§|-6 - The Fundamental Theorem of Calewlus . Par+ I

From FTCL, it seems like differentiation and in%ejra:hon

ore wnverse oPerod-io.ns — and 'H\ej are!

Tsnt antidifferentiation

the inverse +o diffecentiation?
derivative

~ .
~
LI g

antidecivative

As we will soon see in%ejro.ls ond antiderivatives
are very c\ose\j reloted! Befoce 54—0.4:.43 this conviection
m Part I of the FTC, lets review what we Know

obout antiderivatives.

Definition: A funckion F(x) is an antiderivadive of f(x)

if Fx) = £,

l.'
Ex: Tf f(x)=x3, Fhen F(x) = )'-<f_ i an ontiderivative




3

Since F(x)= X°.  Bur its wvot the owl:] ontiderivative:

1 4
=+ 1, % - -‘2-_ ) % + 170, etc.
are oll antidecivatives of x* ool

As on opplication of the MVT, one can prove that all

antiderivatives of £ have +his form.

The Antiderivative Theorem :

If F(x) and G(x) are both antiderivatives of f(x),

'H\eV\ G(x) = F(X)"' C for some CeR.

The colleckion of ol antiderivatives of o function F(x)

s called the indefinite ém’rcjral of f, written Jf(x)dx.

That s,

J)((x\dx = Fxy+C , CeR

whece F(x) is ony ontiderivodive o]c J(CX).




Some  Common Antiderivatives

N+

Jx"dx = x™ + ¢ for Al neR, nx-1
JSinxdx=—co.SX+C, Jco,sxdx=smx+c

JSe_c}X dx = tanx +C J Secx tonmx dx = seex + C

| X
| dx = arctoanx + C dx = arcsinx + C
I+ x* 1-x*
(‘ X X
eXdx = e*+ C a” dx - & + C
) ln oC
[ '
I_dx - ln |x | + C \o\)l\J |X|7 well... , T S defancd fm‘
J X T X>0 and X<¢O, So its antiderivotive
should be +oo!

TY +urns ouwt that Know:nj an antiderivative of §(x)

b
33\/&5 us o Ver:j ef]CiCie./I‘l' waj +o c,om[;ud-e, Jf(X)dx_

(VX

Without Riemoann Sums! This s Fox’c I of the FTC!




The Fundamental Theorem of Caleulus (FTC) , Part IC

T{ f is continuous on [a,b] and F is any

antiderivative of f , +then

b
J f(x) dx = [F(x)J: = F(b) — F(a)

H_/
Notation !

X
Proof : By FTCT, G,(x)=J f(t)dt is an antiderivative
a

of f6), so Gx)= F(x>+cC for some CE€R. Hence,

b b Qa
J F(x) dx J F(x) dx +J F(x) dx
a a a

G () - G(a)

[Feo) s e ] - [Flay+c]

= F() = F(a) u

EXO.MP(QS'- Pa:nfu.”\.] comel-e.d b(.SIY\j Riemann Sums élz

2 /
(o) J(L}xs—x) dx = [Xq— X_a]
. ]

]

o
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2T g/k
(b) J Cosx dx = [S'V\X]o y= casx
° N A
= SinadT - sin0 5, X
\\/ )

_o /

Mokes Sense je,ovv'ei-r'.c.o.lln. Sejned areo = 0.
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(C)J |2x| dx = J
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Alse makes gense jeome'l-r‘.calIJ! !



Know:r\j an antidecrivative for f(x) maKes it e_a.sj 1o
b

COMPUL{—Q, J f(X)JX, but f‘mdmj on antiderivate con
G

be Jrv-.ckj'- Sometimes , +he integrand must fiest be

maniPu\ml—ecl .

Examples:

(o) J(X;) dx
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(b) J (1+4)dx dx
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(c) J ton O 40 = J cos® 40
SN0 2 S0 cosB
- 1 I 40
A | Cos20
: —j&-J‘sec:IO do = —; tan@ + C
@) J SR (€S2 KT RN
X2+ | X2+
- J(l— : ><Jx Could hove also
X+ | .
-~ used Fo\jnowuad

lonj division!

=X = arctonx + C

Our qool ovec the next several Lessons: Learn wmethods
J

for c;ompu’riv:j antiderivatives for a Vo.r.'u‘j of fu.nd-ions.’




