
 

 

Answer on Question #45192 – Math - Statistics and Probability 

A Box contains 12 balls of which 3 are white and 9 are red. A sample of 3 balls is selected at random from 

the box. Find the moment generating function of X and hence find mean and standard deviation of the 

distribution. 

Solution 

Suppose that a box contains white balls (proportion equals  𝑝 =
3

12
=

1

4
) and red balls 𝑝 =

9

12
=

3

4
. A random 

sample of 𝑛 = 3 balls is selected with replacement. 

Then  

𝑃(𝑋 = 𝑥) =
𝑛!

𝑥! (𝑛 − 𝑥!)
𝑝𝑥𝑞𝑛−𝑥. 

Then the moment generating function is given by 

𝑀𝑥(𝑡) = ∑ 𝑒𝑥𝑡
𝑛!

𝑥! (𝑛 − 𝑥!)
𝑝𝑥𝑞𝑛−𝑥

𝑛

𝑥=0

= ∑(𝑝𝑒𝑡)
𝑛!

𝑥! (𝑛 − 𝑥!)
𝑞𝑛−𝑥

𝑛

𝑥=0

= (𝑞 + 𝑝𝑒𝑡)𝑛. 

In our case 

𝑀𝑥(𝑡) = (
3

4
+

1

4
𝑒𝑡)

3

. 

The mean is 

𝐸(𝑥) =
𝑑𝑀𝑥(𝑡)

𝑑𝑡
(𝑡 = 0 ) = 3 (

3

4
+

1

4
𝑒𝑡)

2 1

4
𝑒𝑡(𝑡 = 0 ) =

3

4
. 

𝐸(𝑥2) =
𝑑2 𝑀𝑥(𝑡)

𝑑𝑡2
(𝑡 = 0) = 3 (

3

4
+

1

4
𝑒𝑡)

1 1

4
𝑒𝑡 (

3

4
+ 3

1

4
𝑒𝑡) (𝑡 = 0 ) =

3

4
(

3

4
+

3

4
) =

18

16
. 

The variance 

𝑉𝑎𝑟(𝑥) = 𝐸(𝑥2) − (𝐸(𝑥))
2

=
18

16
− (

3

4
)

2

=
9

16
. 

Standard deviation is 

𝜎 = √𝑉𝑎𝑟(𝑥) =
3

4
. 
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