Definite Integration

The Fundamental Theorem of Calculus Part 1:
If f is continuous on [a, b], then the function g defined by

g(x)zj)sf(t)dt a<x<b

is continuous on [a, b] and differentiable on (a, b), and g’(x) = f(x).
The Fundamental Theorem of Calculus, Part 2:

b
If f is continuous on [a, b], then _[ f(x)dx=F(b)-F(a)
a

where F is any antiderivative of f, that is, a function such that 7’ = f.
Note: If ? f (xX)dx = 0 = then the equation f(x) = 0 has at least

one :oot lying in (a, b) provided f is a continuous function in (a, b).
< th f (x)dxalgebraic area under the curve f(x) from a to b.
Proerties of Definite Integral:

b b
1. jfuyu=jfamt

2. ? f(x)dx = —T f (x)dx
a b

3. jl f (x)dx =_T f (x)dx +j2 f(x)dx

a

a

4, .[ f(X)dXZ'T.(f(X)-F f(—=x))dx =
0

—a

2? f(x)dx, f(-=x)=f(x)
0

0, f(=x) =—f (X)
b b
5, ff(@dx:jf(a+b—x»dx

a

6. jf@ﬂ&{fm—mm
0 0
2a a

7. [ 109dx=[(f(0)+ f(2a-x))dx
0 0

B ZTf(x)dx, f(2a—x)=f(X)
10

0, f(2a—x)=—f(x)




8. Iff(x) is a periodic function with period T, then
nT

;
[ feydx=n[f(dx,nez,
0 0

a+nT

.
j f(x)dx:nj f(x)dx,neZ,aeR

a

jf(x)dx (n— m)jf(x)dxmnez

mT

a+nT a

j f(x)dx:jf(x)dx,neZ,aeR
nT 0

b-+nT

j f(x)dx = jf(x)dxneZabeR
a+nT

9. If \y(x)sf(x)sq)(x) for a<x<b,then

b b b
j P(x)dx < j f (x)dx sj o(x)dx

Leibnitz Theorem:

h(x)
IfF()= [ f()dt
g(x)
dF (x
then d( )1 (0 (h00) ~ g’ (9 F ()
Walli’s Formula:
/2 /2
1. Isin”xdxzj cosxdx = (=D =3)....Qor2) o
0 0 n(n-2).....1or?2)
n/2 if niseven
where K = .
{ 1 ifnisodd
/2

2. .[ sin" x.cos™ x dx
0
_[(n=1)(n-3)(n-5)....10or 2[[(m-1)(m-3)....1or 2] K
B (m+n)(M+n—-2)(m+n-4)....10r2

2

T .
whereK =15 if bothm andn are even (m,ne N)
1 otherwise

Definite Integral as Limit of a Sum:

b
jf(x)dx: limh[f(@)+ f(a+h)+ f(a+2h)+...+ f(a+n—1h)]
Nn—o0
a
r=0 1
= Iithf(aJr rh):jf(x)dx whereb—a =nh
h—0 1 0

r=0 1
Ifa=0andb=1then, Iithf (rh)=j f (x)dx; wherenh=1
N—o0

0
1 r=1
ORnIim( j ( ) jf(x)dx




Estimation of Definite Integral:
1. If f(x) is continuous in [a, b] and it’s range in this interval is

b
[m, M], themm (b—a) < [ f (x)dx<M (b-a)

N

b

[ f(dx

a

w

a

b b
If f (x) < §(x) fora<x<b thenj f(x)dx < J'cl)(x)dx

b
< [I (0] dx.

b
4. Iff(x) >0 ontheinterval [a,b], thenj f (x)dx >0.

o

a

f(x) and g(x) are two continuous function on [a, b] then

b
j f (x)g(x)dx

Some Standard Results:
/2

b b
s\/ffz(x)dxfgz(x)dx

/2

1. _|. logsin xdx=—glog2= .[ log cos x dx
0 0

b
2. jmdx=|b|—|a|.
3 X
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