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4.   Negative binomial distribution 
 

Let Bernoulli trials are independent and repeated each with probability of success (p) are 

performed until a certain number say “k” of success occur. The random variable of 

interest is the no. of trials needed to observe the “kth” success i.e. “X” is the trial number 

at which the “kth” success is observed them “X” is called negative binomial random 

variable. It is also called “Pascal random variable”.  

A random variable “X” is said to have negative distribution. If its probability function 

can be given as 
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Derivation of negative binomial distribution 

In order to find the expression of the probability that “x-trials” are made achieve “k-

successes” with the condition that the last trial must be success in exactly “x” 

independent trials with the condition that it end with success such that  
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Since therefore the last trial must be a success therefore the total number of mutually 

exclusive ways in which (k-1) success and (x-k) failure preceding the last success can 

occurs in any order is given by 
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C then the formula for the probability of the kth success 

occurs of the xth trial given as 
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Show that total probability of negative binomial distribution is one 

Proof: Let by definition  
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Derive m.g.f of negative binomial distribution and use it to find mean and variance 

Solution: Let by definition  
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     Hence the required result 

For mean and variance  
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Also find first four moments about mean use it to find moments ratios. 

Solution: 
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       Hence proved  

Now we find first four moments about mean  

Put “r=1” in eq (A)  
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If ∞→K then negative binomial distribution tends to Poisson distribution 

Proof: As we know the probability function of negative binomial distribution  
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