = @x‘{x d"]@ .—..[ X o x] =

0 = 5[e™-e’1=53-1]=10
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5.6.3 Part 2 of The Fundamental Theorem of Calculus

Theorem 5.10 If f is continuous on an interval, then f has an antiderivative on

that interval. In particular, if @ is any point in the interval, then the function F

defined by ‘{a dw ny 'v“n_q Ug
“ [ 1@ owaelen Fx)=f(#)

is an antiderivative of f ; that is, F'(x) = f(x) for each z in the interval, or in an

21 Proa] - 0
dz |/,

alternative notation

g
Example 5.18 Find ;]% L[ t3dt]

ol
drx¥ _1
dx

d | [t
dx —4

i




