
Cauchy's theorem:  

If f(z) is analytic function and 𝒇′(𝒛) is continuous at each point within and on a closed curve C 

then   

∫ 𝒇(𝒛)𝒅𝒛
𝑪

= 𝟎 

Evaluate 
𝟏

𝟐𝝅𝒊
∮

𝒆𝒛

𝒛−𝟐
𝒅𝒛

𝑪
   if C is the circle |𝒛| = 𝟏 

Let f(z) =
𝑒𝑧

𝑧−2
 and it is analytic inside and on the given 

circle |𝑧| = 1. For the circle |𝑧| = 1 we have z=2 

outside the circle.  

Hence by Cauchy’s theorem  

∮
𝑒𝑧

𝑧−2
𝑑𝑧

𝐶
= 0 ⇒

1

2𝜋𝑖
∮

𝑒𝑧

𝑧−2
𝑑𝑧

𝐶
= 0       

 
 

Cauchy's integral formula: 

If f(z) is analytic function within and on a simple closed curve C in the domain R and z=a is any 

point within C then   

𝒇(𝒂) =
𝟏

𝟐𝝅𝒊
∮

𝒇(𝒛)

𝒛 − 𝒂
𝒅𝒛

𝑪

 

Evaluate ∮
𝒆𝟑𝒛

𝒛−𝝅𝒊
𝒅𝒛

𝑪
 if C is the circle |𝒛 − 𝟏| = 𝟒 

Let f(z) = 𝑒3𝑧 and it is analytic inside and on the 

given circle |𝑧 − 1| = 4. Again 𝑧 = 𝜋𝑖 is a point 

inside the given circle. Then by Cauchy's integral 

formula, we have  

∮
𝑒3𝑧

𝑧−𝜋𝑖
𝑑𝑧

𝐶
= 2𝜋𝑖 𝑓(𝜋𝑖)  

= 2𝜋𝑖 𝑒3𝜋𝑖    
= 2𝜋𝑖 (𝑐𝑜𝑠 3𝜋 + 𝑖𝑠𝑖𝑛3𝜋)  

= 2𝜋𝑖 (−1 + 0)  

= −2𝜋𝑖   
 

 

 



Evaluate 
𝟏

𝟐𝝅𝒊
∮

𝒆𝒛𝒕

𝒛𝟐+𝟏
𝒅𝒛

𝑪
   if 𝒕 > 𝟎 and C is the circle |𝒛| = 𝟑  

Let f(z) = 𝑒𝑧𝑡 and it is analytic inside and on the given 

circle |𝑧| = 3 . 
Now  

∮
𝑒𝑧𝑡

𝑧2 + 1
𝑑𝑧

𝐶

= ∮
𝑓(𝑧)

(𝑧 + 𝑖)(𝑧 − 𝑖)
𝑑𝑧

𝐶

 

=
1

2𝑖
∮ (

1

𝑧−𝑖
−

1

𝑧+𝑖
) 𝑓(𝑧)𝑑𝑧

𝐶
       

=
1

2𝑖
∮

𝑓(𝑧)

𝑧−𝑖
𝑑𝑧

𝐶
 −

1

2𝑖
∮

𝑓(𝑧)

𝑧+𝑖
𝑑𝑧

𝐶
                    

Since both z=-i and z=i  inside the given circle. Then by 

Cauchy's integral formula, we have 

∮
𝑒𝑧𝑡

𝑧2+1
𝑑𝑧

𝐶
=

1

2𝑖
∮

𝑓(𝑧)

𝑧−𝑖
𝑑𝑧

𝐶
 −

1

2𝑖
∮

𝑓(𝑧)

𝑧+𝑖
𝑑𝑧

𝐶
    

=  
1

2𝑖
2𝜋𝑖 𝑓(𝑖) − 

1

2𝑖
2𝜋𝑖 𝑓(−𝑖)        

=  𝜋 𝑓(𝑖) − 𝜋 𝑓(−𝑖)     

 = 𝜋𝑒𝑖𝑡 − 𝜋𝑒−𝑖𝑡 

= 𝜋(𝑒𝑖𝑡 − 𝑒−𝑖𝑡)  

= 𝜋. 2𝑖 𝑠𝑖𝑛𝑡  

⇒ ∮
𝑒𝑧𝑡

𝑧2+1
𝑑𝑧

𝐶
= 2𝜋𝑖𝑠𝑖𝑛𝑡   

⇒
𝟏

𝟐𝝅𝒊
∮

𝒆𝒛𝒕

𝒛𝟐+𝟏
𝒅𝒛

𝑪
= 𝒔𝒊𝒏𝒕   

 

 

Self exercise:  

 Evaluate ∮
𝑑𝑧

𝑧+5
𝑑𝑧

𝐶
   if C is the circle |𝑧| = 2  

 Evaluate 
1

2𝜋𝑖
∮

𝑧2+1

(𝑧−1)(𝑧−2)
𝑑𝑧

𝐶
   if 𝑡 > 0 and C is the circle |𝑧 − 1| = 2 

 Evaluate ∮
𝑑𝑧

𝑧+1
𝑑𝑧

𝐶
   if C is the circle |𝑧| = 2  

 

 


