
Fundamental Theorem of Calculus .

-

Goal :

o FTC part 1 and part 2 .

"

differentiating undoes integrating
"

.

" integrating undoes differentiation ?

• Integrating without Riemann sum .
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Recall for any continues function f on Ea, b]
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fct) at is a function of a .
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Examples
-

o Foes = So
"

coset) dt ⇒ da Fox) = cos Cx) .

a Fox) = f.
"

cette) at ⇒ dad
,

Fox) = x2-i.FI

U

o Fca) = Sickos# at .

Fcucx)) where Fcu) = fcosctdt .
I

a
finexD da Fluck" = doin ' ¥

da
,

Foxy -_ fcx)
if uIE = cos cu) - 2x

= coke) . 2x . Fox .

. fa"fctdt .



Anticlerical

Defh : Given any function f , then any function F
- \

such that F'ex) = f- Cx) is called anti derivative

of fog .

Example

⑦ Fox) = K2 is anti derivative of f = 2x.

• Fox) = costas is anti derivative of fox) = sin Cx)

of = So
"

cosA) It is anti derivative of fact cos GD .

S! fctdt is an anti derivative of fois .



Isantioheivatieun.ge? As

Anti derivative is not unique
.

For example : at and see, 3 are anti derivatives of 2x .

Lemme :( cap I-3.8) If F -is an anti - derivative of
f-
,
then any other anti derivative is of f is

of the form Fox) -1C
,
where c is a constant .

Remark :

{
"

fct) at + C is anti -derivative of fox) by FTC -I .



Proofoftemmao
Suppose G is also an anti derivative of f .

F

o Consider H - F- G

o By def? Fix) = fox) ,
G'Cx) = fix)

⇒ H'ex) = O HU XE Domain .

or So
,
Hex) = c ,

c is a constant .

① Gex) = Fox) + c .



Inohfinite.IN/-egvals.-
Definition : The indefinite integral of fox) is denoted ffosddx .

( without terminals)

Definition : f food doc is the general anti derivative of fog .

In particular , Fox) is the anti derivative of fox)
then

f f-Cx) doc = Food +C ,

• here C is an aebitaey constant . ( constant of

integration)

S! fats dttc is anti derivative of fun



Examines

n t - I

g : f since") e' doe = ?

Note that da
,

cos Cee) = since") e"

so
, f since e'cdx = cos Cea) t C .



Fundamental theorem of Calculus - Part 2
-

Thom C CLP 1. 3. D let f be any continues function
on Ea, BT . Let F be an tsdeeivi tire of f .

Then

fabfcx) da = Fcb) - Fca) .
2

e f tsedx
1

The anti derivative of La is lncx) : Stadt = encode .

2

So
, f! # da =

lncxs ) =
link)

F- I



Ex : "12
=

Evaluate f ascxsdx .

-I
2

note : f cos dx = sin Cx) -1C

or
,
since costs is even function .

*12
⇒ Jaxx> dx
-% Tyz

2 {
"

Tosca> doc .

⇐ sine I 92

-742 = 2 ( Sin GD ) )
°

= Sin Lak) - sin C- %)
= 2 ( sin ( Tye) - Sirico))

= 2

#\ = 2 .



Pooofofftcid

° ¥ [ fctdt = fca) . by FTC - I

o so
, ga
"

fctdt = F
* c ( by definition)

o For x=a, faafct)dt= Fca) te
⇒ c= - Fca) .

o For x=b
, fab fCt3dt= Fcb) - Fca) .



Inverseoperations
A function f : R→ R is inverse of function g : R→R

if they satisfy :

f-Ca) = y ⇒ g Cy) - x H x
, y ER .

Remark : fcgcy )) = y ,
g CfcxD = x .

o Differentiating
undoes integration : da Ja

"

feet dt= fox )

o Integrating undoes differentiation : Ja
"

(adz Fct)dt = Fctsla
"



Example
a {13sat2x +1 doc

o Anti derivative ;
x3+x2+x

Ainitidoivatie :
x3tx7x+c

S!3×2+2×+1 da = [ x3tx2tx]
1

= 3 - o

"=!
=3 gotz +2x e- 1)da

= [ x3tx2ex +c)
1

a -0

= te) - (Otc)

= 3



Example@ntd7.ftI.dx
o Anti derivative of ¥4 is zg
so
, f.

'

I. = ¥3 I = ÷ - t's) =-3 ?
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