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CAUCHY RESIDUE THEOREM 

Statement: 

             If 𝑓(𝑧) is analytic inside and on a simple closed curve C, except at a finite number of 

singular points 𝑎1, 𝑎2, … 𝑎𝑛 inside C, then 

 ∫ 𝑓(𝑧)𝑑𝑧 = 2𝜋𝑖 [𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠 𝑜𝑓 𝑓(𝑧)𝑎𝑡 𝑎1, 𝑎2, … 𝑎𝑛]
𝑐

 

Note: Formulae for evaluation of residues 

(i) If 𝑧 = 𝑎 is a simple pole of 𝑓(𝑧) then  

                                    [𝑅𝑒𝑠 𝑓(𝑧), 𝑧 = 𝑎] =  lim
𝑧→𝑎

(𝑧 − 𝑎) 𝑓(𝑧) 

(ii) If 𝑧 = 𝑎 is a pole of order n of 𝑓(𝑧) , then  

                                     [[𝑅𝑒𝑠 𝑓(𝑧)], 𝑧 = 𝑎] =  
1

(𝑛−1)!
𝑙𝑖𝑚
𝑧→𝑎

{
𝑑𝑛−1

𝑑𝑧𝑛−1
[(𝑧 − 𝑎)𝑛𝑓(𝑧)]} 

Example:  Evaluate using Cauchy’s residue theorem, ∫
𝒔𝒊𝒏𝝅𝒛𝟐+𝒄𝒐𝒔𝝅𝒛𝟐

(𝒛−𝟏)(𝒛−𝟐)𝒄
 𝒅𝒛, where C is 

|𝒛| = 𝟑 

Solution:  

                Let 𝑓(𝑧) =  
𝒔𝒊𝒏𝝅𝒛𝟐+𝒄𝒐𝒔𝝅𝒛𝟐

(𝒛−𝟏)(𝒛−𝟐)
 

The poles are given by (𝑧 − 1)(𝑧 − 2) = 0 

⇒ 𝑧 = 1, 2 are poles of order 1. 

Given C is|𝑧| = 3 

∴ Clearly 𝑧 = 1and 𝑧 = 2 lies inside |𝑧| = 3 

To find the residues: 

(i) When 𝑧 = 1 

                    [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=1 = lim
𝑧→1

(𝑧 − 1)𝑓(𝑧) 

                                            =  𝑙𝑖𝑚
𝑧→1

(𝑧 − 1)
𝑐𝑜𝑠𝜋𝑧2+𝑠𝑖𝑛𝜋𝑧2

(𝑧−1)(𝑧−2)
 

                                            = 𝑙𝑖𝑚
𝑧→1

𝑐𝑜𝑠𝜋𝑧2+𝑠𝑖𝑛𝜋𝑧2

(𝑧−2)
 

                                             =
𝑐𝑜𝑠𝜋+𝑠𝑖𝑛𝜋 

−1
 

                                             =
−1+0

−1
= 1 

(ii) When 𝑧 = 2 

                              [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=2 = lim
𝑧→2

(𝑧 − 2)𝑓(𝑧) 
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                                                       =  𝑙𝑖𝑚
𝑧→2

(𝑧 − 2)
𝑐𝑜𝑠𝜋𝑧2+𝑠𝑖𝑛𝜋𝑧2

(𝑧−1)(𝑧−2)
 

                                                       = 𝑙𝑖𝑚
𝑧→2

𝑐𝑜𝑠𝜋𝑧2+𝑠𝑖𝑛𝜋𝑧2

(𝑧−1)
 

                                                        =
𝑐𝑜𝑠4𝜋+𝑠𝑖𝑛4𝜋 

1
 

                                                        =
1+0

1
= 1 

∴ By Cauchy’s Residue theorem 

                                            ∫ 𝑓(𝑧)𝑑𝑧 = 2𝜋𝑖 (𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠)
𝑐

 

                                                        = 2𝜋𝑖 (1 + 1)  = 4𝜋𝑖 

Example:  Evaluate ∫
𝒛𝟐

𝒛𝟐+𝟏𝒄
 𝒅𝒛 where C is |𝒛| = 𝟐 using Cauchy’s residue theorem. 

Solution:  

               Let 𝑓(𝑧) =
𝒛𝟐

𝒛𝟐+𝟏
 

The poles are given by 𝑧2 + 1 = 0 

⇒ 𝑧 =  ±𝑖 are poles of order 1. 

Given C is |𝑧| = 2 

   ∴ Clearly 𝑧 = 𝑖, −𝑖  lies inside |𝑧| = 2 

To find the residue: 

(i)  When 𝑧 = 𝑖 

                            [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=𝑖 = lim
𝑧→𝑖

(𝑧 − 𝑖)
𝑧2

(𝑧+𝑖)(𝑧−𝑖)
 

                                                    =  𝑙𝑖𝑚
𝑧→𝑖

𝑧2

(𝑧+𝑖)
  =

−1

2𝑖
 

(ii) When 𝑧 = −𝑖 

                                [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=−𝑖 = lim
𝑧→−𝑖

(𝑧 + 𝑖)
𝑧2

(𝑧+𝑖)(𝑧−𝑖)
 

                                                          =  𝑙𝑖𝑚
𝑧→−𝑖

𝑧2

(𝑧−𝑖)
 

                                                          =
−1

−2𝑖
=  

1

2𝑖
 

∴ By Cauchy’s Residue theorem 

                                              ∫ 𝑓(𝑧)𝑑𝑧 = 2𝜋𝑖 (𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠)
𝑐

 

                                                                = 2𝜋𝑖 (
−1

2𝑖
+

1

2𝑖
)  = 0 

                                  ∴ ∫
𝑧2

𝑧2+1𝑐
 𝑑𝑧  = 0 
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Example:  Evaluate ∫
(𝒛−𝟏)

(𝒛+𝟏)𝟐(𝒛−𝟐)𝒄
 𝒅𝒛 where C is the circle |𝒛 − 𝒊| = 𝟐 using Cauchy’s 

residue theorem. 

Solution:  

                Let 𝑓(𝑧) =
(𝒛−𝟏)

(𝒛+𝟏)𝟐(𝒛−𝟐)
 

The poles are given by (𝑧 + 1)2(𝑧 − 2) = 0 

                                         ⇒ 𝑧 + 1 = 0; 𝑧 − 2 = 0  

                                         ⇒ 𝑧 = −1 𝑖𝑠 𝑎 𝑝𝑜𝑙𝑒 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟 2 𝑎𝑛𝑑 

                                         ⇒ 𝑧 = 2 is a pole of order 1. 

Given C is |𝑧 − 𝑖| = 2 

When 𝑧 = −1, |𝑧 − 𝑖| =  |−1 − 𝑖| = √2 < 2 

∴ 𝑧 =  −1 lies inside C 

When 𝑧 = 2, |𝑧 − 𝑖| =  |2 − 𝑖| = √5 > 2 

∴ 𝑧 =  −1 lies inside C 

To find the residue for the inside pole: 

                           [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=−1 = 𝑙𝑖𝑚
𝑧→−1

𝑑

𝑑𝑧
[(𝑧 + 1)2𝑓(𝑧)] 

                                                      = 𝑙𝑖𝑚
𝑧→−1

𝑑

𝑑𝑧
[(𝑧 + 1)2 (𝒛−𝟏)

(𝒛+𝟏)𝟐(𝒛−𝟐)
] 

                                                      = 𝑙𝑖𝑚
𝑧→−1

𝑑

𝑑𝑧
(

𝑧−1

𝑧−2
) 

                                                      = 𝑙𝑖𝑚
𝑧→−1

[
(𝑧−2)(1)−(𝑧−1)(1)

(𝑧−2)
]  =  −

1

9
 

∴ By Cauchy’s Residue theorem 

                                       ∫ 𝑓(𝑧)𝑑𝑧 = 2𝜋𝑖 (𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠)
𝑐

 

                                                      = 2𝜋𝑖 (−
1

9
) 

                   ∴ ∫
(𝑧−1)

(𝑧+1)2(𝑧−2)𝑐
 𝑑𝑧 = − 2𝜋𝑖 (

1

9
) 

Example: Evaluate ∫
𝒅𝒛

(𝒛𝟐+𝟒)
𝟐𝒄
 where C is the circle  |𝒛 − 𝒊| = 𝟐 using Cauchy’s residue 

theorem. 

Solution:  

 Let 𝑓(𝑧) =
1

(𝑧2+4)2 

The poles are given by (𝑧2 + 4)2 
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                                        ⇒ 𝑧2 + 4 = 0 

                                        ⇒ 𝑧 = ±2𝑖  are poles of order 2  

Given C is |𝑧 − 𝑖| = 2 

When 𝑧 = 2𝑖, |𝑧 − 𝑖| =  |2𝑖 − 𝑖| = 1 < 2 

∴ 𝑧 =  2𝑖 lies inside C 

When 𝑧 = −2𝑖, |𝑧 − 𝑖| =  |−2𝑖 − 𝑖| = 3 > 2 

∴ 𝑧 =  −2𝑖 lies outside C 

To find the residue for the inside pole 

                               [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=2𝑖 = 𝑙𝑖𝑚
𝑧→2𝑖

𝑑

𝑑𝑧
[(𝑧 − 2𝑖)2𝑓(𝑧)] 

                                                         = 𝑙𝑖𝑚
𝑧→2𝑖

𝑑

𝑑𝑧
[(𝑧 − 2𝑖)2 1

(𝑧−2𝑖)2((𝑧+2𝑖)2)
] 

                                                         = 𝑙𝑖𝑚
𝑧→2𝑖

𝑑

𝑑𝑧
(

1

𝑧+2𝑖
)

2

 

                                                         = 𝑙𝑖𝑚
𝑧→2𝑖

[
−2)

(𝑧+2𝑖)3)
] 

                                                         =  −
2

(4𝑖)3 = −
2

−64𝑖
 =  

1

32𝑖
 

∴ By Cauchy’s Residue theorem 

                                          ∫ 𝑓(𝑧)𝑑𝑧 = 2𝜋𝑖 (𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠)
𝑐

    

                                                              = 2𝜋𝑖 (
1

32𝑖
) 

                                                       ∴
𝑑𝑧

(𝑧2+4)2 =
𝜋

16
 

Example:  Evaluate ∫
𝒆𝒛𝒅𝒛

(𝒛𝟐+𝝅𝟐)
𝟐𝒄
 where C is the circle  |𝒛| = 𝟒 using Cauchy’s residue 

theorem. 

Solution:  

 Let 𝑓(𝑧) =
𝒆𝒛

(𝒛𝟐+𝝅𝟐)
𝟐 

The poles are given by (𝑧2 + 𝜋2)2 = 0 

                                        ⇒ 𝑧2 + 𝜋2 = 0 

                                       ⇒ 𝑧 = ±𝜋𝑖  are poles of order 2  

Given C is |𝑧| = 4 

Clearly  𝑧 = + 𝜋𝑖 , 𝑧 =  𝜋𝑖 lies inside |𝑧| = 4 

To find the residue  

(i) When 𝑧 = + 𝜋𝑖 
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                   [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=𝜋𝑖 = 𝑙𝑖𝑚
𝑧→𝜋𝑖

𝑑

𝑑𝑧
[(𝑧 − 𝜋𝑖)2𝑓(𝑧)] 

                                             = 𝑙𝑖𝑚
𝑧→𝜋𝑖

𝑑

𝑑𝑧
[(𝑧 − 𝜋𝑖)2 𝑒𝑧

(𝑧−𝜋𝑖)2(𝑧+𝜋𝑖)2
] 

                                             = 𝑙𝑖𝑚
𝑧→𝜋𝑖

𝑑

𝑑𝑧
(

𝑒𝑧

(𝑧+𝜋𝑖)2)  

                                              = 𝑙𝑖𝑚
𝑧→𝜋𝑖

[
(𝑧+𝜋𝑖)2𝑒𝑧−2(𝑧+𝜋𝑖)𝑒𝑧)

(𝑧+𝜋𝑖)4)
] 

                                              =  𝑙𝑖𝑚
𝑧→𝜋𝑖

[
(𝑧+𝜋𝑖)𝑒𝑧[𝑧+𝜋𝑖−2]

(𝑧+𝜋𝑖)4
] 

                                              =
𝑒𝜋𝑖(2𝜋𝑖−2)

(2𝜋𝑖)3  

                                              =
𝑒𝜋𝑖(𝜋𝑖−1)

−4𝜋3𝑖
 

                                               =
(𝑐𝑜𝑠𝜋+𝑖𝑠𝑖𝑛𝜋)(1−𝜋𝑖)

4𝜋3𝑖
 

                                                =
(−1+0)(1−𝜋𝑖)

4𝜋3𝑖
 

                                                =
(𝜋𝑖−1)

4𝜋3𝑖
 

(ii) When 𝑧 = − 𝜋𝑖 

                   [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=−𝜋𝑖 = 𝑙𝑖𝑚
𝑧→−𝜋𝑖

𝑑

𝑑𝑧
[(𝑧 + 𝜋𝑖)2𝑓(𝑧)] 

                                              = 𝑙𝑖𝑚
𝑧→−𝜋𝑖

𝑑

𝑑𝑧
[(𝑧 + 𝜋𝑖)2 𝑒𝑧

(𝑧−𝜋𝑖)2(𝑧+𝜋𝑖)2
] 

                                              = 𝑙𝑖𝑚
𝑧→−𝜋𝑖

𝑑

𝑑𝑧
(

𝑒𝑧

(𝑧−𝜋𝑖)2)  

                                            = 𝑙𝑖𝑚
𝑧→−𝜋𝑖

[
(𝑧−𝜋𝑖)2𝑒𝑧−2(𝑧−𝜋𝑖)𝑒𝑧)

(𝑧−𝜋𝑖)4
] 

                                            =  𝑙𝑖𝑚
𝑧→−𝜋𝑖

[
(𝑧−𝜋𝑖)𝑒𝑧[𝑧−𝜋𝑖−2]

(𝑧−𝜋𝑖)4
] 

                                            =
𝑒−𝜋𝑖(−2𝜋𝑖−2)

(−2𝜋𝑖)3  

                                            =
(−2)(𝑐𝑜𝑠𝜋−𝑖𝑠𝑖𝑛𝜋)(𝜋𝑖+1)

8𝜋3𝑖
 

                                            =
−(−1−0)(𝜋𝑖+1)

4𝜋3𝑖
 

                                            =
(1+𝜋𝑖)

4𝜋3𝑖
 

  ∴ By Cauchy’s Residue theorem 

                                    ∫ 𝑓(𝑧)𝑑𝑧 = 2𝜋𝑖 (𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠)
𝑐

 

                                                      = 2𝜋𝑖 [
(𝜋𝑖−1)

4𝜋3𝑖
+

(𝜋𝑖+1)

4𝜋3𝑖
] 

                                                      =
2𝜋𝑖 

4𝜋3𝑖
[2𝜋𝑖 ] =

𝑖

𝜋
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                                                   ∴ ∫
𝑒𝑧𝑑𝑧

(𝑧2+𝜋2)2𝑐
=

𝑖

𝜋
 

Example:  Evaluate ∫
𝒅𝒛

𝒛𝒔𝒊𝒏𝒛𝒄
 where C is the circle  |𝒛| = 𝟏 using Cauchy’s residue 

theorem. 

Solution:  

                    Let 𝑓(𝑧) =
𝟏

𝒛𝒔𝒊𝒏𝒛
 

The poles are given by 𝑧𝑠𝑖𝑛𝑧 = 0 

                             ⇒ 𝑧 [𝑧 −
𝑧3

3!
+

𝑧5

5!
− ⋯ ] = 0 

                            ⇒ 𝑧2 [1 −
𝑧2

3!
+

𝑧4

5!
− ⋯ ] = 0 

                             ⇒ 𝑧 = 0 is a pole of order 2 

Given 𝐶 is |𝑧| = 1 

∴ 𝑧 = 0 lies inside C 

To find the residue for the inside pole 

                                    [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=0 = 𝑙𝑖𝑚
𝑧→0

𝑑

𝑑𝑧
[(𝑧 − 0)2𝑓(𝑧)] 

                                                            = 𝑙𝑖𝑚
𝑧→0

𝑑

𝑑𝑧
[(𝑧)2 1

𝑧𝑠𝑖𝑛𝑧
] 

                                                            = 𝑙𝑖𝑚
𝑧→0

𝑑

𝑑𝑧
(

𝑧

𝑠𝑖𝑛𝑧
) 

                                                            = 𝑙𝑖𝑚
𝑧→0

[
𝑠𝑖𝑛𝑧(1)−𝑧(𝑐𝑜𝑠𝑧)

(𝑠𝑖𝑛𝑧)2
] 

                                                            =
0−0

0
=  [

0

0
]form 

                                                     = 𝑙𝑖𝑚
𝑧→0

𝑐𝑜𝑠𝑧−[𝑧 (−𝑠𝑖𝑛𝑧)+𝑐𝑜𝑠𝑧(1)]

2𝑠𝑖𝑛𝑧𝑐𝑜𝑠𝑧
( by L’ Hospital rule) 

                                                     = 𝑙𝑖𝑚
𝑧→0

𝑐𝑜𝑠𝑧+𝑧𝑠𝑖𝑛𝑧−𝑐𝑜𝑠𝑧

2𝑠𝑖𝑛𝑧𝑐𝑜𝑠𝑧
 

                                                     = 𝑙𝑖𝑚
𝑧→0

𝑧𝑠𝑖𝑛𝑧

2𝑠𝑖𝑛𝑧𝑐𝑜𝑠𝑧
 

                                                     = 𝑙𝑖𝑚
𝑧→0

𝑧

2𝑐𝑜𝑠𝑧
 

                                                     =
0

2
= 0 

∴ By Cauchy’s Residue theorem 

                                            ∫ 𝑓(𝑧)𝑑𝑧 = 2𝜋𝑖 (𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠)
𝑐

 

                                                               = 2𝜋𝑖 [0] 

                                                ∴ ∫
𝑑𝑧

𝑧𝑠𝑖𝑛𝑧𝑐
= 0 
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Example:  Evaluate ∫
𝒅𝒛

𝒛𝟐𝒔𝒊𝒏𝒉𝒛𝒄
 where C is the circle  |𝒛 − 𝟏| = 𝟐 using Cauchy’s residue 

theorem. 

Solution:  

 Let 𝑓(𝑧) =
1

𝑧2𝑠𝑖𝑛ℎ𝑧
 

The poles are given by 𝑧2𝑠𝑖𝑛ℎ𝑧 = 0 

                        ⇒ 𝑧2 = 0 (𝑜𝑟)𝑠𝑖𝑛ℎ𝑧 = 0 

                        ⇒ 𝑧 = 0 𝑜𝑟) 𝑧 =  𝑠𝑖𝑛ℎ−1(0) = 0is a pole of order 1. 

Given C is |𝑧 − 1| = 2 

∴Clearly 𝑧 = 0 lies inside C. 

To find residue for the inside pole at 𝑧 = 0 

                             𝑓(𝑧) =
1

𝑧2𝑠𝑖𝑛ℎ𝑧
 

                                       =
1

𝑧2[𝑧+
𝑧3

3!
+

𝑧5

5!
+⋯ ]

 

                                       =
1

𝑧3[1+
𝑧2

6
+

𝑧4

120
+⋯ ]

 

                                       =  
1

𝑧3
[1 + 𝑢]−1          where   𝑢 = 1 +

𝑧2

6
+ ⋯  

                                       =  
1

𝑧3
[1 − 𝑢 + 𝑢2 − 𝑢3 … ] 

                                       =  
1

𝑧3 [1 − (
𝑧2

6
+

𝑧4

120
+ ⋯ ) + (

𝑧2

6
+

𝑧4

120
+ ⋯ )

2

… ] 

                                       =
1

𝑧3 −  
1

6𝑧
−  

𝑧

120
+ ⋯ 

[𝑅𝑒𝑠 𝑓(𝑧)]𝑧=0 = Coefficient of  
1

𝑧
 in the Laurent’s expansion of 𝑓(𝑧) 

                                   ∴ [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=0 =  −
1

6
 

∴ By Cauchy’s Residue theorem 

                                          ∫ 𝑓(𝑧)𝑑𝑧 = 2𝜋𝑖 (𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠)
𝑐

 

                                                           = 2𝜋𝑖 [−
1

6
] 

                                                ∴ ∫
𝑑𝑧

𝑧2𝑠𝑖𝑛ℎ𝑧𝑐
=

−𝜋𝑖 

3
 

Example: Evaluate ∫
𝒛

𝒄𝒐𝒔𝒛𝒄
 𝒅𝒛 where C is the circle  |𝒛 −

𝝅

𝟐
| =

𝝅

𝟐
 

Solution:  

 Let 𝑓(𝑧) =
𝑧

𝑐𝑜𝑠𝑧
 

The poles are given by 𝑐𝑜𝑠𝑧 = 0 
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⇒ 𝑧 =  (2𝑛 + 1)
𝜋

2
 , 𝑛 = 0, ±1, ±2, … are poles of order 1 

Given C is |𝑧 −
𝜋

2
| =

𝜋

2
 

Here 𝑧 =
𝜋

2
 lies inside the circle and others lies outside. 

                    [𝑅𝑒𝑠 𝑓(𝑧)]
𝑧=

𝜋

2
=  lim

𝑧→
𝜋

2

(𝑧 −
𝜋

2
) 𝑓(𝑧) 

                    [𝑅𝑒𝑠 𝑓(𝑧)]
𝑧=

𝜋

2
=  lim

𝑧→
𝜋

2

(𝑧 −
𝜋

2
)

𝑧

𝑐𝑜𝑠𝑧
 

                                              =
0

0
 (form) 

Using L ‘ Hospital’s rule 

                                         =  lim 
𝑧→

𝜋

2

(𝑧−
𝜋

2
)(1)+𝑧(1)

−𝑠𝑖𝑛𝑧
 

                                        =  lim 
𝑧→

𝜋

2

(𝑧−
𝜋

2
)+𝑧

−𝑠𝑖𝑛𝑧
 

                                         = −
𝜋

2
 

∴ By Cauchy’s Residue theorem 

                                         ∫ 𝑓(𝑧)𝑑𝑧 = 2𝜋𝑖 (𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠)
𝑐

  

                                                           = 2𝜋𝑖 [−
𝜋

2
] 

                                                       ∴ ∫
𝑧

𝑐𝑜𝑠𝑧𝑐
 𝑑𝑧 = −𝜋2𝑖 

Example:  Evaluate∫ 𝒛𝟐𝒆
𝟏

𝒛⁄
𝒄

𝒅𝒛  where C is the unit circle using Cauchy’s residue 

theorem. 

Solution:  

     Let 𝑓(𝑧) = 𝑧2𝑒
1

𝑧⁄  

Here 𝑧 = 0 is the only singular point. 

Given C is |𝑧| = 1 

∴Clearly 𝑧 = 0 lies inside C. 

To find residue of 𝒇(𝒛) 𝒂𝒕 𝒛 = 𝟎 

 We find the Laurent’s series of 𝑓(𝑧) 𝑎𝑏𝑜𝑢𝑡  𝑧 = 0 

                                               ⇒ 𝑓(𝑧) = 𝑧2𝑒
1

𝑧⁄  

                                               ⇒ 𝑧2 [1 +
1

𝑧
+

1

2!𝑧2 + ⋯ ] 

[𝑅𝑒𝑠 𝑓(𝑧)]𝑧=0 = C0efficient of 
1

𝑧
 in the Laurent’s expansion of 𝑓(𝑧) 
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                                                   ∴ [𝑅𝑒𝑠 𝑓(𝑧)]𝑧=0 =  
1

6
 

∴ By Cauchy’s Residue theorem 

                                               ∫ 𝑓(𝑧)𝑑𝑧 = 2𝜋𝑖 (𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠)
𝑐

 

                                                                  = 2𝜋𝑖 [
1

6
] 

                                                          ∴ ∫ 𝑧2𝑒
1

𝑧⁄
𝑐

𝑑𝑧 =
𝜋𝑖 

3
 

 


