
 Section 5.4 Fundamental Theorem of Calculus

Learning Goals



Fundamental Theorem of Calculus Part I

Suppose F x is an antiderivative of f x on a b then

fix dx F b Fla FLY

So FTCI tells us how we can compute definite integrals

using an antiderivative of the integrand

Do not get confused between indefinite definite integrals

f f x dx F I C the family of antiderivatives of f
a family of functions

Sa f x dx net area between y f x and x axis on

a b a number

FTC I tells us how they are related we can use

antiderivatives to compute net areas

Examples I In the previous lecture we used limits of
419 Riemann sums to show that

I x dx

we can a um n g n

x dx 2

could use any antiderivative of x2 Estt etc
and get the same result



2 Evaluate the following integrals

a f I dx In I In 21 In it In12

b x e dx x e dx

L e

L
e

17 12

c dx arctant

arctan i arctanto

d sec 20 tan 20 do sec 20

sec E sec E

2 52

e I sin sin sin o E



3 Find the total area between y sin x and the x axis

on 0,2K

n9 A sin x dx COSCH 0

because the integral is the net
area below x axis counts as

negative

A sin x dx sink dx

cos x cos x

COST 65 01 WS 2n Cos III 4 squareunits

4 Suppose that the velocity of a particle moving on an

axis is t If I m s Find the displacement from t 1 to t 2

Displacement 512 511 v1 at
hffer the p It

5 f 1 at IGE 1 at 6 t Ett

2 9 1

7 m



Area functions if f is continuous on a b the area function is

ay y fit A x flt at

AGI
the input of AGI is the right

a b t boundary of the region
The output is the net area

FTC Part II A x f x
or fit at f x

So A x is an antiderivative of f x

Why does FTC II work

Alxth Alx fit dt
ay

When h is very small the purple

region is approximately a rectangle

a ith t of height f x and width h

So Alxth ACH hf x as h o

1mg Akth ACH f x

Examples 1 Calculate the following derivatives

a Etl at I



b f I I

c cos a sin u2 du cos x sin x2

2 FTC II only applies when the upper bound of the integral
is the variable of differentiation If this is not the case
need to use in combination with other rules

variable is not the upper bound soa e at FTC does not apply yet

e ᵗ at reverse bounds

e dt now FTC applies

e
3 2

b I 0
upper bound is not just but an
inside function use chain rule

A 3 2 Gx chain rule

sin 132 6 FTC for A
6xsin 81 8

c f cos t at upper bound is not just but an
inside function use chain rule

COSY In 2 2



d finny radt

f I first reverse bounds

Vtant x2
chain rule

e f cos E dt

cos 3 at_ cos E at split into two integrals

Cos C 2x cos 2 3 2

2 651 6 26s 8 3

3 We know that

A x fieldt is an antiderivative of f FTC

A a 0 property of integrals
So A x fit dt is the only antiderivative of f
passing through a 0

We can use this to solve Initial Value Problems

a Solve the IVP x2 and y t 6

y x 6 Edt



b Solve the IVP sec x2 and y o 3

y x 3 sec E at

c Solve the IVP Ke and y 4 7

y x 7 VEeᵗdt


