§6.5 — The Fundoamental Theorem of Calculus - Part IC

From Past I of the FTC , we Know how u.sefu.l
b

0ntiderivotives are for eva{uaémj Jf(x)dﬂ Butr does
Qa

eves;j Continuwous )Cu.nd:ion even have an oankderivative ?

Yes! This is Pact IL of the Fre!

The Fundamental Theorem of Calculus (FTC) - Part T

1f )C 1S continwovus on [Q,L’], then +he )Cu.ncbon
X
ch>=J f(e) dt
a

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

F(<) is an antiderivative of )C(X).

Okaj... leb's V.nPacK this statement Care)fu.l(j...




X
Given X, the }u.nc-\'ion I-_(x‘)=J f(£) dt  outputs the area
o

wndes '3=)£(t) frovv\ t=a to t:=x.

‘N y= £(¢) Iy y= F
03] I i
L Flxow)-F(x) = f(x)-h
ait X >t a xR >

Mov:nj from x to xth, the chanje in area.  F(x+h) - F(x)

s approximately fx>h ,  hence F("*Mh_ FGo JIOR

When W —p , the AFFroxima+:on becomes exact:

d - Aim EOw) - F(x) _
ax T P h Jo

Take,awaj: FTC Part T dells ws {hob

-------- Voasiable

%J flode = fO
Q

L constant




X
Ex: What is AJ prde ?

(o]

X
Solution: BJ the FTC pawt IL | chJ tdt = |x
|

X

Alternahvdj, we Ccould have /firsl: evaluoted +he

in-l'cjr'&, and  tHhen J:{feren{;mledz

d(Teg - i[t’]x _ d_[f_'_ = [x?
dx I dx ?I dx | 3 3

The advomi-ase. o using the FTC is that we don't need

to fir.sl— evaluate the in{ejra,( — or even Know how 4o!

Q l/dl'\w,'i A ' n z t ?
s de2 Lo (t e)c’f

N No clue how o ivvl-cjrod-e
Solution: BJ FTCT |, this.. but that's ok!

d [~ .
&J tan(t2et) dt = Jc.om()(zéx)

A
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A function, h(x)!
X+
Ex: What is %J |+ ¢ dt 7

T+ furns out that

4 h(x)
ix ) ferde = fhe)- W)

X
\th? Well ... if F(x)=J ft)dt, then F(x)= fx) b‘a'

a
FTCIT , hence

h(x)
d fwdt = L Flne)
dx

dx
o
= F'(heY) - h(x)
= £ heo) W)

s claimed. Now lets cevisit ouc e.xample'.

Solul;'\or\ :

gx+
L T iy e
= \/l+(8x+|)3 - 8
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e A function, h(x)!

dx
Xeeol . Another func{-r‘on, j(x)!
Iv\ je.nero.L
h(x) 0 h(x)
d fwde = 4 ( fwdt + [ fyde )
dx X
() 30x) 0

J h(x) j(x)
= d—x( fordt — fe)dt )
0

) )((h(x)) hix)y — J((j(x))- j'(x)

This is the wost je,neral version of FTCI :

d fwae = F(heo) - Weo - Fe)- 300

sinX
Selution: i] e{:z di = e(s:nX) '(S:nx), _ e(Zx) _ (Qx)'

l{
=1 e -C,osx—e_x-o’l




FTCIL +tells wus +hat e,\le,rd continwous j(u.nc{'iOn Jf has
X

on antiderivative | F(X)-'J fa)dt . Somelimes, we can
0

express +his antiderivodive in s:mplc lerms .

X

L9 X' has antiderivadive F(K)'—J PdL, which we

o

can write 5;m[>lj as

F(x)rjxfdt = [g]x : é—j (nice!)

X
... but sometimes s not possible to express F() =J\ Fleydt

in ferms o( eJeMe_n"'arj (i.e., fam;/ia_r) ﬁnc+:ons.

X 2

e.q. F(th gtlJe is an antiderivative of ex but

/

0

there is ne \Way to express F(X) in terms of PoIJr\om:aJs,

Yoots, Jrc;j J[u.nc{.‘ons, exponentials | /tij\s , ete. !



So, while every Continuous )cund:on has an antiderivadive |

not oll continuous funckons have 1ice antiderivatives !



