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INTRODUCTION

Differential Calculus is based on the concept of the derivative. The original motivation

for the derivative was the problem of defining tangent lines to the graphs of functions

and calculating the slope of such lines. Integral Calculus is motivated by the problem of

defining and calculating the area of the region bounded by the graph of the functions.

The development of integral calculus arises out of the efforts of solving the problems

of the following type

a) The problem of finding a function whenever its derivative is given

b) The problem of finding the area bounded by the graph of a function under certain

conditions.



Integration 

➢ Integration is the inverse process of differentiation. Instead of differentiating a 
function, we are given the derivatives of a function and asked to find its primitive , 
i.e., the original function. Such a process is called integration or anti-differentiation.

➢ For example sin x ′ = cos x . This implies, anti derivative of cosx = sinx.

➢ Antiderivative of x2 = 
x3

3
as 

x3

3

′

= x2.

But antiderivative of x2 can be  
x3

3
+ 5 as 

x3

3
+ 5

′

= x2.

But antiderivative of x2can be  
x3

3
+ 2 as 

x3

3
+ 2

′

= x2.

➢ So antiderivative of x2 is not a unique function . It can be any member of family of 

function  
x3

3
+ C as 

x3

3
+ C

′

= x2.



Theorem 1 

Theorem: If f1 & f2 are two antiderivatives of a function f(x) on [a,b] , then difference

between them is constant.

Proof: Let f1 & f2 are two antiderivatives of a function f(x).

So f1
′ x = f2

′ x = f x .

f1
′ x − f2

′ x = 0.

( f1-f2 )′(x) = 0.

This implies f1(x) - f2 (x) = Constant



Indefinite Integral

➢ If φ x is antiderivative of f(x) then φ x + C is the indefinite integration of f(x)

and is denoted by

׬ f x dx = φ x + C, Here C is called constant of integration.

f(x) is called integrand while φ x is called anti-derivative or

primitive of f(x) with respect to x.

➢ Sign of integration is represented by ׬" ".



׬ f x dx geometrically denotes family of curves all satisfying some common property

such that the slope of tangent drawn to these curves at some x = x0 is same .

Geometrical Interpretation  of indefinite Integration



Geometrical Interpretation  of indefinite Integration



Formulae 

➢ ׬ xndx =
xn+1

n+1
+ C

➢ ׬
1

x
dx = ln x + C

➢ ׬ axdx =
ax

lna
+ C

➢ ׬ exdx = ex + C

➢ ׬ sinx dx = − cosx + C

➢ ׬ cosx dx = sinx + C

➢ ׬ sec2x dx = tanx + C



Formulae 

➢ ׬ cosecx cotx dx = −cosecx + C

➢ ׬ secx tanx dx = secx + C

➢ ׬ cosec2x dx = −cotx + C

➢ ׬
1

1−x2
dx = sin−1 x + C

➢ ׬
1

x x2−1
dx = sec−1 x + C

➢ ׬
1

x2+1
dx = tan−1 x + C



Algebra of Integration

➢ f1(x))׬ ± f2(x)) dx = ׬ f1 x dx ± ׬ f2 x dx .

➢ ׬ af x dx = a׬ f x dx ; a is a constant .

➢ If  ׬ f x dx = φ x + C . Then  ׬ f ax + b =
1

a
φ ax + b + C.

➢
d

dx
׬) f x dx) = f x .

➢ ׬
d

dx
f x dx = f x + C.



Question

Write antiderivative for each of the following functions using the

method of inspection (i) cos 2𝑥 (ii) 3𝑥2+4𝑥3 (iii)1
𝑥

, 𝑥 ≠ 0.

[NCERT]



Question

න
1 − sinx

cos2x
dx

[NCERT]



Question

න2lnx dx



Question

න2log4 x dx



Evaluate: ׬ 𝑒𝑥log 𝑎 + 𝑒𝑎log 𝑥 + 𝑒𝑎log 𝑎𝑑𝑥

Question



Evaluate : ׬ sin−1(cos 𝑥)𝑑𝑥Evaluate : ׬ sin−1(cos 𝑥)𝑑𝑥

Question



Question

න(1 − x) x dx

[NCERT]



Question

න 1 + sin2x dx



Question

නamxbnx dx



Question

න
1 + 2𝑥2

(1 + 𝑥2)𝑥2
dx



Question

නcos3x cos5x dx



Question

න
e3x + e5x

ex + e−x
dx



Question

න
1

1 − 9x2
dx



Question

නtan2x dx



Integration by Substitution

➢ The given Integral ׬ f x dx can be transformed into another form by changing the

independent variable x to t by substituting x = g(t).

➢ Consider I = ׬ f x dx .

Put x = g(t) so dx = g′ t dt.

Thus I = ׬ f x dx = ׬ f g(t) g′ t dt .



Question

𝑓]׬ 𝑥 ]𝑛𝑓′(𝑥) dx
[NCERT]



Question

׬
𝑓′(𝑥)

[𝑓 𝑥 ]𝑛
dx

[NCERT]



Question

׬
sinx

sin(x+a)
dx

[NCERT]



׬ (𝑥 + 1)(𝑥 + 2)7(𝑥 + 3)𝑑𝑥 is equal to

Question



Evaluate: ׬ 𝑥3sin 𝑥4𝑑𝑥

Question



Question

Evaluate : ׬ 𝑥 1 + 𝑥2𝑑𝑥



඲
𝑥3𝑑𝑥

1 + 𝑥8

Question



׬
𝑑𝑥

(𝑥+1) 4𝑥+3
is equal to

Question



඲
𝑒𝑥−1 + 𝑥𝑒−1

𝑒𝑥 + 𝑥𝑒
𝑑𝑥

Question



Question

න
1

9x2 + 16
dx



Question

׬
10𝑥9+10𝑥 log𝑒 10

𝑥10+10𝑥
dx [NCERT]



Question

׬
1

sin2x cos2x
dx [NCERT]



Question

න
sin(tan−1 x)

1 + x2
dx

[NCERT]



Question

׬
1

(ax+b)+ ax+b
dx



Question

න
dx

(2x − 7) (x − 3)(x − 4)



Question

න
tan(lnx)

x
dx



Question

න
xcosx

(xsinx + cosx)2
dx



Question

නsecx ln(secx + tanx) dx



The integral ׬
𝑑𝑥

(𝑥+4)8/7(𝑥−3)6/7
is equal to: [Jan. 9, 2020(I)]

Question



Question

න
ln2(secx)

cotx
dx



Question

න
sin3x

(cos4x + 3cos2x + 1) tan−1(secx + cosx)
dx



Question

න
ln2

x
x + 1

x(x + 1)
dx



Question

න
x + ex sinx + cosx + sinxcosx

(x2 + 2exsinx − cos2x)2
dx



Question

f x = න
2x

(x2 + 1)(x2 + 2)
dx . If f 3 =

1

2
(ln5 − ln6) ,then f(4) is equal to

[JEE Mains 2023]



Question

න
ex

4 + e2x
dx



Integration by trigonometric identities 

It is useful to properly transform the integrand and then take advantage of the basic

table of integration formulae.



Formulae 

➢ ׬ tanx dx = ln secx + C

➢ ׬ cotx dx = ln sinx + C.

➢ ׬ secx dx = ln secx + tanx + C or ln |tan(
π

4
+
x

2
)| + C.

➢ ׬ cosecx dx = ln cosecx − cotx + C or ln |tan
x

2
|+ C.



Question

න
tan(lnx)

𝑥
dx



Question

න
1

3 cosx + sinx
dx



Question

න
1

secx + cosecx
dx



Question

න
sinx

cos3x
dx



Question

න
1 − sinx

cosx
dx



Question

׬
cos2x−cos2α dx

(cosx−cosα)

[JEE Advance]



Question

׬
sin8x−cos8x dx

1−2sin2x cos2x

[JEE Advance]



Question

නcos4x dx



Question

න
cos5x + cos4x

1 − 2cos3x
dx



׬
𝑥2+sin2 𝑥 sec2 𝑥

1+𝑥2
𝑑𝑥

Question



නtan (x − 𝛼) tan( x + 𝛼) 𝑡𝑎n2x 𝑑x

Question



Question

x + log |cos(x −
π

4
)| + C

x − log |cos(x −
π

4
)| + C

x + log |sin(x −
π

4
)| + C

x + log |sin(x −
π

4
)| + C

A

B

C

D

The value of 2඲
sinx

sin x−
π

4

dx equals

[AIEEE 2008]



Question

loge
tan

x
2
+

π
12

tan
x
2
+
π
6

+ CA B

The integral ׬
1−

1

3
(cosx−sinx)

1+
2

3
sin2x

dx equal to

[JEE Main 2022]

1

2
loge

tan
x
2
−

π
12

tan
x
2
−
π
6

+ C

1

2
loge

tan
x
2
+
π
6

x
2
+
π
3

+ C

C Dloge
tan

x
2
+
π
6

tan
x
2
+

π
12

+ C



Question

(1,1 + tanθ)
(−1,1 − tanθ)
(−1,1 + tanθ)
(1,1 − tanθ)

A

B

C

D

׬
dθ

cos2 θ(tan 2θ+sec 2θ)
= λtan θ + 2loge |f(θ)| + C where C is a constant of

integration, then the ordered pair (λ, f(θ)) is equal to:
[JEE Mains 2020]



Question

1

2
sin (2x − 1)2+5 + C

1

2
cos (2x + 1)2+5 + C

1

2
sin (2x + 1)2+5 + C

1

2
cos (2x − 1)2+5 + C

A

B

C

D

The integral ׬ (2x−1)cos (2x−1)2+5

4x2−4x+6
dx is equal to (where c is a constant of

integration)

[JEE Mains 2021]



Question

8

–2

4

6

A

B

C

D

If ׬
cosxdx

sin3x 1+sin6x 2/3 = f(x) 1 + sin6x 1/λ + c where c is a constant of

integration, then λf
π

3
is equal to :

[JEE Mains 2020]



Formulae 

➢ ׬
𝑑𝑥

𝑎2−𝑥2
= sin−1

𝑥

𝑎
+ C

➢ ׬
𝑑𝑥

𝑥2+𝑎2
= ln|(𝑥 + 𝑥2 +𝑎2)|+ C

➢ ׬
𝑑𝑥

𝑥2−𝑎2
= ln|(𝑥 + 𝑥2 −𝑎2)|+ C

➢ ׬
𝑑𝑥

𝑥2−𝑎2
= 

1

2𝑎
ln

𝑥−𝑎

𝑥+𝑎
+ 𝐶

➢ ׬
𝑑𝑥

𝑎2−𝑥2
= 

1

2𝑎
ln

𝑥+𝑎

𝑎−𝑥
+ 𝐶



Question

׬ .1.1
1

x2−16
dx ׬ .2 1

2x−x2
dx

2. [NCERT]



Standard Substitution

➢ For terms of the form x2+a2 or x2+a2 , put x = a tanθ or  x = a cotθ.

➢ For terms of the form x2 − a2 or x2−a2 , put x = a secθ or   x = a cosecθ.

➢ For terms of the form a2-x2 or a2 − x2 , put x = a sinθ or  x = a cosθ.



Question

න
1

a2ex + b2e−x
dx



Question

න
ex

5 + 4ex − e2x
dx



Question

න
x

x2 − a2 (b2 − x2)
dx



Question

න
1

(x2 + 4) 4x2 + 1
dx



Question

׬
1

3x2+13x−10
dx

[NCERT]



Question

නcos{2 cot−1
1 − x

1 + x
} dx



׬ sec3 𝑥𝑑𝑥 is equal to

Question



Question

2sinθ + 1

5(sinθ + 3)
2sinθ + 1

sinθ + 3
5(2sinθ + 1)

sinθ + 3
5(sinθ + 3)

2sinθ + 1

A

B

C

D

If ׬
cos θ

5+7sin θ−2cos2 θ
dθ = Aloge |B(θ)| + C where C is a constant of

integration, then B(θ)

A
can be:

[JEE Mains 2020]



Integration by parts

➢
d

dx
f x g x = f(x)g′ x + g x f′(x)

➢ ∴ ׬ f x g′ x dx = f x g x − ׬ g x f ′ x dx

➢ “The integral of the product of two functions = (first function)×(integral of the 

second function) – Integral of [differential coefficient of the first function)×(integral 

of the first function)]”.

➢ Selection of first and second function is given by ‘ILATE Rule’.



Remarks

➢ It is worth mentioning that integration by part is not applicable to product of 

function in all cases. For example x sin x. The reason is that there does not exist 

any function whose derivative  is x sin x .

➢ Observe that while finding the integral of second function, we did not add any 

constant of integration. This shows that adding a constant to the integral of the 

second function is superfluous so far as final result is concerned while applying the 

method of integration by parts.

➢ For the integration of logarithm or inverse trigonometric function alone ,take 

unity(1) as a second function.



Question

න ln xdx



Question

න𝑥 𝑡𝑎𝑛−1𝑥dx



Question

׬ exsinx dx

[NCERT]



Question

׬ sin(logx) dx



Question

׬ x2e3xdx



Question

න(sin−1 x)2 dx

[NCERT]



Integration By Cancellation

න 3x2tan
1

x
− xsec2

1

x
dx

Use integration by part only on  3׬x2tan
1

x
dx ,

We get   ׬ 3x2tan
1

x
− xsec2

1

x
dx = x3tan

1

x
+ C



Integral by use of Partial fraction



Question


dx

(x+1)(x+2)



Question


1

6x𝟐−5x+1
dx



Question


7x−4

(x−1)𝟐(x+2)
dx



Question


2x𝟐+x+1

(x+3)(x−2)𝟐
dx



Question


x+3

(x−1)(x𝟐+1)
dx



Formulae 

➢ ׬ (a2 − x2) dx =
x a2−x2

2
+ 
a2 sin−1

x

a

2
+ C

➢ ׬ (a2 + x2) dx =
x a2+x2

2
+ 
a2

2
ln x + x2 + a2 + C

➢ ׬ (x2 − a2) dx =
x (x2−a2)

2
-
a2

2
ln x + x2 − a2 + C



Question

න x2 + 2x + 5dx

[NCERT]



Question

׬ 3 − x2 − 2xdx

[NCERT]



Formulae 

׬
Linear polynomial

Quadratic polynomial
, ׬

Linear polynomial

Quadratic polynomial
or

න(Linear polynomial) (Quadratic polynomial)

Write Linear polynomial = A
d

dx
(Quadratic Polynomial) + B.



Integral of Algebraic function: f(
Ax+b

A𝒙𝟐+𝒃x+c
)



Question


x+1

x𝟐+3x+12
dx



Integral of Algebraic function: f(
Ax+b

A𝒙𝟐+𝒃x+c
)



Question


2x+5

x𝟐−2x+10
dx



Integral of Algebraic function: f(𝒂𝒙 + 𝒃) 𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄



Question

Evaluate  (3x-2) 2x𝟐−x+1 dx



Question

Evaluate  (6x+5) 6−2x𝟐+x dx




(px+q)

ax+b
dx (or) 

ax+b
px+q

dx (or)  (px+q) ax+b dx (or) 
1

(px+q) ax+b
dx



Question

1

(x+5) x+4
dx



Question

න
3x + 1

2x2 − 2x + 3
dx



Question

න
3x + 1

x2 + 4x + 1
dx



Question

න(2x − 5) 2 + 3x − x2dx





By-Faculty name 

Subject Name - Mathematics

PPT No.- 02/03

Chapter Name – Indefinite Integration

Class - 12th JEE



Sr. No. TOPICS

1. Integration By Part

2. Integration of Trigonometric Function

3. Integration of Rational Function

PPT CONTENT



Integration by Part



Two Classic Integral

➢ ׬ ex f x + f ′ x dx = exf x + C

➢ ׬ f x + xf ′ x dx = xf x + C



Question

නex
x2 + 1

(x + 1)2
dx



Question

නex
x2

(x + 2)2
dx



Question

න sin lnx + cos(lnx) dx



Question

׬
ln x − 1

ln2 x + 1

2

dx



If ׬ 𝑥6 + 7𝑥5 + 6𝑥4 + 5𝑥3 + 4𝑥2 + 3𝑥 + 1 𝑒𝑥𝑑𝑥 is equal to 
∑𝑘=1
𝛼 𝛽𝑥𝑘 ⋅ 𝑒𝑥 + 𝐶 (Where 𝑐 is constant of integration) then (𝛼 + 𝛽)

is

Question



Formulae 

➢ ׬ eg(x) f x g′ x + f ′ x dx = eg(x)f x + C



Question

නetanx xsec2x + sin2x dx



Question

׬ ecot(x)(cos(x) − cosec(x))dx



Question

නex
2

2 −
1

x2
dx



Question

නe(xsinx+cosx) cos2x −
xsinx + cosx

x2
dx



Question

xex+x
−1
+ C

(x+1) ex+x
−1
+ C

ex+x
−1

x − 1 + C

−xex+x
−1
+ C

A

B

C

D

The value of ධ ex+x
−1
(1 + x − x−1)dx equals

[JEE MAINS 2014]



Integral of Trigonometric Function

Type 1 : Substitution for trigonometric function of the form ׬ sinmxcosnx dx where 

m, n ∈ N.
1. m and n both are odd.

I = ׬ sin7 x cos3x dx

Put sinx = t , cosxdx = dt.
I = ׬ t7(1 − t2)dt.

I =
sin8 x

8
−

sin10x

10
+C

2. One is odd while another is even.
For example I = ׬ sin4 x cos3x dx

Put sinx = t and cosx dx = dt.
I = ׬ t4(1 − t2)dt.



Integral of Trigonometric Function

3. When m and n both are even.
I = ׬ sin4 x cos6x dx

I = 4(sinxcosx)׬ cos2 x dx

I =
1

25
׬ sin42x 1 + cos2x dx

4. When m+ n is negative even integer.
Put tanx = t & sec2x dx = dt.



Question

න
cos3x

sin4x
dx



If 𝐼𝑚,𝑛 = ׬ (sin 𝑥)𝑚(cos 𝑥)𝑛𝑑𝑥 then prove that

𝐼𝑚,𝑛 =
(sin 𝑥)𝑚+1(cos 𝑥)𝑛−1

𝑚 + 𝑛
+
𝑛 − 1

𝑚 + 𝑛
⋅ 𝐼𝑚,𝑛−2

Question



Question

නsin5x cos4x dx



න( si n 𝑥) Τ1 3(co s 𝑥)− Τ7 3𝑑𝑥

Question



The integral ׬ sec2/3 𝑥cosec4/3 𝑥𝑑𝑥 is equal to: 

Question



Question

න
tanx

sin2x
dx



Question

න
1

cos3x sin5x
dx



Integral of Trigonometric Function

Type 2 :

1. ׬
asinx+b

(a+bsinx)2
dx Multiply Numerator and denominator by sec2x.

2. ׬
acosx+b

(a+bcosx)2
dx Multiply Numerator and denominator by cosec2x.



Integral of Trigonometric Function

Type 3 :

න
1

(a + bsin2x)
dx , න

1

(a + bcos2x)
dx or න

dx

a sin2x + bcos2x + csinxcosx

Multiply and divide by sec2x.



The integral ׬
sin2 𝑥cos2 𝑥

sin3 𝑥+cos3 𝑥 2 𝑑𝑥 is equal to:

Question



Question

න
1

cos3x sin5x
dx



Question

න
1

(16 + 9sin2x)
dx



Question

න
1

2 − sin2x
dx



Question

න
1

sin4x + cos4x − sin2x cos2x
dx



Integral of Trigonometric Function

Type 4 :

න
1

(a + bsinx)
dx , න

1

(a + bcosx)
dx or න

dx

asinx + bcosx + c

Convert sine/cosine into half of the tangents.



Question

න
1

1 + sinx + cosx
dx



׬
𝑑𝑥

cos 𝑥+ 3sin 𝑥
equals

Question



න
5ta n 𝑥

tanx − 2
𝑑𝑥

Question



Given, ׬
4𝑒𝑥+6𝑒−𝑥

9𝑒𝑥−4𝑒−𝑥
𝑑𝑥 = 𝐴𝑥 + 𝐵log 9𝑒2𝑥 − 4 + 𝑐

Question



Question

න
1

5 − 13 sinx
dx



Integral of Trigonometric Function

Type 5 :

න
(asinx + bcosx + c)

(psinx + qcosx + r)
dx ,

Numerator = A(Denominator) +B 
d

dx
(Denominator) + C.



Question

න
2cosx + 3sinx + 4

3sinx + 4 cosx + 5
dx



Integral of Trigonometric Function

Type 6 :

If denominator contains a + sin2x or b + sin2x ,then generate cosx + sinx or cosx

− sinx in the numerator .However if cosx + sinx or cosx − sinx appears in 

denominator and sin2x in numerator ,then manipulate it as sin2x = (sinx + cosx)2-1 

or 1 − (sinx − cosx)2



Question

න
cosx + sinx dx

10 + sin2x



Question

න 1 + sinx cos
x

2
− sin

x

2
dx



Question

׬
cosx−sinx dx

8−sin2x
= a sin−1

sinx+cosx

b
+ C where C is constant of integration,

then the ordered pair (a , b) is equal to
[JEE MAINS 2020]



If 𝑛 ∈ 𝑁 and 𝐼𝑛 = ׬ (log 𝑥)𝑛𝑑𝑥, then 𝐼𝑛 + 𝑛𝐼𝑛−1 is equal to

(log 𝑥)𝑛+1

𝑛+1

𝑥(log 𝑥)𝑛 + 𝐶

(log 𝑥)𝑛−1

(log 𝑥)𝑛

𝑛

Question

A

B

C

D



If 𝐼𝑛 = ׬ 𝑥𝑛 ⋅ 𝑒𝑐𝑥𝑑𝑥 for 𝑛 ≥ 1, then 𝑐 ⋅ 𝐼𝑛 + 𝑛 ⋅ 𝐼𝑛−1 is equal to

𝑥𝑛𝑒𝑐𝑥

𝑥𝑛

𝑒𝑐𝑥

𝑥𝑛 + 𝑒𝑐𝑥

Question

A

B

C

D



Let 𝐼𝑛 = ׬ tan𝑛 𝑥𝑑𝑥(𝑛 > 1). If 𝐼4 + 𝐼6 = 𝑎tan5 𝑥 + 𝑏𝑥5 + 𝐶, 
where 𝐶 is a constant of integration, then the ordered pair 
(𝑎, 𝑏) is equal to (2017 Main)

−
1

5
, 1

1

5
, 0

1

5
, −1

−
1

5
, 0

Question

A

B

C

D
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Integral of Irrational Function

Type 1 :

න
dx

(ax + b) (px + q)

Put px + q = t2.



Question

׬
dx

(2x+1) 4x+3
.



Type 2 :

න
dx

(ax + b) (px2 + qx + r)

Put ax + b =
1

t
.

Integral of Irrational Function



Question

׬
dx

(2x+3) x2+3x+2
.



Type 3 : 

න
dx

(ax2 + bx + c) (px + q)

Put px + q = t2.

Integral of Irrational Function



Question

׬
dx

x2 x+1
.



Question

׬
(x+2)dx

(x2+3x+3) x+1
.



Integral of Irrational Function

Type 4 : 

න
dx

(ax2 + b) (px2 + q)

Put x =
1

t
or the trigonometric substitutions are also helpful.



Question

׬
1 dx

(x2−1) x2+1
.



Question

Let 𝑓 𝑥 = න
1 𝑑𝑥

(3 + 4𝑥2) 4 − 3𝑥2
, 𝑥 <

2

3
. If 𝑓 0 = 0 & 𝑓 1

=
1

𝛼𝛽
tan−1

𝛼

𝛽
, 𝛼, 𝛽 > 0 then 𝛼2 + 𝛽2 is equal to

[JEE Mains 2023]



Integral of Irrational Function

Type 5 :

(1) ׬
x−α

β−x
dx ׬ ,

dx

(x−α)(β−x)
or׬

dx

(x−α) (x−α)(β−x)
where β > α.

Put x = αcos2θ + βsin2θ.

dx = β − α sin2θ dθ.



Type 5 : 

׬ (2)
x−α

x−β
dx ׬ ,

dx

(x−α) (x−α)(x−β)
where β > α.

Put x = αsec2θ − βtan2θ.

dx = 2 α − β tanθ sec2θ dθ.

Integral of Irrational Function



Question

׬
1−x

1+x
dx.



Miscellaneous

Type 1 :

׬
x2+1

x4+kx2+1
dx

Coefficient of x4 and constant term in denominator is same i.e. 1.

Approach: Divide Numerator and Denominator by x2.



Question

׬
x2+1

x4−x2+1
dx.



Evaluate: ׬
1

𝑥4+1
𝑑𝑥

Question



׬
𝑥2 − 1

𝑥4 − 7𝑥2 + 1
𝑑𝑥

Question



If 𝐼 = ׬
𝑒𝑥

𝑒4𝑥+𝑒2𝑥+1
𝑑𝑥 and 𝐽 = ׬

𝑒−𝑥

𝑒−4𝑥+𝑒−2𝑥+1
𝑑𝑥, then for an 

arbitrary constant 𝐶, the value of 𝐽 − 𝐼 is

(a) 
1

2
log

𝑒4𝑥−𝑒2𝑥+1

𝑒4𝑥+𝑒2𝑥+1
+ 𝐶 (b) 

1

2
log

𝑒2𝑥+𝑒𝑥+1

𝑒2𝑥−𝑒𝑥+1
+ 𝐶

(c) 
1

2
log

𝑒2𝑥−𝑒𝑥+1

𝑒2𝑥+𝑒𝑥+1
+ 𝐶 (d) 

1

2
log

𝑒4𝑥+𝑒2𝑥+1

𝑒4𝑥−𝑒2𝑥+1
+ 𝐶

Question



׬
𝑥2−1

𝑥2+1 𝑥4+1
𝑑𝑥 is equal to [2013,2008]

Question



Question

׬
x2+1

(1−x2) 1+x2+x4
dx.



Question

න
x2 + 1

x4 + 1
dx .

[JEE ADVANCE]



Question

For real numbers α, β, γ and δ, if

න

x2 − 1 + tan−1
x2 + 1
x

x4 + 3x2 + 1 tan−1
x2 + 1

x

dx

= αloge tan−1
x2 + 1

x

+βtan−1
γ x2 − 1

x
+ δtan−1

x2 + 1

x
+ C

where C is an arbitrary constant, then the value of 10(α + βγ + δ) is
equal to

[JEE Main 2021]



Miscellaneous

Type 2:

Kutur- putur:-

׬
dx

x(xn+1)
; n ∈ N.

׬
x−(1+n)dx

(x−n+1)
. 

Put x−n + 1 = t and  x− 1+n dx = dt.

Method  2: We can solve these kind of problem by taking x =
1

t
. 



Question

න
dx

x(x5 + 1)



Question

න
dx

x2(x + 1 + x2)
.



Miscellaneous

Type 3:

׬
Q1 x dx

(Q2(x))
2 ׬ ,

Q1 x dx

Q2(x)
׬
Q1 x dx

(Q2(x))
and ׬Q1(x) Q2(x)dx where Q1 x and Q2(x) are 

quadratic polynomial.

Write Q1(x) = α Q2(x) +β
d

dx
(Q2(x)) + γ.



Question

න
(2x2+3x + 4)dx

x2 + 6x + 10
.



Question

න
(x2−3x + 1)dx

( 1 − x2)
.



Miscellaneous

Type 4:
Forcing integrand by parts.

For example ׬
dx

(x4−1)2
.

Solve this problem by multiplying numerator and denominator by 4x3.
Then use integration by part method.



Question

න
x2

(xsinx + cosx)2
dx

[JEE Mains 2020]



Miscellaneous

Type 5 : Expressions of the form xm(a + bxn)p in which where m, n & p are rational 
numbers ,are called binomial differential.
The integral is expressed through elementary functions only in the following situations:
1. If p is a positive integer. Then the integrand is expanded by the  Binomial formula.

2. p is a negative integer. Then put x = tk where k is the l.c.m. of the denominators of 
the fraction m& n.

3.
m+1

n
is an integer . Put (a + bxn)p= tα where α is the denominator of the fraction 

p.

4.
m+1

n
+ p is an integer. We put (a + bxn)p=tαxn , where α is the denominator of the 

fraction p.



Question

න 3 x(2 + x )2dx



Question

නx−11 (1 + x4)
−1
2 dx



Question

න
1

x3
3
(1 + x3)

dx



Question

Let f(x) = ׬
x

(1+x)2
dx(x ≥ 0). Then f(3) − f(1) is equal to:

[JEE Mains 2020]

π

12
+
1

2
−

3

4

−
π

6
+
1

2
+

3

4

−
π

12
+
1

2
+

3

4
π

6
+
1

2
−

3

4

A

B

C

D



Integral By Reduction Formula

The formula in which a certain integral involving some parameters is connected with 

some integrals of lower order is called reduction formula.

In most of case the reduction formula is obtained by the process of integration by 

parts. In some cases the method of differentiation or other special methods are 

adopted.



Integral By Reduction Formula

➢ In = ׬ secnx dx =
secn−2x tanx

n−1
+

n−2

n−1
In−2

➢ In = ׬ tannx dx =
tann−1x

n−1
− In−2

➢ In = ׬ cotnx dx =
cotn−1x

1−n
− In−2



Question

In = න
dx

(x2 + k)n



Question

In = න
sin nx dx

sin x



Question

In = නsinnx dx ; n ∈ N, then 5I4 − 6I6 is equal to



Question

31010I
π

3
− I

π

6
= 0

31010I
π

6
− I

π

3
= 0

31011I
π

3
− I

π

6
= 0

31011I
π

6
− I

π

3
= 0

A

B

C

D

For I(x) = ׬
sec2 x−2022

sin2022 x
dx, if I π

4
= 21011, then

[JEE MAINS 2022]



Challenging Problems



Question

න
secx(2 + secx)

(1 + 2secx)2
dx =

asinx

b + cosx
+C , where C is constant of integration

; a & b are coprime number then find the value of a + b.



Question

න(2𝑥8 + 3𝑥4 + 6)
1
4(𝑥12 + 𝑥8 + 𝑥4)𝑑𝑥 =𝑎 𝑥5(2𝑥8 + 3𝑥4 + 6)

5
4+C , where C is

constant of integration ; find the value of 𝑎.



Question

න sinx cosx−1(cos2x − sin2x ln(sinx))dx is equal to



Question

න
1

x + 3 x
dx

= a x + b 3 x + c 6 x + d ln 6 x + e; e being the constant of integration
then find the value of 2a + b + c + d.



Question

නex
2
(1 + 2x2)dx



Question

න
sec2xdx

(tan101x + tanx)
dx = g x + C where g

π

4

= −
ln2

100
then lim

x→
π
2

g(x) is equal to



Question

න
x + sinx − cosx − 1

x + ex + sinx
dx



Question

න(x6 + x3)
3
x3 + 2dx



Question

න
1

(1 + x)8
dx =

−(1 + x)–α

3
+
2

7
(1 + x)−β+C then α + β is equal to



Question

Find the antiderivatives of the integral f: 0,2 → R,

f x = x3 + 2 − 2 x3 + 1 + x3 + 10 − 6 x3 + 1.



Question

For a positive integer n, compute the integral ׬ xn

1+x+
x2

2!
+ ……..+

xn

n!

dx.



Question

න
x4 + 1

x6 + 1
dx



Question

න
1

(x2 + 1)2
dx



Question

න
x2

(a + bx)2
dx



Question

න
1

cos3x − sin3x
dx



Question

If f(x) = ׬
5x8+7x6

x2+1+2x7 2 dx, (x ≥ 0), f(0) = 0 and f(1) = 1

K
, then the value of K is

[JEE Mains 2021]



Question

׬
1−(cotx)2008

tanx+cot2009x
dx =

1

k
ln sinkx + coskx + C, then find k.



Question

׬
𝑥

𝑥3 − 𝑎3
𝑑𝑥



Question

න
1

x 4 − ln2x
dx = F x + C, then the value of F e − F 1 equals to



Question

න cos2θ ln
cosθ + sinθ

cosθ − sinθ
dθ



Question

න
sin(x − a)

sin(x + a)
dx



Question

I = න x27 6x2 + 5x + 4 x2 + x + 1 6dx = f x + C then f(x) is equal to



Question

Suppose න
1 − 7cos2x

sin7x cos2x
dx =

g(x)

sin7x
+ C then find the value of

g’ 0 + g′′(
π

4
) is equal to



Question

Find integration ׬ dx

(x−3)6/7⋅(x+4)8/7

[JEE Mains 2020]

x − 3

x + 4

1
7

+ c

7
x − 3

x + 4

1
7

+ c

7
x − 3

x + 4

6
7

+ c

7
x + 4

x − 3

6
7

+ c

A

B

C

D



Question

I = න
2x7 + 3x2

x10 − 2x5 + 1
dx =

ax3 + bx8

x10 − 2x5 + 1
+ C then |a + b| is equal to



Question

I

= න
(x − 1)

(x + x + x x) x(x + 1)
dx = 4 tan−1(g x ) + C where C is constant of

Integration, then g2(1) is equal to



Question

I = න
x2 − 1

x3 2x4 − 2x2 + 1
dx is equal to



Question

I = න
x

(7x − 10 − x2)
3
2

dx is equal to



Question

I = න
1

lnx ln lnx
+ ln ln lnx dx = g x + C then find the value of g ee .



Question

I = න
ln x

x3
dx is equal to



Question

I = න
8x43 + 13x38

(x13 + x5 + 1)4
dx is equal to



׬
𝑑𝑥

𝑥2 + 2𝑥 + 2 𝑥2 + 2𝑥 − 4

Question



Evaluate ׬ ( tan 𝑥 + cot 𝑥)𝑑𝑥 (1988)

Question



Question

න(2𝑥8 + 3𝑥4 + 6)
1
4(𝑥12 + 𝑥8 + 𝑥4)𝑑𝑥 =𝑎 𝑥5(2𝑥8 + 3𝑥4 + 6)

5
4+C , where C is

constant of integration ; find the value of 𝑎.



Question

׬
𝑥

𝑥3 − 𝑎3
𝑑𝑥



Question

If ׬ e2x + 2ex − e−x − 1 e ex+e−x dx = g(x)e ex+e−x + c, where c is a constant 
of integration then g(0) is equal to :

[JEE Mains 2020]
e2

1

2

e

A

B

C

D



Question

I = න
ex + e−x − 1

(exsinx + cosx)(cosx − sinx e−x)
dx is equal to



Question

If ׬ sin−1 x

1+x
dx = A(x)tan−1( x) + B(x) + C where C is a constant of 

integration, then the ordered pair (A(x), B(x)) can be

[JEE Mains 2020]
(x + 1,− x)
(x + 1, x)
(x − 1,− x)
(x − 1, x)

A

B

C

D



Question

I = න
1 + x2

(3 − 4 2 x + 4x4)
dx

=
a

x + b
+ c tan−1 x + d + e then a + b + c + d is equal to



Question

න
ex(x − 1)(x − lnx)

x2
dx =

ex(lx + mlnx + n)

x
+ C where C is constant of

integration and l,m, n ∈ N then l − m − n is equal to



Question

I = න sin101x sin99x dx =
sin(100x)(sinx)100

25 k
then k is equal to



Question

I = ඲
ex

e4x + e2x + 1
dx, J = ඲

e−x

e−4x + e−2x + 1
dx

Then, for an arbitrary constant C, the value of J − I equals
[JEE 2008]

1

2
ln

e4x − e2x + 1

e4x + e2x + 1
+ C

1

2
ln

e2x + ex + 1

e2x − ex + 1
+ C

1

2
ln

e2x − ex + 1

e2x + ex + 1
+ C

1

2
ln

e4x + e2x + 1

e4x − e2x + 1
+ C

A

B

C

D



Question

The integral න
sec2𝑥

sec𝑥+tan𝑥 Τ9 2 𝑑𝑥 equals (for some arbitrary constant K)

[JEE 2012]

−
1

(secx + tanx)1/2
1

11
−
1

7
(secx + tanx)2 + K

1

(secx + tanx)1//2
1

11
−
1

7
(secx + tanx)2 + K

−
1

(secx + tanx)1/2
1

11
+
1

7
(secx + tanx)2 + K

1

(secx + tanx)1/2
1

11
+
1

7
(secx + tanx)2 + K

A

B

C

D



Question

The value of න
cos9x + cos6x

2 cos5x − 1
dx = A sin4x + B sinx + C then A + B is equal to

1

2

3

4

2

5

4

A

B

C

D



Summary 

➢ Integration is the inverse process of differentiation. Instead of differentiating a 
function, we are given the derivatives of a function and asked to find its primitive , 
i.e., the original function. Such a process is called integration or anti-differentiation.

➢ If f1 & f2 are two antiderivatives of a function f(x) on [a , b] , then difference 
between them is constant.

➢ ׬ f x dx geometrically denotes family of curves all satisfying some common 

property such that the slope of tangent drawn to these curves at some x = x0 is 
same .



Summary 

1. f1(x))׬ ± f2(x)) dx = ׬ f1 x dx ± ׬ f2 x dx .

2. ׬ af x dx = a׬ f x dx ; a is a constant .

3. If  ׬ f x dx = φ x + C . Then  ׬ f ax + b =
1

a
φ ax + b + C.

4.
d

dx
׬) f x dx) = f x .

5. ׬
d

dx
f x dx = f x + C.



Summary 

➢ ׬ xndx =
xn+1

n+1
+ C

➢ ׬
1

x
dx = ln x + C

➢ ׬ axdx =
ax

lna
+ C

➢ ׬ exdx = ex + C

➢ ׬ sinxdx = cosx + C

➢ ׬ cosxdx = sinx + C

➢ ׬ sec2xdx = tanx + C



Summary 

➢ ׬ cosecx cotx dx = −cosecx + C

➢ ׬ secx tanx dx = secx + C

➢ ׬ cosec2x dx = −cotx + C

➢ ׬
1

1−x2
dx = sin−1 x + C

➢ ׬
1

x x2−1
dx = sec−1 x + C

➢ ׬
1

x2+1
dx = tan−1 x + C



Summary 

➢ It is useful to properly transform the integrand and then take advantage of the
basic table of integration formulae.

➢ ׬ tanx dx = ln secx + C

➢ ׬ cotx dx = ln sinx + C.

➢ ׬ secx dx = ln secx + tanx + C or ln |tan(
π

4
+
x

2
)| + C.

➢ ׬ cosecx dx = ln cosecx − cotx + C or ln |tan
x

2
|+ C.

➢ The given Integral ׬ f x dx can be transformed into another form by changing the

independent variable x to t by substituting x = g(t).



Summary 

➢ ׬
dx

a2−x2
= sin−1

x

a
+ C

➢ ׬
dx

x2+a2
= ln|(x + x2 +a2)|+ C

➢ ׬
dx

x2−a2
= ln|(x + x2 −a2)|+ C

➢ ׬
dx

x2−a2
= 

1

2a
ln

x−a

x+a
+ C

➢ ׬
dx

a2−x2
= 

1

2a
ln

x+a

a−x
+ C

➢ For terms of the form x2+a2 or x2+a2 , put x = a tanθ or  x = a cotθ.

➢ For terms of the form x2 − a2 or x2−a2 , put x = a secθ or x = a cosecθ.

➢ For terms of the form a2-x2 or a2 − x2 , put x = a sinθ or  x = a cosθ.



Summary 

➢ The integral of the product of two functions = (first function)×(integral of the 
second function) – Integral of [differential coefficient of the first function)×(integral 
of the first function)].

Selection of first and second function is given by ‘ILATE Rule’.

➢ It is worth mentioning that integration by part is not applicable to product of 
function in all cases. For example 𝑥 sin 𝑥. The reason is that there does not exist 
any function whose derivative  is 𝑥 sin 𝑥 .

➢ Observe that while finding the integral of second function, we did not add any 
constant of integration. This shows that adding a constant to the integral of the 
second function is superfluous so far as final result is concerned while applying the 
method of integration by parts.



Summary 

➢ For the integration of logarithm or inverse trigonometric function alone ,take 
unity(1) as a second function.

➢ ׬ (a2 − x2) dx =
x a2−x2

2
+ 
a2 sin−1

x

a

2
+ C

➢ ׬ (a2 + x2) dx =
x a2+x2

2
+ 
a2

2
ln x + x2 + a2 + C

➢ ׬ (x2 − a2) dx =
x (x2−a2)

2
-
a2

2
ln x + x2 − a2 + C



Summary 

➢ ׬
Linear polynomial

Quadratic polynomial
,

׬
Linear polynomial

Quadratic polynomial or Linear)׬ polynomial) (Quadratic polynomial)

Write Linear polynomial = A
d

dx
(Quadratic Polynomial) + B.

➢ ׬ ex f x + f ′ x dx = exf x + C

➢ ׬ f x + xf ′ x dx = xf x + C

➢ ׬ eg(x) f x g′ x + f ′ x dx = eg(x)f x + C



Summary 

➢ Substitution for trigonometric function of the form ׬ sinmxcosnx dx where m, n

∈ N.
1) m and n both are odd.

I = ׬ sin7 x cos3x dx

Put sinx = t , cosxdx = dt.
I = ׬ t7(1 − t2)dt.

I =
sin8 x

8
−

sin10x

10
+C

2) One is odd while another is even.
For example I = ׬ sin4 x cos3x dx

Put sinx = t and cosx dx = dt.
I = ׬ t4(1 − t2)dt.



Summary 

3) When m and n both are even.
I = ׬ sin4 x cos6x dx

I = 4(sinxcosx)׬ cos2 x dx

I =
1

25
׬ sin42x 1 + cos2x dx

4) When m+ n is negative even integer. Put tanx = t & sec2x dx = dt.

➢ ׬
asinx+b

(a+bsinx)2
dx Multiply Numerator and denominator by sec2x.

➢ ׬
acosx+b

(a+bcosx)2
dx Multiply Numerator and denominator by cosec2x.



Summary 

➢ ׬
1

(a+bsin2x)
dx , ׬

1

(a+bcos2x)
dx or ׬

dx

a sin2x+bcos2x+csinxcosx

Multiply and divide by sec2x.

➢ ׬
1

(a+bsinx)
dx , ׬

1

(a+bcosx)
dx or ׬

dx

asinx+bcosx+c

Convert sine/cosine into half of the tangents.

➢ ׬
(asinx+bcosx+c)

(psinx+qcosx+r)
dx ,

Numerator = A(Denominator) +B 
d

dx
(Denominator) + C.



Summary 

➢ If denominator contains a + sin2x or b + sin2x ,then generate cosx + sinx or 
cosx − sinx in the numerator .However if cosx + sinx or cosx − sinx appears in 
denominator and sin2x in numerator ,then manipulate it as
sin2x = (sinx + cosx)2-1 or 1 − (sinx − cosx)2



Summary 

➢ The formula in which a certain integral involving some parameters is connected 

with some integrals of lower order is called reduction formula.

➢ In most of case the reduction formula is obtained by the process of integration by 

parts. In some cases the method of differentiation or other special methods are 

adopted.

➢ In = ׬ secnx dx =
secn−2x tanx

n−1
+

n−2

n−1
In−2

➢ In = ׬ tannx dx =
tann−1x

n−1
− In−2

➢ In = ׬ cotnx dx =
cotn−1x

1−n
− In−2



Summary 

➢ Integration of rational function when Degree of Numerator > Degree of 

Denominator is done by using property, Dividend = Divisor × Quotient + 

Remainder.



Summary 

➢ Degree of Numerator  < Degree of Denominator 

1.
p x2+qx+r

(x−a)(x−b)(x−c)

A

(x−a)
+ 

B

(x−b)
+ 

C

(x−c)

2.
p x2+qx+r

(x−a)2(x−c)

A

(x−a)
+ 

B

(x−a)2
+ 

C

(x−b)

3.
p x2+qx+r

(x2+bx+c) (x−a)

A

(x−a)
+ 

Bx+C

(x2+bx+c)
, where (x2 + bx + c) cannot be factorized 

further.



Summary 

➢ ׬
dx

(ax+b) (px+q)
Put px + q = t2.

➢ ׬
dx

(ax+b) (px2+qx+r)
Put ax + b =

1

t
.

➢ ׬
dx

(ax2+bx+c) (px+q)
Put px + q = t2.

➢ ׬
dx

(ax2+b) (px2+q)
Put x =

1

t
or the trigonometric substitutions are also helpful.



Summary 

➢ ׬
x−α

β−x
dx ׬ ,

dx

(x−α)(β−x)
or׬

dx

(x−α) (x−α)(β−x)
where β > α. Put x = αcos2θ

+ βsin2θ. dx = β − α sin2θ dθ.

➢ ׬
x−α

x−β
dx ׬ ,

dx

(x−α) (x−α)(x−β)
where β > α. Put x = αsec2θ − βtan2θ. dx = 2(

)

α

− β tanθ sec2θ dθ.

➢ ׬
x2+1

x4+kx2+1
dx Coefficient of x4 and constant term in denominator is same i.e. 1. 

Approach: Divide Numerator and Denominator by x2.



Summary 

➢ KUTUR- PUTUR:-

׬
dx

x(xn+1)
; n ∈ N.   ׬

x−(1+n)dx

(x−n+1)
.  Put x−n + 1 = t and  x− 1+n dx = dt.

Method  2: We can solve these kind of problem by taking x =
1

t
. 



Summary 

➢ ׬
Q1 x dx

(Q2(x))
2 ׬ ,

Q1 x dx

Q2(x)
׬
Q1 x dx

(Q2(x))
and ׬Q1(x) Q2(x)dx where Q1 x and Q2(x) are 

quadratic polynomial.

Write Q1(x) = α Q2(x) +β
d

dx
(Q2(x)) + γ.

➢ Forcing integrand by parts.

For example ׬
dx

(x4−1)2
.

Solve this problem by multiplying numerator and denominator by 4x3. Then use     
integration by part method.



Summary 

➢ Expressions of the form xm(a + bxn)p in which where m, n & p are rational 
numbers ,are called binomial differential.

➢ The integral is expressed through elementary functions only in the following 
situations:

i. If p is a positive integer. Then the integrand is expanded by the  Binomial formula.

ii. p is a negative integer. Then put x = tk where k is the lcm of the denominators of 
the fraction m& n.

iii.
m+1

n
is an integer . Put (a + bxn)p= tα where α is the denominator of the fraction 

p.

iv.
m+1

n
+ p is an integer. We put (a + bxn)p=tαxn , where α is the denominator of 

the fraction p.




