§6.5 — The Fundamental Theorem of Calcw]us - Part TC

From Past T of the FTC | we Know how usefeul
b

Owntiderivatives are for eva(uaéinj JJE(X)AX. Bur does
Qa

eve.:j Continuwous )cu.nc.!;ion even have an OmhderWoinve,?

Yes! This is Pact IL of the FTc!

The Fundamental Theorem of Calculus (FTC) — Part T

1]£ )C is continuous on [a,b]  then the )er\C'L'nOﬂ

X
Foo = J f(e) dt
a

is differentiable and di F(x) = f(x). Thoat s,
X

F(x) is an antidecivative of )C(x).

Okaj... led's u.nPacK -l-his stotement c@refwl(j...




X
Given X, the }u.nc-\'ion F(x)=J f(£) dt  outputs the oarea

o

under \j=f(t) from t=o to t=x.

Ip y=£(¢) Ix y= £(¢)
(03] E— i
E’E,F(XH\)-F(X) = f(x)-h

Mov:nj from X to X+th, the cho.nje, in area  F(x+h) = F(x)

iS aFfroXima:l'e!J )((X)'h, hence F(x"l")h_ FGo =~ }(X)-

When h—0 ) the Ouprroximo&:ov\ becomes exact:

d = Mim FOew) - F(x)
dx F 0o h-:z h f(x)

Takeo.wajz FTC Part T dells wus 1hal

Voasiable

x
%J feyde = F0O
Q

LI constant




X
Ex: What is iJ 1t de ?

o

X
Solution: BJ +he FTC F“H']I* Jij L*dt = | x
|

X

/-\Itervxa{'\vclj, we Could have firsk evaluoted the

inhjr'd and  then J-‘fferen{imle.dz

d xyd,c_ = i({’]x - d_[lg_‘_ = [x?
dx | dx | 3 | dx [ 3 3

The advami-ase o using the FTC is that we dont need

‘|‘o )Cir.sl- G.Va.lu.aie ‘“1& in{&jra,l -/ or even Know l'\ow 'I'o!

Ex: Whot is A [ Lo (s20t) dt 7
s deZLa(t e,)cH:

\ No clue how +o in-l'ejrod-e
Solution: Bj FTCTI , this.. but Lhat’s ok!

d (* .
d—XJ ta.n(t e,t) dt = {:an(xze")

A
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i . d
EL What s K\Jo |l+};3 dt ?

A function, h(x)!

T+ turns out that

J h(x)
i), fde = fho) - Wx)

X
\Jh:j? Well ... ;7[ F(x)=J ft)dt, then F(x)= £ b‘&

(1}

FTCT | hence

4 h(x) J
= (Hdt = <=
dx J fu dx F(h(x»
(i}
= F'(hey) - h(x)
- f(h(XQ' Wx) |

s claimed. Nouw let's cewvisit ouc example.'.

So|w!:’\0n :

gx+
iJ [FE 8t = Jis(enn) - (8x1)
= \/l+(8x+|)3 -8
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b A funch’on, h(X)I

~

Another function, j(x)!

~
_____
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h(x) 0 h(x)
d O d ( flodt + feydt )

dx dX
LIS 9(x) (0]
d h(x) 3()0
= d_x< ferdt — flerdt )
0 0

)((h(x)) chix) — J((3(X3>' j’(x)

This s the wmost je,nera,( version Of FTCT -

h(x)
4 fode = f(h0) - Ky - F(300)- 900
dx 3(x)
sinX . )
Soludion:  d f et dt = ¥ ) - €™ (@’
dx

Sin®X Yx?
e “CoSX - €& R

f




M While FTCI Yells we +hat e,\le.rd continuwous

—)(u.nc-(-ion has an antiderivative it is not a.(wa.js Foss;b|e

)

fo express the antiderivative in terms of e,le.men+o.r3

(i.e., familiar) functions.

X 2

e.q. F(x3=J ctlclé is an andiderivative of ex but

’

there is ne way to express F(X) in terms of PobnomiaIS,

Yoots, Jrc;j Functions, exponentials | /t)js , ete. !



