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DEFINITE INTEGRALS

Let f(x) be a continuous function defined on closed interval [a, b] then fab f(x)dx is called definite integral of f(x) in the
interval [a, b].

First fundamental theorem of integral calculus

f (x) be a continuous function defined on a closed interval [a, b]and (A(x) area function) A (x) = fax f(u)du forall x €
[a, b],then %A(X) = f(x). In other words, A(x) is an anti-derivative of f (x).

Second fundamental theorem of integral calculus

If f (x) be a continuous function defined on a closed interval [a, b] and F(x) is an anti-derivative of f (x), then,

[7 f(x)dx = F(b) - F(a)




A definite integral is denoted by fff(x)dx, where a is called the lower limit of the integral and b is called

the upper limit of the integral. The definite integral has a unique value.

f;f(x)dx defined as the definite integral of f(x) from x = a to x = b denotes area bounded by f(x) x-axis and

X=aandx=Db,
Note: There is no need to write integration constant C in definite integration.

Suppose if we consider F(x) + C then,

fab f(x) = [F(x) + C]? =(F(b) + C) -(F(a) + C) =F(b) + C-F(a) — C=F(b)- F(a)




EXAMPLES

Evaluate f12(4x3 —5x2 + 6x +9)dx =

3 2

4
Solution: 1= [(4x3 — 5x% 4+ 6x + 9)dx = 4%- 5% +6x? +9x

x* 5x°

| ==—-=—+3x2 +9x = F(x)
4 3

Therefore, by the second fundamental theorem of integral calculus,

2 5x3
J; (4x® ==+ 6x + 9)dx=F (2) - F (1)

(4@?-2@)+6(@+9)-((4(D*-2(1%) +6 (1) +9)

=(32-2412+9)-(4-2+6+9)=33 -2 =%
3 3 3 3

Therefore, f12(4-x3 —5x% + 6x + 9)dx = 63—4




2. Evaluate fﬂE sin? x dx

. . 2 _ r1l-cosZx _rl [ cos2x
Solution: | = [ sin“x dx = [ . d:x:—fzdxf - dax

x sin2x x Ssin2x
| =—+ — +
2 2(2) 2 4

= F(x)

Therefore, by the second fundamental theorem of integral calculus

[ sin® x dx = F(b) - F(a) = F(3) - F(0) = E + ﬁ] |5 - =22
YA T
=%+ 0]-[0-0]=F

T
— L] R
Therefore, f{f sin?x dx = 1




T

3. Evaluate [;* cosec x dx
[

T

Solution: Let | =_|-EI cosecx dx
&

[ cosecx dx =log|cosecx — cotx| = F(x)

By the second fundamental theorem of integral calculus

T
fn‘* cosecx dx = F(E ) - F(E )= Iog‘cosec Z_ CUIIE‘ : |Dg‘CG.S‘ECE — cot =
= 4 6 4 4 6 6
V2-1
|2- 3]

= Iogl\ﬁ — 1| - Iog|2 — \El = log

T

Therefore, [} cosec x dx = log
6

|w’§—1|
2- 3]




4. Evaluate fu (KE + sin— )dx
Solution: fﬂ xe* + Sinfdx

| (IEI n Sinz_x)dxzxj e* dx _J'{(— x)JfEde}dx + {_EDST}

4

. 4 x
=xe*- [ e*dx — = cos
T

By second fundamental theorem of calculus, we obtain

I=F(1)-F (0)
={E—e—%cnsz}—{0—e”—%cc:-s[]“}
I (R D T A I
_H(wﬁ) (-1 II} 1+T[ il

4 242

Therefore, fﬂ (xe" + sin— ) dx =1+--22

! T




EVALUATION OF DEFINITE INTEGRALS BY SUBSTITUTION

Consider a definite integral of the following form

1= [, flg(0]g/ (x)dx
Substitute g(x) =t, = g ‘(x) dx = dt

When x=b, t=g(b) and when x=a, t = g(a)

Therefore, | = f;((:)) f(t)dt

Integrate the new integrand with respect to the new variable.




EXAMPLES

Find the value of fﬂl xe* dx

. 1 2
Solution: let | =fﬂ xe®

put x? =t = 2xdx =dt

as x—1,t — 1 and as x—0, t = 0; changing the limits

1l e It _lo1 0y 1
I-Efﬂe dt-E[e]D-E(e -e” ) =>(e-1)

Therefore, fﬂl xe* dx = % (e —1)




2. Find the value nff Ziania

Solution: | —f

2+4x+3

Dividing 5x2 by x? + 4x + 3 we get

5% o 20%+15
X2 +4x+3 X2+4x+3
2 20x+15
| _fl {5 C x214x+3 el
2 20x+15 | 2 1 _c. 2 20x+15
= 7 5 7 20 de = [5x -1, =5 - 1y where 1y = 2 Sy
2 20x+15
L _fl a3y
Let 20x+15 = Ai{xz +4x + 3)+B
20x+15 = A(2x+4) +B
Equating coefficients of x and constant we A=10 and B =-25
20x +15 = 10 (2x+4) -25
I _fz 20x+15 _fz 10(2x+4)—25 _fz 20x+40 _fz 25
1701 x24ax+3 1 x244x43 1 x2yaxqes 1 x?2+4x+3
=10 [ 5—dx- 25 dx

2+4x+3




Let x? + 4x + 3 =t.= (2x+4) dx = dt

2 2x+4 _ c2.di_ > 9 9
[2 2 28 1og)2 = [log (x2 + 4x + 3) |2
=logl5-log 8 ..ccoovevveeeee (1)
2 1 2 1 2 1
fl X2+4X+3dx ! x2+4x+4—1dx ! (x+2]2—1dx
[ |x+2 1” [ |x+1|] _ |2+1
X+2+1 x+3ll; 2+3
2 1 1 3| 1 1
fl X2+4X+3dx =3 log |§| -7 log |£| .................................... (2)

Substituting (1) and (2) in I4
1 3] 1 1
[ =10(logl5 - log 8) - 25 {Elog |§| -Elog |§| )
25 25 25
= 10log 3 +10log5 - 30log2 - > log3 + log5 - oy log2
45 5 85

=5 log5 - S log3 - ?Iogl

Substituting I; in |

45 5 85
=5 - > log5 + log3 + ;IogZ

Therefore, f dx=5- 4?5 log5 +-z log3 + %Slogz

xE+4x+3

1+1
1+3




2x
1+x

3. Find [ sin™'—— dx

2x
1= dx
14x

- N
Solution: Let | = sin
Put x= tanf =dx = sec?6 d 6

Whenx=0 ,8=0andx=1,60 = E

I =J‘ﬂE sin™1 ( 2tan? ) sec’0df = fﬂz sin"1(sin20) sec?’6d @

1+tan?6
_ (3 2046 =2 30 sec?
=[#260sec’0dO=2[26sec’0db

Taking 8 as first function and sec28 as second function and integrating by parts,

L T

1=2 (6 tan ) g- Jgl.tan6d 6 =2 (E tang -0)-2[log cosx]g

m 1
=" 2“DEE -logl)

1 ., 1 2x w 1 =
Therefore, fﬂ sin 11+ 5 dx:E-Ing£=E+log2
xd
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