
 6.4 The Fundamental Theorem of Calculus Part I

Recall

The definite integral of fix from X a to X b is

fab fix dx fine flxilox

where ox by and Xi at iox

This definition is AWFUL to use and so in practice

we instead compute integrals using the following theorem

The Fundamental Theorem of Calculus FTC Part I

If fix is continuous then

Jb fix dx F b Fla
a

where F is any antiderivative of fix lie F f



Ex Use the FTC to evaluate x'dx

Solution An anti derivative of fix X is Fix

Thus I x'dx F 2 Flo 33 033 83

Ex Use the FTC to evaluate f lt4xldx
Solution An anti derivative of fix 4x is

Fix x 2x so

It
I 11 4x dx x tax

2 21212 1 21112 10 3 7

Intuition for the Fts If y Fat then

from our differentials lesson dy Fix dx Thus

f fixidx f F x dx dy



can be viewed as a sum of tiny changes in y Fixt

as x varies from a to b The FTC states that

the sum of these changes is the same as the net

change F b Fla

Ex What is Ji x'ax

Solution Jj x'dx X g

But wait a second isn't X I also an
6

antiderivative of X And I 2 And Y ta

Yes In fait every anti derivative of X has

this form



If Fixt is an anti derivative of f x then every

anti derivative of flat has the form Fixt C

where CER is a constant

The collection of all anti derivatives of fix is called

the indefinite integral of fat written

I fix dx FIX C

So for instance x'd x Y C More generally

The Power Rule for Integrals

x dx It c Int 1

Some Useful Antiderivatives

I sinxdx osx C f cos x dx sin X t C



I see x dx tanxt C f secx tanxdx sext C

I

f it dx arctanx C f r y
dx arcsinx t c

f e dx e t c f a dx ga t c

f f dx In x t c why x Well I is definedforx o and xco so its antiderivative

should be too

Ex The area under y cost from X o to x T2 is

cosxdx Linx

sink sin O ay

y cost
I O

F
Iz

1

Note We don't write C when evaluating a



definite integral fix dx but if we did the

C would just cancel out anyway For instance

J cosx dx sinx C

sink t c sino C 1

Antiderivatives of slightly more complicated functions

can be calculated using the following properties

Properties of Integrals

i f f txt gal dx I fix dx tf girl dx

hit f k fix dx k fix dx k constant

Ex Evaluate the following

lat tix t 1 dx 11 x dx Idx I t Xtc



bl o te't sin x dx 49 ex cos x C

a Ex 3
413 dx x 3 413

dx

Y 34 C

23
32

9 x t C

Sometimes a bit of manipulation is needed

ldl lx't dx x 2 4 1 dx 49 2,15 X C

let Etl at E't f at t't en t C
3

3t In t t c

H f dx Efi dx fit i int dx

1 dx f ily dx x ar tank C



The following properties can help with certain definite

integrals

Given real numbers a b and C

lil f fixidx fixidx

Iiit f f xldx fix dx fix dx

In the case that f is continuous these properties

quickly follow from the FTC Indeed

fi fabfixidx Fib Fla Fla Fib f fix dx

ii fixidxt fix dx Fk Flat Fsb Flc

Flb Flat fixidx



Alternatively you can think of ii in terms of areas

a a a

t

a i b a i b a i b

fixidx tixidx t fixidx

Ex
3

z

2x dx

Solution Since 2x
2 it O

we have
2x if x o

3 0 3

f 2x dx 1 lax dx f 12 1 dx2

1 2x dx t f 2x dx2

x x

02 1212 32 02 13



Ex Evaluate fixidx if fix l X it x't

2 if X 10

Solution

ya

fixidx fi x4dx adx 2 Axl

x 3 t ax I i x

11 t 10 3 2131 211

4 5

For some not too complicated functions you can

find an antiderivative by making an educated guess and

checking with differentiation

Ex What is ext dy

Solution Is it e t C Not quite Ext'tc 3ext



Fix Divide by 3 We get

ext dy e t c

Ex Evaluate cos ax dx

Solution Maybe sin 2x is an antiderivative Not quite

since Isin 2x 2 cos 121 Fix Divide by 2

J cos tax dx singly

Sin 2T
Singo O y2

Wait if costa dx represents an area how can

this integral possibly be 0

It turns out that fix dx actually represents a



signed area with area below the x axis counted

negatively Y positive area

I S X

negative area

In the above example the area above the X axis

cancels perfeitly with the area below giving

cos 2x dx 0


