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14.1 INTRODUCTION 

In the realm of calculus, integration serves as a powerful tool for finding areas under curves, determining 
volumes of irregular shapes, and solving various real-world problems. Among the arsenal of integration 
techniques, the method of integration by substitution stands out as a versatile and fundamental approach. 
This unit serves as an entry point into understanding the principles and applications of integration by 
substitution. 

14.2OBJECTIVES 

After completing this unit, students will be able to 

1. Understand the concept of substitution and its role in integration. 

2. Learn how to identify appropriate substitutions for different types of integrals. 

3. Master the technique of integration by substitution through step-by-step examples. 

4. Apply integration by substitution to solve a variety of integrals involving trigonometric, 
exponential, and other functions. 

5. Explore advanced applications of integration by substitution in calculus and beyond. 

14.3METHOD OF INTEGRATION BY SUBSTITUTION 

If we have to evaluate an integral of the type ∫ 𝑓{𝜙(𝑥)} ⋅ 𝜙ᇱ(𝑥)𝑑𝑥 then we put 𝜙(𝑥) = 𝑡 and 𝜙ᇱ(𝑥)𝑑𝑥 =

𝑑𝑡. With this substitution, the integrand becomes easily integrable. 

Substitution Method I: When the integrand is of the form 𝑓(𝑎𝑥 + 𝑏), we put (𝑎𝑥 + 𝑏) = 𝑡 and 𝑑𝑥 =
ଵ

௔
𝑑𝑡. 



Substitution Method II: When the integrand is of the form 𝑥௡ିଵ ⋅ 𝑓(𝑥௡), we put 𝑥௡ = 𝑡 and 𝑛𝑥௡ିଵ𝑑𝑥 =

𝑑𝑡. 

Substitution Method III: When the integrand is of the form {𝑓(𝑥)}௡ ⋅ 𝑓ᇱ(𝑥), we put 𝑓(𝑥) = 𝑡 and 
𝑓ᇱ(𝑥)𝑑𝑥 = 𝑑𝑡. 

Substitution Method IV: When the integrand is of the form 
௙ᇲ(௫)

௙(௫)
, we put 𝑓(𝑥) = 𝑡 and 𝑓ᇱ(𝑥)𝑑𝑥 = 𝑑𝑡. 

Example 𝟏: ∫ (𝑎𝑥 + 𝑏)௡𝑑𝑥 =
(௔௫ା௕)೙శభ

௔(௡ାଵ)
+ 𝐶,  where 𝑛 ≠ −1. 

Solution: Putting 𝑎𝑥 + 𝑏 = 𝑡, we get 𝑎𝑑𝑥 = 𝑑𝑡 or 𝑑𝑥 =
ଵ

௔
𝑑𝑡. 

∴ න (𝑎𝑥 + 𝑏)௡𝑑𝑥 =
1

𝑎
න 𝑡௡𝑑𝑡 =

1

𝑎
⋅

𝑡௡ାଵ

(𝑛 + 1)
+ 𝐶 =

(𝑎𝑥 + 𝑏)௡ାଵ

𝑎(𝑛 + 1)
+ 𝐶. 

Example 2: ∫ cos (𝑎𝑥 + 𝑏)𝑑𝑥 =
ଵ

௔
sin (𝑎𝑥 + 𝑏) + 𝐶 

Solution: Put (𝑎𝑥 + 𝑏) = 𝑡 so that 𝑑𝑥 =
ଵ

௔
𝑑𝑡. 

∴ න cos (𝑎𝑥 + 𝑏)𝑑𝑥 =
1

𝑎
න cos 𝑡𝑑𝑡

=
1

𝑎
sin 𝑡 + 𝐶

=
1

𝑎
sin (𝑎𝑥 + 𝑏) + 𝐶.

 

Example 3: ∫ cosecଶ (𝑎𝑥 + 𝑏)𝑑𝑥 = −
ଵ

௔
cot (𝑎𝑥 + 𝑏) + 𝐶 

Solution: Put (𝑎𝑥 + 𝑏) = 𝑡 so that 𝑑𝑥 =
ଵ

௔
𝑑𝑡. 

∴ න cosecଶ (𝑎𝑥 + 𝑏)𝑑𝑥 =
1

𝑎
න cosecଶ 𝑡𝑑𝑡

= −
1

𝑎
cot 𝑡 + 𝐶 = −

1

𝑎
cot (𝑎𝑥 + 𝑏) + 𝐶.

 

Example 4: Evaluate: ∫ (3𝑥 + 5)଻𝑑𝑥 

Solution: Put (3𝑥 + 5) = 𝑡 so that 3𝑑𝑥 = 𝑑𝑡 or 𝑑𝑥 =
ଵ

ଷ
𝑑𝑡. 

∴ න (3𝑥 + 5)଻𝑑𝑥 =
1

3
න 𝑡଻𝑑𝑡 =

1

3
⋅

𝑡଼

8
+ 𝐶 =

(3𝑥 + 5)଼

24
+ 𝐶. 

Example 5: Evaluate∫ (4 − 9𝑥)ହ𝑑𝑥. 

Solution: Put (4 − 9𝑥) = 𝑡 so that −9𝑑𝑥 = 𝑑𝑡 or 𝑑𝑥 = −
ଵ

ଽ
𝑑𝑡. 

∴ න (4 − 9𝑥)ହ𝑑𝑥 = −
1

9
න 𝑡ହ𝑑𝑡 = −

1

9
⋅

𝑡଺

6
+ 𝐶 =

−(4 − 9𝑥)଺

54
+ 𝐶. 

Example 6: Evaluate ∫
ଵ

(ଶିଷ௫)ర
𝑑𝑥 

Solution: Put (2 − 3𝑥) = 𝑡 so that −3𝑑𝑥 = 𝑑𝑡 or 𝑑𝑥 = −
ଵ

ଷ
𝑑𝑡. 



∴ න
1

(2 − 3𝑥)ସ
𝑑𝑥 = −

1

3
න

1

𝑡ସ
𝑑𝑡 = −

1

3
⋅

1

(−3𝑡ଷ)
+ 𝐶 =

1

9(2 − 3𝑥)ଷ
+ 𝐶. 

Example 7: Evaluate∫ √𝑎𝑥 + 𝑏𝑑𝑥 

Solution: Put (𝑎𝑥 + 𝑏) = 𝑡 so that 𝑎𝑑𝑥 = 𝑑𝑡. 

∴ න √𝑎𝑥 + 𝑏𝑑𝑡 =
1

𝑎
න √𝑡𝑑𝑡 =

2

3𝑎
𝑡ଷ/ଶ + 𝐶 =

2(𝑎𝑥 + 𝑏)ଷ/ଶ

3𝑎
+ 𝐶. 

Example 8: Evaluate ∫ cos 2𝑥𝑑𝑥. 

Solution: Put 2𝑥 = 𝑡 so that 2𝑑𝑥 = 𝑑𝑡 or 𝑑𝑥 =
ଵ

ଶ
𝑑𝑡. 

∴ න cos 2𝑥𝑑𝑥 =
1

2
න cos 𝑡𝑑𝑡 =

1

2
sin 𝑡 + 𝐶 =

1

2
sin 2𝑥 + 𝐶.  

Example 9: Evaluate∫ 𝑒(ହ௫ାଷ)𝑑𝑥 

Solution: Put (5𝑥 + 3) = 𝑡 so that 5𝑑𝑥 = 𝑑𝑡 or 𝑑𝑥 =
ଵ

ହ
𝑑𝑡. 

∴ න 𝑒(ହ௫ାଷ)𝑑𝑥 =
1

5
න 𝑒௧𝑑𝑡 =

1

5
⋅ 𝑒௧ + 𝐶 =

1

5
𝑒(ହ௫ାଷ) + 𝐶. 

Example 10: Evaluate∫ secଶ (3𝑥 + 5)𝑑𝑥 

Solution: Put (3𝑥 + 5) = 𝑡 so that 3𝑑𝑥 = 𝑑𝑡 or 𝑑𝑥 =
ଵ

ଷ
𝑑𝑡. 

∴ න secଶ (3𝑥 + 5)𝑑𝑥 =
1

3
න secଶ 𝑡𝑑𝑡 =

1

3
tan 𝑡 + 𝐶

=
1

3
tan (3𝑥 + 5) + 𝐶.

 

Example 11: Evaluate∫ sinଷ 𝑥𝑑𝑥 

Solution: We know that sin 3𝑥 = 3sin 𝑥 − 4sinଷ 𝑥. 

∴ sinଷ 𝑥 =
1

4
(3sin 𝑥 − sin 3𝑥). 

So, ∫ sinଷ 𝑥𝑑𝑥 = ∫ ቀ
ଷ

ସ
sin 𝑥 −

ଵ

ସ
sin 3𝑥ቁ 𝑑𝑥 

=
3

4
න sin 𝑥𝑑𝑥 −

1

4
න sin 3𝑥𝑑𝑥

=
3

4
(−cos 𝑥) −

1

4
⋅

(−cos 3𝑥)

3
+ 𝐶

= −
3

4
cos 𝑥 +

cos 3𝑥

12
+ 𝐶.

 

Example 12: Evaluate∫
୪୭

௫
𝑑𝑥 

Solution: Put log 𝑥 = 𝑡 so that 
ଵ

௫
𝑑𝑥 = 𝑑𝑡. 

∴ න
log 𝑥

𝑥
𝑑𝑥 = න 𝑡𝑑𝑡 =

1

2
𝑡ଶ + 𝐶 =

1

2
(log 𝑥)ଶ + 𝐶.  



Example 13: Evaluate∫
ୱୣୡమ (୪୭୥ ௫)

௫
𝑑𝑥 

Solution: Put log 𝑥 = 𝑡 so that 
ଵ

௫
𝑑𝑥 = 𝑑𝑡. 

∴ න
secଶ (log 𝑥)

𝑥
𝑑𝑥 = න secଶ 𝑡𝑑𝑡 = tan 𝑡 + 𝐶 = tan (log 𝑥) + 𝐶. 

Example 14: Evaluate∫
௘౪౗౤షభ ೣ

(ଵା௫మ)
𝑑𝑥 

Solution: Put tanିଵ 𝑥 = 𝑡 so that 
ଵ

(ଵା௫మ)
𝑑𝑥 = 𝑑𝑡. 

∴ න
𝑒୲ୟ୬షభ ௫

(1 + 𝑥ଶ)
𝑑𝑥 = න 𝑒௧𝑑𝑡 = 𝑒௧ + 𝐶 = 𝑒୲ୟ୬షభ ௫ + 𝐶. 

Example 15: Evaluate ∫
ୱ୧୬ √௫

√௫
𝑑𝑥 

Solution: Put √𝑥 = 𝑡 so that 
ଵ

ଶ
𝑥ିଵ/ଶ𝑑𝑥 = 𝑑𝑡 or 

ଵ

√௫
𝑑𝑥 = 2𝑑𝑡. 

∴ න
sin √𝑥

√𝑥
𝑑𝑥 = 2 න sin 𝑡𝑑𝑡

= 2(−cos 𝑡) + 𝐶 = −2cos 𝑡 + 𝐶 = −2cos √𝑥 + 𝐶.

 

Example 16: Evaluate ∫ cosଷ 𝑥 sin 𝑥 𝑑𝑥 

Solution: Put cos 𝑥 = 𝑡 so that sin 𝑥𝑑𝑥 = −𝑑𝑡. 

∴ න cosଷ 𝑥sin 𝑥𝑑𝑥 = − න 𝑡ଷ𝑑𝑡 = −
𝑡ସ

4
+ 𝐶 = −

1

4
cosସ 𝑥 + 𝐶.  

Example 17: Evaluate ∫ (√sin 𝑥)cos 𝑥 𝑑𝑥 

(ii) Put sin 𝑥 = 𝑡 so that cos 𝑥𝑑𝑥 = 𝑑𝑡. 

∴ න (√sin 𝑥)cos 𝑥𝑑𝑥 = න √𝑡𝑑𝑡 =
2

3
𝑡ଷ/ଶ + 𝐶 =

2

3
(sin 𝑥)ଷ/ଶ + 𝐶.  

Example 18: Evaluate ∫
ୡ୭ୱୣୡమ ௫

(ଵାୡ୭୲ ௫)
𝑑𝑥 

Solution: Put (1 + cot 𝑥) = 𝑡 so that −cosecଶ 𝑥𝑑𝑥 = 𝑑𝑡. 

∴ න
cosecଶ 𝑥

(1 + cot 𝑥)
𝑑𝑥 = − න

1

𝑡
𝑑𝑡

= −log 𝑡 + 𝐶 = −log |(1 + cot 𝑥)| + 𝐶.

 

Example 19: Evaluate∫
ୱ୧୬ ௫

(ଷାସୡ୭  ௫)మ
𝑑𝑥 

Solution: Put (3 + 4cos 𝑥) = 𝑡 so that −4sin 𝑥𝑑𝑥 = 𝑑𝑡. 

∴ න
sin 𝑥

(3 + 4cos 𝑥)ଶ
𝑑𝑥 = −

1

4
න

1

𝑡ଶ
𝑑𝑡 =

1

4𝑡
+ 𝐶 =

1

4(3 + 4cos 𝑥)
+ 𝐶.  

Example 20: Evaluate ∫
ଶ௫

(ଶ௫ାଵ)మ
𝑑𝑥 



Solution: Put (2𝑥 + 1) = 𝑡 so that 2𝑥 = (𝑡 − 1) and 𝑑𝑥 =
ଵ

ଶ
𝑑𝑡. 

∴ න
2𝑥

(2𝑥 + 1)ଶ
𝑑𝑥 =

1

2
න

(𝑡 − 1)

𝑡ଶ
𝑑𝑡

=
1

2
න

1

𝑡
𝑑𝑡 −

1

2
න

1

𝑡ଶ
𝑑𝑡 =

1

2
log |𝑡| +

1

2𝑡
+ 𝐶

=
1

2
log |(2𝑥 + 1)| +

1

2(2𝑥 + 1)
+ 𝐶.

 

Example 21:  Evaluate∫
(ଶାଷ௫)

(ଷିଶ௫)
𝑑𝑥 

Solution: Put (3 − 2𝑥) = 𝑡 so that 𝑥 = ቀ
ଷି௧

ଶ
ቁ and 𝑑𝑥 = −

ଵ

ଶ
𝑑𝑡. 

∴ න
(2 + 3𝑥)

(3 − 2𝑥)
𝑑𝑡 = −

1

2
න

ቂ2 + ቀ
ଽିଷ௧

ଶ
ቁቃ

𝑡
𝑑𝑡 = −

1

4
න

(13 − 3𝑡)

𝑡
𝑑𝑡

=
−13

4
න

1

𝑡
𝑑𝑡 +

3

4
න 𝑑𝑡 = −

13

4
log |𝑡| +

3

4
𝑡 + 𝐶

= −
13

4
log |(3 − 2𝑥)| +

3

4
(3 − 2𝑥) + 𝐶.

 

Example 22: Evaluate∫
ଷ௫మ

(ଵା௫ల)
𝑑𝑥 

Solution: Put 𝑥ଷ = 𝑡 so that 3𝑥ଶ𝑑𝑥 = 𝑑𝑡. 

∴ න
3𝑥ଶ

(1 + 𝑥଺)
𝑑𝑥 = න

𝑑𝑡

(1 + 𝑡ଶ)
= tanିଵ 𝑡 + 𝐶 = tanିଵ 𝑥ଷ + 𝐶.  

Example 23: Evaluate ∫
௫య

(௫మାଵ)య
𝑑𝑥 

Solution: Put (𝑥ଶ + 1) = 𝑡 so that 𝑥ଶ = (𝑡 − 1) and 𝑥𝑑𝑥 =
ଵ

ଶ
𝑑𝑡. 

∴ න
𝑥ଷ

(𝑥ଶ + 1)ଷ
𝑑𝑥 = න

𝑥ଶ ⋅ 𝑥

(𝑥ଶ + 1)ଷ
𝑑𝑥

=
1

2
න

(𝑡 − 1)

𝑡ଷ
𝑑𝑡 =

1

2
න

1

𝑡ଶ
𝑑𝑡 −

1

2
න

1

𝑡ଷ
𝑑𝑡

=
−1

2𝑡
+

1

4𝑡ଶ
+ 𝐶 =

−1

2(𝑥ଶ + 1)
+

1

4(𝑥ଶ + 1)ଶ
+ 𝐶

=
−(1 + 2𝑥ଶ)

4(𝑥ଶ + 1)ଶ
+ 𝐶.

 

Example 24: 
௫ఴ

(ଵି௫య)భ/య
𝑑𝑥 

Solution: Put (1 − 𝑥ଷ) = 𝑡 so that 𝑥ଷ = (1 − 𝑡) and 𝑥ଶ𝑑𝑥 = −
ଵ

ଷ
𝑑𝑡. 



∴ න
𝑥଼

(1 − 𝑥ଷ)ଵ/ଷ
𝑑𝑥 = න

𝑥଺ ⋅ 𝑥ଶ

(1 − 𝑥ଷ)ଵ/ଷ
𝑑𝑥

= −
1

3
න

(1 − 𝑡)ଶ

𝑡ଵ/ଷ
𝑑𝑡 = −

1

3
න

(1 + 𝑡ଶ − 2𝑡)

𝑡ଵ/ଷ
𝑑𝑡

= −
1

3
න 𝑡ିଵ/ଷ𝑑𝑡 −

1

3
න 𝑡ହ/ଷ𝑑𝑡 +

2

3
න 𝑡ଶ/ଷ𝑑𝑡

= −
1

2
𝑡ଶ/ଷ −

1

8
𝑡଼/ଷ +

2

5
𝑡ହ/ଷ + 𝐶

= −
1

2
(1 − 𝑥ଷ)ଶ/ଷ −

1

8
(1 − 𝑥ଷ)଼/ଷ

+
2

5
(1 − 𝑥ଷ)ହ/ଷ + 𝐶.

 

Example 25: Evaluate ∫
ௗ௫

௫⋅√௫లିଵ
. 

Solution: Put 𝑥ଷ = 𝑡 so that 3𝑥ଶ𝑑𝑥 = 𝑑𝑡 or 𝑥ଶ𝑑𝑥 =
ଵ

ଷ
𝑑𝑡. 

∴ න
𝑑𝑥

𝑥 ⋅ √𝑥଺ − 1
= න

𝑥ଶ

𝑥ଷ ⋅ √𝑥଺ − 1
𝑑𝑥 

[multiplying numerator and denominator by 𝑥ଶ ] 

=
1

3
න

1

𝑡√𝑡ଶ − 1
𝑑𝑡 =

1

3
secିଵ 𝑡 + 𝐶 =

1

3
secିଵ 𝑥ଷ + 𝐶. 

Example 26:  Evaluate ∫
ଵ

(√௫ା௫)
𝑑𝑥 

Solution: ∫
ଵ

(√௫ା௫)
𝑑𝑥 = ∫

ଵ

√௫(ଵା√௫)
𝑑𝑥 

Now, put (1 + √𝑥) = 𝑡 so that 
ଵ

√௫
𝑑𝑥 = 2𝑑𝑡. 

∴ න
1

(√𝑥 + 𝑥)
𝑑𝑥 = න

1

√𝑥(1 + √𝑥)
𝑑𝑥

= 2 න
1

𝑡
𝑑𝑡 = 2log |𝑡| + 𝐶 = 2log |(1 + √𝑥)| + 𝐶.

 

Example 27: Evaluate  ∫
(௫ିଵ)

√௫ାସ
𝑑𝑥 

Solution: Put (𝑥 + 4) = 𝑡ଶ so that 𝑥 = (𝑡ଶ − 4) and 𝑑𝑥 = 2𝑡𝑑𝑡. 

∴ න
(𝑥 − 1)

√𝑥 + 4
𝑑𝑥 = 2 න

(𝑡ଶ − 5)𝑡

𝑡
𝑑𝑡

= 2 න 𝑡ଶ𝑑𝑡 − 10 න 𝑑𝑡 =
2𝑡ଷ

3
− 10𝑡 + 𝐶

=
2

3
(𝑥 + 4)ଷ/ଶ − 10(𝑥 + 4)ଵ/ଶ + 𝐶.

 

Example 28: Evaluate  ∫ 𝑥√𝑥 + 2𝑑𝑥 

Solution: Put (𝑥 + 2) = 𝑡ଶ so that 𝑥 = (𝑡ଶ − 2) and 𝑑𝑥 = 2𝑡𝑑𝑡. 



∴ න 𝑥√𝑥 + 2𝑑𝑥 = න (𝑡ଶ − 2)2𝑡ଶ𝑑𝑡 = 2 න 𝑡ସ𝑑𝑡 − 4 න 𝑡ଶ𝑑𝑡

=
2𝑡ହ

5
−

4𝑡ଷ

3
+ 𝐶 =

2(𝑥 + 2)ହ/ଶ

5
−

4(𝑥 + 2)ଷ/ଶ

3
+ 𝐶.

 

Example 29: Evaluate  ∫ (4𝑥 + 2)√𝑥ଶ + 𝑥 + 1𝑑𝑥 

Solution: Put (𝑥ଶ + 𝑥 + 1) = 𝑡 so that (2𝑥 + 1)𝑑𝑥 = 𝑑𝑡. 

∴ න (4𝑥 + 2) ቀඥ𝑥ଶ + 𝑥 + 1ቁ 𝑑𝑥 = 2 න √𝑡𝑑𝑡

=
4

3
𝑡ଷ/ଶ + 𝐶 =

4

3
(𝑥ଶ + 𝑥 + 1)ଷ/ଶ + 𝐶.

 

Example 30: Evaluate   ∫
(ସ௫ାଷ)

√ଶ௫మାଷ௫ାଵ
𝑑𝑥 

Solution: Put (2𝑥ଶ + 3𝑥 + 1) = 𝑡 so that (4𝑥 + 3)𝑑𝑥 = 𝑑𝑡. 

∴ න
(4𝑥 + 3)

√2𝑥ଶ + 3𝑥 + 1
𝑑𝑥 = න

𝑑𝑡

√𝑡
= 2√𝑡 + 𝐶 = 2ඥ2𝑥ଶ + 3𝑥 + 1 + 𝐶.  

Example 31: Evaluate ∫
(𝟐𝒙ା𝟓)

൫𝒙𝟐ା𝟓𝒙ା𝟗൯
𝒅𝒙 

Solution: Put (𝑥ଶ + 5𝑥 + 9) = 𝑡 so that (2𝑥 + 5)𝑑𝑥 = 𝑑𝑡. 

∴ න
(2𝑥 + 5)

(𝑥ଶ + 5𝑥 + 9)
𝑑𝑥 = න

1

𝑡
𝑑𝑡 = log |𝑡| + 𝐶

= log |(𝑥ଶ + 5𝑥 + 9)| + 𝐶.

 

Example 32: Evaluate  ∫
(଺௫ି଻)

(ଷ௫మି଻௫ାହ)మ
𝑑𝑥 

Solution: Put (3𝑥ଶ − 7𝑥 + 5) = 𝑡 so that (6𝑥 − 7)𝑑𝑥 = 𝑑𝑡. 

∴ න
(6𝑥 − 7)

(3𝑥ଶ − 7𝑥 + 5)ଶ
𝑑𝑥 = න

1

𝑡ଶ
𝑑𝑡 = −

1

𝑡
+ 𝐶 =

−1

(3𝑥ଶ − 7𝑥 + 5)
+ 𝐶.  

Example 33: Evaluate  ∫
(ୡ୭ୱ ௫ିୱ୧୬ ௫)

(ୡ୭ୱ ௫ାୱ୧୬ ௫)
𝑑𝑥 

Solution: Put (cos 𝑥 + sin 𝑥) = 𝑡 so that (cos 𝑥 − sin 𝑥)𝑑𝑥 = 𝑑𝑡. 

∴ න
(cos 𝑥 − sin 𝑥)

(cos 𝑥 + sin 𝑥)
𝑑𝑥 = න

1

𝑡
𝑑𝑡

= log |𝑡| + 𝐶 = log |(cos 𝑥 + sin 𝑥)| + 𝐶.

 

Example 34: Evaluate  ∫
ୱୣୡ ௫

୪୭୥ (ୱୣୡ ௫ା୲ୟ୬ ௫)
𝑑𝑥 

Solution: Put log (sec 𝑥 + tan 𝑥) = 𝑡. 
Then, on differentiation, we get 



1

(sec 𝑥 + tan 𝑥)
⋅ (sec 𝑥tan 𝑥 + secଶ 𝑥)𝑑𝑥 = 𝑑𝑡

 or sec 𝑥𝑑𝑥 = 𝑑𝑡

∴ න
sec 𝑥

log (sec 𝑥 + tan 𝑥)
𝑑𝑥 = න

1

𝑡
𝑑𝑡

= log |𝑡| + 𝐶 = log |log (sec 𝑥 + tan 𝑥)| + 𝐶.

 

Example 35: Evaluate ∫
ୱ୧୬ ଶ௫

(௔మୱ୧୬మ ௫ା௕మୡ୭ୱమ ௫)
𝑑𝑥. 

Solution: Put (𝑎ଶsinଶ 𝑥 + 𝑏ଶcosଶ 𝑥) = 𝑡 so that 

2(𝑎ଶ − 𝑏ଶ)sin 𝑥cos 𝑥𝑑𝑥 = 𝑑𝑡 ⇔ sin 2𝑥𝑑𝑥 =
𝑑𝑡

(𝑎ଶ − 𝑏ଶ)
.

∴ 𝐼 = න
sin 2𝑥

(𝑎ଶsinଶ 𝑥 + 𝑏ଶcosଶ 𝑥)
𝑑𝑥 = න

𝑑𝑡

(𝑎ଶ − 𝑏ଶ)𝑡

=
1

(𝑎ଶ − 𝑏ଶ)
log |𝑡| + 𝐶

=
1

(𝑎ଶ − 𝑏ଶ)
log (𝑎ଶsinଶ 𝑥 + 𝑏ଶcosଶ 𝑥) + 𝐶.

 

14.4 LET US SUM UP 

So, in this first unit we have learned about the  

1. the concept of substitution and its role in integration. 

2. how to identify appropriate substitutions for different types of integrals. 

3. the technique of integration by substitution through step-by-step examples. 

4. integration by substitution to solve a variety of integrals involving trigonometric, exponential, and 
other functions. 

5. advanced applications of integration by substitution in calculus and beyond. 

14.5 UNIT END EXERCISE 

14.5.1 Evaluate ∫
ଵ

௖మା௕మ௫మ
𝑑𝑥. 

14.5.2 Evaluate ∫ 𝑒௫ cos 𝑒௫  𝑑𝑥. 

14.5.3 Evaluate ∫ sinଶ 𝑥 cos 𝑥  𝑑𝑥. 

14.5.4 Evaluate ∫
ସ௫య

ଵା௫ఴ
𝑑𝑥. 

14.5.5 Evaluate −∫
ୡ୭ୱషభ ௫

ඥ(ଵି௫మ)
 𝑑𝑥. 

14.5.6 Evaluate ∫ 20ହ௫ 𝑑𝑥. 

14.5.7 Evaluate ∫
௖௢௦௘௖ ௫మ

ଵାୡ୭୲
𝑑𝑥 

14.5.8 Evaluate ∫
ଵ

(ଵା௫మ) ୲ୟ୬షభ ௫
𝑑𝑥. 



14.5.9 Evaluate ∫
௘ೣି௘షೣ

௘ೣା௘షೣ
𝑑𝑥 

14.5.10 Evaluate ∫
ୱ୧୬ ௫ ୡ୭ୱ ௫

௔ ୡ୭ୱమ ௫ା௕ ୱ୧ మ ௫
𝑑𝑥 
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