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A random variable X follows Poisson distribution with parameter 𝜆 

X~ poissn(λ) 

The pmf of the random variable X is given by 

f x =  
e−λ  λx  

 x!
 , x = 0(1)∞ 

PROPERTIES: 

4. Recursion relation between the central moments 

solution: 

 f x =  
e−λ  λx  

 x!
 

        ⇒ 
𝑑

𝑑𝜆

e−λ  λx  

 x!
=  

1

x!
 e−λ( x  λx−1 −  λx )  

⇒ 
𝑑

𝑑𝜆

e−λ  λx  

 x!
=

1

x!
 e−λ   λx   

𝑥

𝜆
− 1  

 ⇒  
𝑑

𝑑𝜆

e−λ  λx  

 x!
= f(x)   

𝑥

𝜆
− 1  

 ⇒  
𝑑

𝑑𝜆

e−λ  λx  

 x!
= f(x)   

𝑥 − 𝜆

𝜆
  

 

 



 

 

The rth order central moment  

        𝜇𝑟 = 𝐸(𝑋 − 𝜆)𝑟  

       
𝑑

𝑑𝜆
𝜇𝑟 =  

𝑑

𝑑𝜆
 𝑓(𝑥)∞
𝑥=0 (𝑥 − 𝜆)𝑟  

        ⇒
𝑑

𝑑𝜆
𝜇𝑟 =   −𝑟∞

𝑥=0  𝑥 − 𝜆 𝑟−1𝑓 𝑥 +
1

𝜆
   𝑥 − 𝜆 𝑟+1𝑓 𝑥 ∞

𝑥=0  

        ⇒
𝑑

𝑑𝜆
𝜇𝑟 =  −𝑟 𝜇𝑟−1 +  

1

𝜆
 𝜇𝑟+1    

 Taking r = 2, 

 
𝑑

𝑑𝜆
𝜇2 =  −𝑟 𝜇1 +  

1

𝜆
 𝜇3     

         ⇒ 𝜇3 =  𝜆 

 So 𝛾1 =  
𝜇3

𝜇2

3
2

 = 
1

 𝜆
 > 0 which implies Poisson distribution is positively 

skewed distribution. 

      

 5. Mean deviation about mean 

 𝐸( 𝑋 −  𝜆 ) 

 =    𝑥 −  𝜆 𝑓(𝑥)∞
𝑥=𝑘+1               𝑤ℎ𝑒𝑟𝑒 𝑘 = [ 𝜆] 

 =    𝑥 −  𝜆 
e−λ  λx  

 x!
 ∞

𝑥=𝑘+1  

         =   {
e−λ  λx  

 (x−1)!
− 

e−λ  λx +1  

 x!
 ∞

𝑥=𝑘+1 }  ……………….(1) 



 

         𝐷𝑒𝑓𝑖𝑛𝑒 𝛾𝑥 =
e−λ  λx  

 (x−1)!
 ⇒  𝛾𝑥+1 =

e−λ  λx +1  

 x!
  

 From (1),    (𝛾𝑥 − 𝛾𝑥+1) ∞
𝑥=𝑘+1 =  𝛾𝑘+1 

                                                       =  
e−λ  λk+1  

 k!
 

 

6.        Mode of Poission distribution 

  Using the relation 𝑓 𝑥 ≥ 𝑓(𝑥 + 1) 

                                     ⇒ 
e−λ  λx   

 x!
 ≥  

e−λ  λx +1  

 (x+1)!
 

                                     ⇒ 𝑥 + 1 ≥  λ 

    ⇒ 𝑥 ≥  λ − 1 

 Using the relation 𝑓 𝑥 ≥ 𝑓(𝑥 − 1) 

                                     ⇒ 
e−λ  λx   

 x!
 ≥  

e−λ  λx−1  

 (x−1)!
 

                                     ⇒ 𝑥 ≤  λ 

 Case 1: When the distribution is unimodal and mode at X=k 

 𝑓 0 < 𝑓 1 <   …… < 𝑓 𝑘 − 1 < 𝑓 𝑘 > 𝑓 𝑘 + 1 > 𝑓 𝑘 + 2 >  …. 

 Here mode is at X = [λ] 

 

 

 



 

 

 

 Case 2: When the distribution is bimodal and mode at X=k-1 and 

X=k 

 𝑓 0 < 𝑓 1 <   …… < 𝑓 𝑘 − 1 = 𝑓 𝑘 > 𝑓 𝑘 + 1 > 𝑓 𝑘 + 2 >  …. 

 Here mode is at X = λ − 1 and X =  λ. 
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