
3.5     Hypergeometric and Negative Binomial Distributions 

Distributions 

The  Hypergeometric Distribution 

Example 1.  A lot consists of N =10 articles of which   M = 6 are good (S) and N – M = 4 are defective (F). n=5 

articles are selected from lot at random and without replacement. 

1. Find the probability that exactly x = 3 of the selected are good.    F F F F 

2. Find the probability that exactly x of the selected are good,  x = 0, 1, 2, 3, 4, 5          S     S     S     S     S     S 

 

Let X be the number of good articles in a sample of 5.  

1.  𝑃( 𝑋 =  3 ) =  
(
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)
   2.  𝑃( 𝑋 =  𝑥 ) =  
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6
𝑥

)(
4

5−𝑥
)

(
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5

)
,       x = 1, 2, 3, 4, 5,    and    𝑃( 𝑋 =  0 ) =  0 

 

 



 
Restrictions for values of x:  If we select n individuals from a population that consists of  M successes and N-M 

failures and x is the number of successes in a sample,  then  𝑥 ≤  𝑀, and the number of failures in a sample  

𝑛 − 𝑥 ≤  𝑁 −  𝑀  and hence 𝑥 ≥ 𝑛 −  𝑁 +  𝑀 .   

 

 

  



The  Negative Binomial Distribution 

Example 2.  We roll a die and success is if it turns  “six”;  here  p = P(S) = 1/6.  

1. What is the probability that the first time the success occurs at the  x=4th trial? 

2. What is the probability that we need to roll a die 10 times to get the three successes? 

 

1. Let  Y1 be the number of the 1st successful trial. Then   𝑃(𝑌1 = 4) =  𝑃(𝐹𝐹𝐹𝑆) = (
5

6
)

3

(
1

6
) 

       In general   𝑃(𝑌1 = 𝑦) =  𝑃(𝐹𝐹 … 𝐹𝑆) = (
1

6
) (

5

6
)

𝑦−1
 

2. Let now  Y3 be the number of  the 3rd successful trial. Then  

 

𝑃(𝑌3 = 10) =  𝑃(2 𝑠𝑢𝑐𝑐𝑒𝑠𝑒𝑠 𝑖𝑛 9 𝑡𝑟𝑖𝑎𝑙𝑠 𝐴𝑁𝐷 𝑎 𝑠𝑢𝑐𝑐𝑒𝑠𝑠 𝑖𝑛 10𝑡ℎ 𝑡𝑟𝑖𝑎𝑙 ) = (
9
2

) (
1

6
)

2

(
5

6
)

7

× (
1

6
) 

𝑃(𝑌3 = 10) =  (
9
2

) (
1

6
)

3

(
5

6
)

7

 

 

In general the probability that the r-th success occurs at the trial number y, is  

 𝑃(𝑌𝑟 = 𝑦) =  (
𝑦 − 1
𝑟 − 1

) (𝑝)𝑟(1 − 𝑝)𝑦−𝑟  

 

So if  X = the number of failures that precede r-th success, then  

𝑃(𝑋 = 𝑥) =  𝑃(𝑌𝑟 = 𝑥 + 𝑟) =  (
𝑥 + 𝑟 − 1

𝑟 − 1
) (𝑝)𝑟(1 − 𝑝)𝑥 =  𝑛𝑏(𝑥; 𝑟, 𝑝) 

 



Assumptions:  

 

 

 
  



Special case  r = 1 is called  the Geometric Distribution. 
 
Let X be number of failures that precede the 1st success, and Y1 be the number of the first successful trial.  
Then  

𝑃( 𝑋 = 𝑥 ) = 𝑃 ( 𝑌1 = 𝑥 + 1) = (1 − 𝑝)𝑥𝑝,  x = 0, 1, 2, … 
 

𝐸(𝑋) =  
1−𝑝

𝑝
,  𝑉(𝑋) =  

1−𝑝

𝑝2  

 

 

EXERCISES  3.5 

  Answers:  

a. hypergeometric (n=6, M=12, N=20) 

b. 0.119, 0.137, 0.982 

c. 3.6, 1.061 

 

 

 

 

 



 

Answers: 

a. h(x; 10,15,50) 

b. h(x; 10,150,500) ≈b(10,0.3) 

c. exact: .3, 2.06;  

            approximate: .3, 2.1 

 

 

 

 

Answers: 

a.  (x+1)px(1-p)2= (x+1)0.5x+2 

b. 0.1875 

c. 0.6875 

d. 2,4 

 


