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Random Experiment: 
 An activity that yield some results called the random experiment. The random variable means a real 
number, i.e. X associated with the outcomes of a random experiment. 
Definition: Let S be a sample space associated with a random experiment with a real value function defined 
and taking its values is called a Random variable. 
The random variables are two types. They are, 

i) Discrete Random Variables (DRV) 
ii) Continuous Random Variables (CRV) 

 
Discrete Random Variables: A Discrete random variable is a variable which can only take a countable 
number of values. 
For example, if a coin is tossed three times, the number of heads can be obtained is 0, 1, 2 or 3. The 
probabilities of each of these probabilities can be tabulated as shown. 
S = {HHH, HHT, HTH, HTT, THH, THT, TTH, TTT} 

X 0 1 2 3 

P(x) 1

8
 

3

8
 

3

8
 

1

8
 

 
Continuous Random variables: A Continuous random variable is a random variable where the data can 
take infinitely many values. For example, a random variable measuring the time taken for something to be 
done is continuous since there are an infinite number of possible times that can be taken. 
Ex: Temperature of the climate, Age of a person, etc. 
 
Probability Mass Function: 
Probability mass function is the probability distribution of a discrete random variable and provides the possible 
values and their associated probabilities. 

1. 𝑃(𝑥𝑖) ≥ 0 

2. ∑ 𝑃(𝑋 = 𝑥𝑖) = 1𝑛
𝑖=1  

3. 0 ≤ 𝑃(𝑥) ≤ 1 
4. 𝑀𝑒𝑎𝑛 𝜇 = ∑ 𝑥𝑖𝑃(𝑥𝑖)𝑛

𝑖=1  

5. 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝜎2 = ∑ 𝑥𝑖
2𝑃(𝑥𝑖) − 𝜇2𝑛

𝑖=1  

 
  
Probability Density Function: 
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Probability density function is the probability distribution of a continuous random variable and provides the 
possible values and their associated probabilities infinitely. 

1. 𝑃(𝑥𝑖) ≥ 0 𝑜𝑟 𝑓(𝑥) ≥ 0 

2. ∫ 𝑓(𝑥)𝑑𝑥 = 1
∞

−∞
 

3. Mean 𝜇 = ∫ 𝑥𝑓(𝑥)𝑑𝑥
∞

−∞
 

4. Variance 𝜎2 = ∫ 𝑥2𝑓(𝑥)𝑑𝑥 − 𝜇2∞

−∞
 

5. 𝑃(𝑎 ≤ 𝑥 ≤ 𝑏) = 𝑃(𝑎 < 𝑥 ≤ 𝑏) = 𝑃(𝑎 ≤ 𝑥 < 𝑏) = 𝑃(𝑎 < 𝑥 < 𝑏) = ∫ 𝑓(𝑥)𝑑𝑥
𝑏

𝑎
 

 
PROBLEMS 

1) Show that the following probabilities one satisfying the properties of discrete random variables, 
hence find it’s mean and variance. 

x 10 20 30 40 

P(x) 1

8
 

3

8
 

3

8
 

1

8
 

Soln: Let X be the random variable for the random values, 
 x1 = 10, x2 = 20, x3 = 30, x4 = 40 
 and given  

𝑃(𝑋 = 𝑥1) = 𝑃(𝑥1) = 𝑝1 =
1

8
 

𝑃(𝑋 = 𝑥2) = 𝑃(𝑥2) = 𝑝2 =
3

8
 

𝑃(𝑋 = 𝑥3) = 𝑃(𝑥3) = 𝑝3 =
3

8
 

𝑃(𝑋 = 𝑥4) = 𝑃(𝑥4) = 𝑝4 =
1

8
 

 

 Let ∑ 𝑃(𝑋 = 𝑥𝑖)4
𝑖=1 = 𝑃(𝑋 = 𝑥1) + 𝑃(𝑋 = 𝑥2) + 𝑃(𝑋 = 𝑥3) + 𝑃(𝑋 = 𝑥4) 

 

    = 
1

8
+

3

8
+

3

8
+

1

8
 

 

    =
8

8
 

 
    =1 

Hence the given probabilities can satisfy the DRV property. 
 

Mean 𝜇 = ∑ 𝑥𝑖𝑃(𝑥𝑖)4
𝑖=1  

 

  =10 ×
1

8
+ 20 ×

3

8
+ 30 ×

3

8
+ 40 ×

1

8
 

 

  =
200

8
 

 
  =25 
 

Variance 𝜎2 = ∑ 𝑥𝑖
2𝑃(𝑥𝑖) − 𝜇24

𝑖=1  

 

  =102 ×
1

8
+ 202 ×

3

8
+ 302 ×

3

8
+ 402 ×

1

8
− 252 

 
  =700 − 625 
 
  =75 
 

S.D=√𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 = √75 = 8.66 
 

2) Find the value of k, such that the following distribution represents discrete probability 
distribution. Hence find Mean, S.D, 𝑷(𝒙 ≤ 𝟏), 𝑷(𝒙 > 𝟏) and 𝑷(−𝟏 < 𝒙 ≤ 𝟐). 
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x -3 -2 -1 0 1 2 3 

P(x) k 2k 3k 4k 3k 2k k 

 
Soln:  Let X be the random variable for the random values, 
 x1 = -3, x2 = -2, x3 = -1, x4 = 0, x5 = 1, x6 = 2, x7 = 3 
 and the given probabilities are, 
 𝑃(𝑋 = 𝑥1) = 𝑃(−3) = 𝑘 
 𝑃(𝑋 = 𝑥2) = 𝑃(−2) = 2𝑘 
 𝑃(𝑋 = 𝑥3) = 𝑃(−1) = 3𝑘 

 𝑃(𝑋 = 𝑥4) = 𝑃(0) = 4𝑘 
 𝑃(𝑋 = 𝑥5) = 𝑃(1) = 3𝑘 

 𝑃(𝑋 = 𝑥6) = 𝑃(2) = 2𝑘 
 𝑃(𝑋 = 𝑥7) = 𝑃(3) = 𝑘 
 
 
We know that, 

 ∑ 𝑃(𝑋 = 𝑥𝑖)7
𝑖=1 = 1 

⇒ 𝑘 + 2𝑘 + 3𝑘 + 4𝑘 + 3𝑘 + 2𝑘 + 𝑘 = 1 

⇒ 16𝑘 = 1 

⇒ 𝑘 =
1

16
 

 
 
 

 
 
 
 
 
 
 
 
 
  

 Mean 𝜇 = ∑ 𝑥𝑖𝑃(𝑥𝑖)4
𝑖=1 = 0 

 

 Variance 𝜎2 = ∑ 𝑥𝑖
2𝑃(𝑥𝑖) − 𝜇24

𝑖=1  

 

   = 40𝑘 − 02 
 

   = 40 ×
1

16
 

 
   = 2.5 

 S.D = √2.5 = 1.5811 
 

𝑖)  𝑃(𝑥 ≤ 1) = 𝑃(−3) + 𝑃(−2) + 𝑃(−1) + 𝑃(0) + 𝑃(1) 
     ⇒ 𝑃(𝑥 ≤ 1) = 𝑘 + 2𝑘 + 3𝑘 + 4𝑘 + 3𝑘 

      ⇒ 𝑃(𝑥 ≤ 1) = 13𝑘 =
13

16
= 0.8125 

 

𝑖𝑖) 𝑃(𝑥 > 1) = 𝑃(2) + 𝑃(3) = 2𝑘 + 𝑘 = 3𝑘 =
3

16
= 0.1875 

𝑖𝑖𝑖) 𝑃(−1 < 𝑥 ≤ 2) = 𝑃(0) + 𝑃(1) + 𝑃(2) = 4𝑘 + 3𝑘 + 2𝑘 = 9𝑘 =
9

16
= 0.5625 

 

𝑥

 

𝑃(𝑥)

 

𝑥𝑃(𝑥)

 

𝑥2

 

𝑥2𝑃(𝑥)

 
-3 K -3k 9 9k 

-2 2k -4k 4 8k 

-1 3k -3k 1 3k 

0 4k 0 0 0 

1 3k 3k 1 3k 

2 2k 4k 4 8k 

3 K 3k 9 9k 


 

0 - 40k 
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3) Find the value of k, such that the following distribution represents discrete probability 
distribution. Hence find Mean, S.D, 𝑷(𝒙 ≥ 𝟓) and 𝑷(𝟑 < 𝒙 ≤ 𝟔). 
 
 
 
 
Soln: Let X be the random variable for the random values, 
 x1 = 0, x2 = 1, x3 = 2, x4 = 3, x5 = 4, x6 = 5, x7 = 6 
 and the given probabilities are, 
 𝑃(𝑋 = 𝑥1) = 𝑃(0) = 𝑘 
 𝑃(𝑋 = 𝑥2) = 𝑃(1) = 3𝑘 

 𝑃(𝑋 = 𝑥3) = 𝑃(2) = 5𝑘 
 𝑃(𝑋 = 𝑥4) = 𝑃(3) = 7𝑘 
 𝑃(𝑋 = 𝑥5) = 𝑃(4) = 9𝑘 

 𝑃(𝑋 = 𝑥6) = 𝑃(5) = 11𝑘 
 𝑃(𝑋 = 𝑥7) = 𝑃(6) = 13𝑘 
 
We know that, 

 ∑ 𝑃(𝑋 = 𝑥𝑖)7
𝑖=1 = 1 

⇒ 𝑘 + 3𝑘 + 5𝑘 + 7𝑘 + 9𝑘 + 11𝑘 + 13𝑘 = 1 
⇒ 49𝑘 = 1 

⇒ 𝑘 =
1

49
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mean 𝜇 = ∑ 𝑥𝑖𝑃(𝑥𝑖)4
𝑖=1 = 203𝑘 =

203

49
= 4.1428 

 

 Variance 𝜎2 = ∑ 𝑥𝑖
2𝑃(𝑥𝑖) − 𝜇24

𝑖=1  

 

   = 973𝑘 − 4.14282 
 

   =
973

49
− 17.1628 

 
   = 2.6943 
 

 S.D = √2.6943 = 1.6414 
 

𝑖)  𝑃(𝑥 ≥ 5) = 𝑃(5) + 𝑃(6) 
     ⇒ 𝑃(𝑥 ≥ 5) = 11𝑘 + 13𝑘 

      ⇒ 𝑃(𝑥 ≥ 5) = 24𝑘 =
24

49
= 0.4898 

 

𝑖𝑖) 𝑃(3 < 𝑥 ≤ 6) = 𝑃(4) + 𝑃(5) + 𝑃(6) = 9𝑘 + 11𝑘 + 13𝑘 = 33𝑘 =
33

49
= 0.6734 

 

𝑥 0 1 2 3 4 5 6 

𝑃(𝑥) 𝑘 3𝑘 5𝑘 7𝑘 9𝑘 11𝑘 13𝑘 

𝑥

 

𝑃(𝑥)

 

𝑥𝑃(𝑥)

 

𝑥2

 

𝑥2𝑃(𝑥)

 0 k 0 0 0 

1 3k 3k 1 3k 

2 5k 10k 4 20k 

3 7k 21k 9 63k 

4 9k 36k 16 144k 

5 11k 55k 25 275k 

6 13k 78k 36 468k 


 

203k - 973k 

notesforvtu.in



Inspire before you expire…,  BCS301 

Prepared by: PURUSHOTHAM P, SJC INSTITUTE OF TECHNOLOGY, | 5  

4) A random variable X has a probability function for various values of x. Find i) k, ii) 𝑷(𝒙 < 𝟔),     
iii) 𝑷(𝒙 ≥ 𝟔) and 𝑷(𝟑 < 𝒙 ≤ 𝟔). Also find the probability distribution and distribution function of 
x. 
 
 
 
 
 
 
 
Soln: Let X be the random variable for the random values, 
 x1 = 0, x2 = 1, x3 = 2, x4 = 3, x5 = 4, x6 = 5, x7 = 6, x8 = 7 
 and the given probabilities are, 
 𝑃(𝑋 = 𝑥1) = 𝑃(0) = 0 

 𝑃(𝑋 = 𝑥2) = 𝑃(1) = 𝑘 
 𝑃(𝑋 = 𝑥3) = 𝑃(2) = 2𝑘 

 𝑃(𝑋 = 𝑥4) = 𝑃(3) = 2𝑘 
 𝑃(𝑋 = 𝑥5) = 𝑃(4) = 3𝑘 

 𝑃(𝑋 = 𝑥6) = 𝑃(5) = 𝑘2 

 𝑃(𝑋 = 𝑥7) = 𝑃(6) = 2𝑘2 

 𝑃(𝑋 = 𝑥7) = 𝑃(7) = 7𝑘2 + 𝑘 
 
We know that, 

 ∑ 𝑃(𝑋 = 𝑥𝑖)7
𝑖=1 = 1 

⇒ 0 + 𝑘 + 2𝑘 + 2𝑘 + 3𝑘 + 𝑘2 + 2𝑘2 + 7𝑘2 + 𝑘 = 1 
 

⇒ 10𝑘2 + 9𝑘 = 1 
 

⇒ 10𝑘2 + 9𝑘 − 1 = 0 
 

⇒ (10𝑘 − 1)(𝑘 + 1) = 0 
 

⇒ 10𝑘 − 1 = 0 , 𝑘 + 1 = 0 
 

⇒ 𝑘 =
1

10
 , 𝑘 ≠ −1 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
𝑖) 𝑃(𝑥 < 6) = 1 − 𝑃(𝑥 ≥ 6) = 1 − {𝑃(6) + 𝑃(7)} = 1 − {0.02 + 0.17} = 0.81 

 
𝑖𝑖) 𝑃(𝑥 ≥ 6) = 𝑃(6) + 𝑃(7) = 0.02 + 0.17 = 0.19 

 
𝑖𝑖𝑖) 𝑃(3 < 𝑥 ≤ 6) = 𝑃(4) + 𝑃(5) + 𝑃(6) = 0.3 + 0.01 + 0.02 = 0.33 

 
 
 

𝒙 
0 1 2 3 4 5 6 7 

𝑷(𝒙) 
0 𝒌 𝟐𝒌 𝟐𝒌 𝟑𝒌 𝒌𝟐 𝟐𝒌𝟐 𝟕𝒌𝟐 + 𝒌 

𝑥 

0 1 2 3 4 5 6 7 

𝑃(𝑥) 

O 0.1 0.2 0.2 0.3 0.01 0.02 0.17 

CP 

0 0.1 0.3 0.5 0.8 0.81 0.83 1 

notesforvtu.in



Inspire before you expire…,  BCS301 

Prepared by: PURUSHOTHAM P, SJC INSTITUTE OF TECHNOLOGY, | 6  

5) A random variable has the following probability function for the various values of X=x. Find       
i) Value of k, ii) 𝑷(𝒙 < 𝟏), iii)𝑷(𝒙 ≥ 𝟏). 

𝒙 -2 -1 0 1 2 3 

𝑷(𝒙) 0.1 𝒌 0.2 2𝒌 0.3 𝒌 

 
Soln: Let X be the random variable for the random values, 
 x1 = -2, x2 = -1, x3 = 0, x4 = 1, x5 = 2, x6 = 3, 
 and the given probabilities are, 
 𝑃(𝑋 = 𝑥1) = 𝑃(−2) = 0.1 
 𝑃(𝑋 = 𝑥2) = 𝑃(−1) = 𝑘 

 𝑃(𝑋 = 𝑥3) = 𝑃(0) = 0.2 
 𝑃(𝑋 = 𝑥4) = 𝑃(1) = 2𝑘 

 𝑃(𝑋 = 𝑥5) = 𝑃(2) = 0.3 
 𝑃(𝑋 = 𝑥6) = 𝑃(3) = 𝑘 
 
i) We know that, 

 ∑ 𝑃(𝑋 = 𝑥𝑖)6
𝑖=1 = 1 

⇒ 0.1 + 𝑘 + 0.2 + 2𝑘 + 0.3 + 𝑘 = 1 
 

⇒ 4𝑘 + 0.6 = 1 
 

⇒ 4𝑘 = 0.4 
 

⇒ 𝑘 = 0.1 
 

𝑖𝑖) 𝑃(𝑥 < 1) = 𝑃(−2) + 𝑃(−1) + 𝑃(0) = 0.1 + 𝑘 + 0.2 = 𝑘 + 0.3 = 0.1 + 0.3 = 0.4 
 

𝑖𝑖𝑖) 𝑃(𝑥 ≥ −1) = 𝑃(−1) + 𝑃(0) + 𝑃(1) + 𝑃(2) + 𝑃(3) = 𝑘 + 0.2 + 2𝑘 + 0.3 + 𝑘 = 4𝑘 + 0.5 = 0.9 
 

6) A random variable has the following probability function for the various values of X=x. Find 
i)Value of k, ii)𝑷(𝒙 ≤ 𝟏), iii) 𝑷(𝟎 ≤ 𝒙 < 𝟑). 

𝒙 0 1 2 3 4 5 

𝑷(𝒙) 𝒌 𝟓𝒌 𝟏𝟎𝒌 𝟏𝟎𝒌 𝟓𝒌 𝒌 

 
Soln: Let X be the random variable for the random values, 
 x1 = 0, x2 = 1, x3 = 2, x4 = 3, x5 = 4, x6 = 5, 
 and the given probabilities are, 
 𝑃(𝑋 = 𝑥1) = 𝑃(0) = 𝑘 
 𝑃(𝑋 = 𝑥2) = 𝑃(1) = 5𝑘 

 𝑃(𝑋 = 𝑥3) = 𝑃(2) = 10𝑘 
 𝑃(𝑋 = 𝑥4) = 𝑃(3) = 10𝑘 

 𝑃(𝑋 = 𝑥5) = 𝑃(4) = 5𝑘 
 𝑃(𝑋 = 𝑥6) = 𝑃(5) = 𝑘 
 
i) We know that, 

 ∑ 𝑃(𝑋 = 𝑥𝑖)6
𝑖=1 = 1 

⇒ 𝑘 + +5𝑘 + 10𝑘 + 10𝑘 + 5𝑘 + 𝑘 = 1 
 

⇒ 32𝑘 = 1 
 

⇒ 𝑘 =
1

32
 

 

𝑖𝑖) 𝑃(𝑥 ≤ 1) = 𝑃(0) + 𝑃(1) = 𝑘 + 5𝑘 = 6𝑘 =
6

32
= 0.1875 

 

𝑖𝑖𝑖) 𝑃(0 ≤ 𝑥 < 3) = 𝑃(0) + 𝑃(1) + 𝑃(2) = 𝑘 + 5𝑘 + 10𝑘 = 16𝑘 =
16

32
= 0.5 
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7) Show that the function 𝒇(𝒙) = {
𝒆−𝒙, 𝒙 ≥ 𝟎

𝟎, 𝒙 < 𝟎
 is probability density function. Hence find           

𝑷(𝟏. 𝟓 < 𝒙 < 𝟐. 𝟓). 
 
Soln: Given probability function, 

 𝑓(𝑥) = {
𝑒−𝑥, 𝑥 ≥ 0

0, 𝑥 < 0
 

 

Let ∫ 𝑓(𝑥)𝑑𝑥
∞

−∞
= ∫ 𝑓(𝑥)𝑑𝑥

0

−∞
+ ∫ 𝑓(𝑥)𝑑𝑥

∞

0
 

 

  = ∫ 0 𝑑𝑥
0

−∞
+ ∫ 𝑒−𝑥 𝑑𝑥

∞

0
 

 

  = 0 + [
𝑒−𝑥

−1
]

0

∞

 

 

  = −[𝑒−∞ − 𝑒0] 
 
  = −[0 − 1] 
 
  = 1 
Hence the given probability function is p.d.f. 
 

 𝑃(1.5 < 𝑥 < 2.5) = ∫ 𝑓(𝑥)𝑑𝑥
2.5

1.5
 

 

       = ∫ 𝑒−𝑥𝑑𝑥
2.5

1.5
 

 

       = −[𝑒−𝑥]1.5
2.5 

 

       = −[𝑒−2.5 − 𝑒−1.5] = [
1

𝑒 1.5 −
1

𝑒 2.5] 

 

8) A random variable X has probability density function 𝒇(𝒙) = {
𝒌𝒙𝟐, 𝟎 ≤ 𝒙 ≤ 𝟑
𝟎            , 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

 , Evaluate i) k 

ii) 𝑷(𝒙 ≤ 𝟏), iii) 𝑷(𝒙 > 𝟏), iv) 𝑷(𝟏 ≤ 𝒙 ≤ 𝟐), v) 𝑷(𝒙 ≤ 𝟐), vi) 𝑷(𝒙 ≥ 𝟐). 
 
Soln: Given probability function, 

 𝑓(𝑥) = {
𝑘𝑥2, 0 ≤ 𝑥 ≤ 3
0            , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

𝑖) ∫ 𝑓(𝑥)𝑑𝑥 = 1
∞

−∞

 

⇒ ∫ 𝑓(𝑥)𝑑𝑥 = ∫ 𝑓(𝑥)𝑑𝑥 + ∫ 𝑓(𝑥)𝑑𝑥 +
3

0

0

−∞

∞

−∞

∫ 𝑓(𝑥)𝑑𝑥 = 1
∞

3

 

⇒ 0 + ∫ 𝑘𝑥2𝑑𝑥 + 0 = 1
3

0

 

⇒ 𝑘 [
𝑥3

3
]

0

3

= 1 

⇒ 9𝑘 = 1 

⇒ 𝑘 =
1

9
 

 

𝑖𝑖) 𝑃(𝑥 ≤ 1) = ∫ 𝑓(𝑥)𝑑𝑥
1

−∞

 

⇒ 𝑃(𝑥 ≤ 1) = ∫ 𝑓(𝑥)𝑑𝑥
0

−∞

+ ∫ 𝑓(𝑥)𝑑𝑥
1

0
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⇒ 𝑃(𝑥 ≤ 1) = 0 + ∫ 𝑘𝑥2𝑑𝑥
1

0

 

⇒ 𝑃(𝑥 ≤ 1) = 𝑘 [
𝑥3

3
]

0

1

 

⇒ 𝑃(𝑥 ≤ 1) =
𝑘

3
=

1

27
 

 

𝑖𝑖𝑖) 𝑃(𝑥 > 1) = ∫ 𝑓(𝑥)𝑑𝑥
∞

1

 

⇒ 𝑃(𝑥 > 1) = ∫ 𝑓(𝑥)𝑑𝑥
3

1

+ ∫ 𝑓(𝑥)𝑑𝑥
∞

3

 

⇒ 𝑃(𝑥 > 1) = 0 + ∫ 𝑘𝑥2𝑑𝑥
3

1

 

⇒ 𝑃(𝑥 < 1) = 𝑘 [
𝑥3

3
]

1

3

 

⇒ 𝑃(𝑥 < 1) =
26𝑘

3
=

26

27
 

 

𝑖𝑣) 𝑃(1 ≤ 𝑥 ≤ 2) = ∫ 𝑓(𝑥)𝑑𝑥
2

1

 

⇒ 𝑃(1 ≤ 𝑥 ≤ 2) = ∫ 𝑘𝑥2𝑑𝑥
2

1

 

⇒ 𝑃(1 ≤ 𝑥 ≤ 2) = 𝑘 [
𝑥3

3
]

1

2

 

⇒ 𝑃(1 ≤ 𝑥 ≤ 2) =
7𝑘

3
=

7

27
 

 

𝑣) 𝑃(𝑥 ≤ 2) = ∫ 𝑓(𝑥)𝑑𝑥
2

−∞

 

⇒ 𝑃(𝑥 ≤ 2) = ∫ 𝑓(𝑥)𝑑𝑥
0

−∞

+ ∫ 𝑓(𝑥)𝑑𝑥
2

0

 

⇒ 𝑃(𝑥 ≤ 2) = 0 + ∫ 𝑘𝑥2𝑑𝑥
1

0

 

⇒ 𝑃(𝑥 ≤ 2) = 𝑘 [
𝑥3

3
]

0

2

 

⇒ 𝑃(𝑥 ≤ 2) =
8𝑘

3
=

8

27
 

 

𝑣𝑖) 𝑃(𝑥 ≥ 2) = ∫ 𝑓(𝑥)𝑑𝑥
∞

2

 

⇒ 𝑃(𝑥 ≥ 2) = ∫ 𝑓(𝑥)𝑑𝑥
3

2

+ ∫ 𝑓(𝑥)𝑑𝑥
∞

3

 

⇒ 𝑃𝑥 ≥ 2) = 0 + ∫ 𝑘𝑥2𝑑𝑥
3

2

 

⇒ 𝑃(𝑥 ≥ 2) = 𝑘 [
𝑥3

3
]

2

3

 

⇒ 𝑃(𝑥 ≥ 2) =
19𝑘

3
=

19

27
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9) A random variable X has the pdf, 𝒇(𝒙) = {
𝒌𝒙𝟐    , −𝟑 ≤ 𝒙 ≤ 𝟑
𝟎                  , 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

 , find i) k, ii) 𝑷(𝒙 ≤ 𝟐),                     

iii) 𝑷(𝒙 ≥ 𝟐), iv) 𝑷(𝒙 > 𝟏), v) 𝑷(𝟏 ≤ 𝒙 ≤ 𝟐). 
 
Soln: Given probability function, 

 𝑓(𝑥) = {
𝑘𝑥2, −3 ≤ 𝑥 ≤ 3

0            , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 

𝑖) ∫ 𝑓(𝑥)𝑑𝑥 = 1
∞

−∞

 

⇒ ∫ 𝑓(𝑥)𝑑𝑥 = ∫ 𝑓(𝑥)𝑑𝑥 + ∫ 𝑓(𝑥)𝑑𝑥 +
3

−3

−3

−∞

∞

−∞

∫ 𝑓(𝑥)𝑑𝑥 = 1
∞

3

 

⇒ 0 + ∫ 𝑘𝑥2𝑑𝑥 + 0 = 1
3

−3

 

⇒ 𝑘 [
𝑥3

3
]

−3

3

= 1 

⇒ 18𝑘 = 1 

⇒ 𝑘 =
1

18
 

 

𝑖𝑖) 𝑃(𝑥 ≤ 2) = ∫ 𝑓(𝑥)𝑑𝑥
2

−∞

 

⇒ 𝑃(𝑥 ≤ 2) = ∫ 𝑓(𝑥)𝑑𝑥
−3

−∞

+ ∫ 𝑓(𝑥)𝑑𝑥
2

−3

 

⇒ 𝑃(𝑥 ≤ 2) = 0 + ∫ 𝑘𝑥2𝑑𝑥
2

−3

 

⇒ 𝑃(𝑥 ≤ 2) = 𝑘 [
𝑥3

3
]

−3

3

 

⇒ 𝑃(𝑥 ≤ 2) =
35𝑘

3
=

35

3
×

1

18
=

35

54
 

 

𝑖𝑖𝑖) 𝑃(𝑥 ≥ 2) = ∫ 𝑓(𝑥)𝑑𝑥
∞

2

 

⇒ 𝑃(𝑥 ≥ 2) = ∫ 𝑓(𝑥)𝑑𝑥
3

2

+ ∫ 𝑓(𝑥)𝑑𝑥
∞

3

 

⇒ 𝑃(𝑥 ≥ 2) = ∫ 𝑘𝑥2𝑑𝑥
3

2

 

⇒ 𝑃(𝑥 ≥ 2) = 𝑘 [
𝑥3

3
]

2

3

 

⇒ 𝑃(𝑥 ≥ 2) =
19𝑘

3
=

19

3
×

1

18
=

19

54
 

 

𝑖𝑣) 𝑃(𝑥 > 1) = ∫ 𝑓(𝑥)𝑑𝑥
∞

1

 

⇒ 𝑃(𝑥 > 1) = ∫ 𝑓(𝑥)𝑑𝑥
3

1

+ ∫ 𝑓(𝑥)𝑑𝑥
∞

3

 

⇒ 𝑃(𝑥 > 1) = ∫ 𝑘𝑥2𝑑𝑥
3

1

 

⇒ 𝑃(𝑥 > 1) = 𝑘 [
𝑥3

3
]

1

3

 

⇒ 𝑃(𝑥 > 1) =
26𝑘

3
=

26

3
×

1

18
=

26

54
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𝑣) 𝑃(1 ≤ 𝑥 ≤ 2) = ∫ 𝑓(𝑥)𝑑𝑥
2

1

 

⇒ 𝑃(1 ≤ 𝑥 ≤ 2) = ∫ 𝑘𝑥2𝑑𝑥
2

1

 

⇒ 𝑃(1 ≤ 𝑥 ≤ 2) = 𝑘 [
𝑥3

3
]

1

2

 

⇒ 𝑃(1 ≤ 𝑥 ≤ 2) =
7𝑘

3
=

7

3
×

1

18
=

7

54
 

 
10) The diameter of an electric cable is assumed to be a CRV with pdf                                                     

𝒇(𝒙) = {
𝒌𝒙(𝟏 − 𝒙)    , 𝟎 ≤ 𝒙 ≤ 𝟏

𝟎                 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆
, find i) value of k, ii) Mean & Variance. 

 
Soln: Given probability function, 
 

𝑊𝐾𝑇, ∫ 𝑓(𝑥)𝑑𝑥 = 1
∞

−∞

 

⇒ 𝑖) ∫ 𝑓(𝑥)𝑑𝑥 + ∫ 𝑓(𝑥)𝑑𝑥 +
1

0

0

−∞

∫ 𝑓(𝑥)𝑑𝑥 = 1
∞

1

 

⇒ 0 + ∫ 𝑘𝑥(1 − 𝑥)𝑑𝑥 + 0 = 1
1

0

 

⇒ 𝑘 ∫ (𝑥 − 𝑥2)𝑑𝑥 = 1
1

0

 

 

⇒ 𝑘 [
𝑥2

2
−

𝑥3

3
]

0

1

= 1 

⇒
𝑘

6
= 1 

⇒ 𝑘 = 6 
 

𝑖𝑖) 𝑀𝑒𝑎𝑛 𝜇 = ∫ 𝑥𝑓(𝑥)𝑑𝑥
∞

−∞

 

                  = ∫ 𝑥𝑘𝑥(1 − 𝑥)𝑑𝑥
1

0

 

                  = 𝑘 ∫ 𝑥2(1 − 𝑥)𝑑𝑥
1

0

 

                  = 𝑘 [
𝑥3

3
−

𝑥4

4
]

0

1

 

                  = 𝑘 [
1

3
−

1

4
] =

𝑘

12
=

6

12
=

1

2
 

 

𝑖𝑖𝑖) 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝜎2 = ∫ 𝑥2𝑓(𝑥)𝑑𝑥 − 𝜇2
∞

−∞

 

                                 = ∫ 𝑘𝑥3(1 − 𝑥)𝑑𝑥 − 𝜇2
1

0

 

                                 = 𝑘 ∫ (𝑥3 − 𝑥4)𝑑𝑥
1

0

− [
1

2
]

2

 

                                 = 𝑘 [
𝑥4

4
−

𝑥5

5
]

0

1

−
1

4
 

                                 =
𝑘

20
−

1

4
=

6

20
×

1

4
=

1

20
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11) Find the constant k such that 𝒇(𝒙) = {
𝒌𝒙𝒆−𝒙         , 𝟎 < 𝒙 < 𝟏
𝟎                 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

 , is pdf. Find the mean. 

 
Soln: Given probability function, 

 𝑓(𝑥) = {
𝑘𝑥𝑒−𝑥         , 0 < 𝑥 < 1
0                 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 
 also given f(x) represents pdf for the CRV ‘X’. 
 

𝑊𝐾𝑇, ∫ 𝑓(𝑥)𝑑𝑥 = 1
∞

−∞

 

⇒ ∫ 𝑓(𝑥)𝑑𝑥 + ∫ 𝑓(𝑥)𝑑𝑥 +
1

0

0

−∞

∫ 𝑓(𝑥)𝑑𝑥 = 1
∞

1

 

⇒ ∫ 𝑘𝑥𝑒−𝑥𝑑𝑥 = 1
1

0

 

⇒ 𝑘 {∫ 𝑒−𝑥𝑑𝑥 − ∫ (1 × ∫ 𝑒−𝑥𝑑𝑥) 𝑑𝑥
1

0

1

0

} = 1 

⇒ 𝑘(−𝑒−1−𝑒−1 + 1 = 1 

⇒ 𝑘 (1 −
2

𝑒
) = 1 

⇒ 𝑘 =
𝑒

𝑒 − 2
 

 

𝑀𝑒𝑎𝑛 𝜇 = ∫ 𝑥𝑓(𝑥)𝑑𝑥
∞

−∞

 

 

= ∫ 𝑥𝑘𝑥𝑒−𝑥𝑑𝑥
1

0

 

 

= 𝑘 ∫ 𝑥2𝑒−𝑥𝑑𝑥
1

0

 

 

= 𝑘 {𝑥2 ∫ 𝑒−𝑥𝑑𝑥 − ∫ (2𝑥 × ∫ 𝑒−𝑥𝑑𝑥) 𝑑𝑥
1

0

1

0

} 

 

= 𝑘 {−(𝑥2𝑒−𝑥)0
1 + 2 ∫ 𝑥𝑒−𝑥𝑑𝑥

1

0

} 

 

= 𝑘(2 − 5𝑒−1) 
 

= 𝑘 (2 −
5

𝑒
) 

 

=
𝑒

𝑒 − 2
×

2𝑒 − 5

𝑒
 

 

𝜇 =
2𝑒 − 5

𝑒 − 2
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Binomial Distribution: 
 Let X be a discrete random variable, ‘p’ be the probability of success and let ‘q’ be the probability of 
failure, then the probability mass function of the binomial distribution can be defined as, 

𝑃(𝑋 = 𝑥) = 𝑏(𝑛, 𝑝, 𝑥) = {
𝑛𝑐𝑥

𝑝𝑥𝑞𝑛−𝑥 , 𝑥 ≥ 0

0 , 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

where, n is the number of trials and n & p are the parameters which follows, 

i) 𝑃(𝑋 = 𝑥) = 𝑏(𝑛, 𝑝, 𝑥) ≥ 0 

ii) p + q = 1 

iii) ∑ 𝑛𝑐𝑥
𝑝𝑥𝑞𝑛−𝑥 = 1𝑛

𝑥=0  

iv) The mean of B.D 𝜇 = 𝑛𝑝, Vairance 𝜎2 = 𝑛𝑝𝑞 and S.D is 𝜎 = √𝑛𝑝𝑞. 

 
MEAN & VARIANCE OF A BINOMIAL DISTRIBUTION: 
 
WKT, the probability mass function of the binomial distribution is, 

𝑃(𝑋 = 𝑥) = 𝑓(𝑥) = {
𝑛𝑐𝑥

𝑝𝑥𝑞𝑛−𝑥 , 𝑥 ≥ 0

0           , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 
i) Mean:  

𝜇 = 𝐸(𝑥) = ∑ 𝑥𝑃(𝑋 = 𝑥)
𝑛

𝑥=0
 

 

= ∑ 𝑥 𝑛𝑐𝑥
𝑝𝑥𝑞𝑛−𝑥

𝑛

𝑥=0
 

 

= ∑ 𝑥
𝑛!

𝑥! (𝑛 − 𝑥)!
𝑝𝑥−1 𝑝1𝑞𝑛−𝑥

𝑛

𝑥=0
 

 

= ∑ 𝑥
𝑛 (𝑛 − 1)!

𝑥 (𝑥 − 1)! (𝑛 − 𝑥)!
𝑝𝑥−1 𝑝1𝑞𝑛−𝑥

𝑛

𝑥=0
 

 

= 𝑛𝑝 ∑
(𝑛 − 1)!

(𝑥 − 1)! (𝑛 − 𝑥)!
𝑝𝑥−1 𝑞𝑛−𝑥

𝑛

𝑥=1
 

 

= 𝑛𝑝 ∑
(𝑛 − 1)!

(𝑥 − 1)! ((𝑛 − 1) − (𝑥 − 1))!
𝑝𝑥−1 𝑞(𝑛−1)−(𝑥−1)

𝑛

𝑥=1
 

 

= 𝑛𝑝 ∑ (𝑛 − 1)𝑐(𝑥−1)
𝑝𝑥−1𝑞(𝑛−1)−(𝑥−1)

𝑛

𝑥=1
 

 
= 𝑛𝑝(1) 

 
𝜇 = 𝐸(𝑥) = 𝑛𝑝 

 
 

ii) Variance: 

𝜎2 = 𝐸(𝑥2) − [𝐸(𝑥)]2  − − − −(1) 
 

⇒ 𝐸(𝑥2) = 𝐸(𝑥(𝑥 − 1) + 𝑥) 
 

⇒ 𝐸(𝑥2) = 𝐸(𝑥(𝑥 − 1)) + 𝐸(𝑥) − − − −(2) 

 

 𝐸(𝑥(𝑥 − 1)) = ∑ 𝑥(𝑥 − 1)𝑝(𝑥)
𝑛

𝑥=0
 

 

= ∑ 𝑥(𝑥 − 1) 𝑛𝑐𝑥
𝑝𝑥𝑞𝑛−𝑥

𝑛

𝑥=0
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= ∑ 𝑥(𝑥 − 1)
𝑛!

𝑥! (𝑛 − 𝑥)!
𝑝𝑥  𝑞𝑛−𝑥

𝑛

𝑥=0
 

 

= ∑ 𝑥(𝑥 − 1)
𝑛 (𝑛 − 1)(𝑛 − 2)!

𝑥 (𝑥 − 1)(𝑥 − 2)! (𝑛 − 𝑥)!
𝑝𝑥−2 𝑝2𝑞𝑛−𝑥

𝑛

𝑥=0
 

 

= ∑
𝑛(𝑛 − 1)(𝑛 − 2)!

(𝑥 − 2)! (𝑛 − 𝑥)!
𝑝𝑥−2 𝑝2𝑞𝑛−𝑥

𝑛

𝑥=2
 

 

= 𝑛(𝑛 − 1)𝑝2 ∑
(𝑛 − 2)!

(𝑥 − 2)! (𝑛 − 𝑥)!
𝑝𝑥−2 𝑞𝑛−𝑥

𝑛

𝑥=2
 

 

= 𝑛(𝑛 − 1)𝑝2 ∑
(𝑛 − 2)!

(𝑥 − 2)! ((𝑛 − 2) − (𝑥 − 2))!
𝑝𝑥−2 𝑞(𝑛−2)−(𝑥−2)

𝑛

𝑥=2
 

 

= 𝑛(𝑛 − 1)𝑝2 ∑ (𝑛 − 2)𝑐(𝑥−2)
𝑝𝑥−2𝑞(𝑛−2)−(𝑥−2)

𝑛

𝑥=2
 

 

= 𝑛(𝑛 − 1)𝑝2(1) 
 

𝐸(𝑥(𝑥 − 1)) = 𝑛(𝑛 − 1)𝑝2 
 

(2) ⇒ 𝐸(𝑥2) = 𝐸(𝑥(𝑥 − 1)) + 𝐸(𝑥) 

 

⇒ 𝐸(𝑥2) = 𝑛(𝑛 − 1)𝑝2 + 𝑛𝑝 
 

(1) ⇒ 𝜎2 = 𝐸(𝑥2) − [𝐸(𝑥)]2 
 

⇒ 𝜎2 = 𝑛(𝑛 − 1)𝑝2 + 𝑛𝑝 − [𝑛𝑝]2 
 

⇒ 𝜎2 = 𝑛2𝑝2 − 𝑛𝑝2 + 𝑛𝑝 − 𝑛2𝑝2 
 

⇒ 𝜎2 = 𝑛𝑝 − 𝑛𝑝2 
 

⇒ 𝜎2 = 𝑛𝑝(1 − 𝑝) 
 

𝑏𝑢𝑡   1 − 𝑝 = 𝑞 
 

𝜎2 = 𝑛𝑝𝑞 
 
 

PROBLEMS 
1) Let X be a binomially distributed random variable based on 6 repetitions of an experiment. If p=0.3, 

evaluate the following probabilities i) 𝑷(𝒙 ≤ 𝟑), ii) 𝑷(𝑿 > 𝟒). 
Soln: Given p=0.3 and n=6, hence q = 1-p = 1-0.3 = 0.7 

  and 𝑃(𝑋 = 𝑥) = 𝑏(6,0.3, 𝑥) = 6𝐶𝑥
(0.3)𝑥(0.7)6−𝑥 

 
i) 𝑃(𝑥 ≤ 3) = 𝑃(0) + 𝑃(1) + 𝑃(2) + 𝑃(3) 

= 6𝐶0
(0.3)0(0.7)6 + 6𝐶1

(0.3)1(0.7)5 + 6𝐶2
(0.3)2(0.7)4 + 6𝐶3

(0.3)3(0.7)3 

= 0.1176 + 0.3025 + 0.3241 + 0.1852 

= 0.9294 
 

ii) 𝑃(𝑥 ≤ 3) = 𝑃(5) + 𝑃(6) 

= 6𝐶5
(0.3)5(0.7)1 + 6𝐶6

(0.3)6(0.7)0 

= 0.0102 + 0.0007 
= 0.0109 
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2) The probability that a pen manufactured by a company will be defective is 0.1. If 12 such pens are 
selected at random, find the probability that 
i)Exactly 2 pens will be defective 
ii)Atmost 2 pens will be defective 
iii)None will be defective 
 
Soln: Let the probability that a pen manufactured is defective, p=0.1 
  then, q = 1-p = 1-0.1 = 0.9 and given n=12 

 Hence 𝑃(𝑋 = 𝑥) = 𝑏(6,0.3, 𝑥) = 12𝐶𝑥
(0.1)𝑥(0.9)12−𝑥 

 

i) The probability that exactly 2 pens will be defective, 𝑃(2) = 12𝐶2
(0.1)2(0.9)12−2 

= (66)(0.01)(0.3487) 
= 0.2301 

 
ii) The probability that atmost 2 pens will be defective, 𝑃(𝑥 ≤ 2) = 𝑃(0) + 𝑃(1) + 𝑃(2) 

= 12𝐶0
(0.1)0(0.9)12 + 12𝐶1

(0.1)1(0.9)11 + 12𝐶2
(0.1)2(0.9)10 

= 0.2824 + 0.3766 + 0.2301 
= 0.8891 

 

iii) The probability that none will be defective, 𝑃(0) = 12𝐶0
(0.1)0(0.9)12 

= (1)(1)(0.2824) 
= 0.2824 

 
3) The number of telephonic lines busy at an instant is a binomial variant with a probability 0.1. If 10 

lines are chosen at random, what is the probability that, 
i)No line is busy 
ii)All lines are busy 
iii)Atleast one line is busy 
iv)Atmost two lines are busy 
 
Soln: Let the probability that a telephonic line is busy p=0.1 
  then q = 1-p = 1-0.1 = 0.9 and number of lines chosen is n = 10 

 Hence 𝑃(𝑋 = 𝑥) = 𝑏(10,0.1, 𝑥) = 10𝐶𝑥
(0.1)𝑥(0.9)10−𝑥 

 

i) The probability that no line is busy, 𝑃(0) = 10𝐶0
(0.1)0(0.9)10 

= (1)(1)(0.3487) 
= 0.3487 

 

ii) The probability that all lines are busy, 𝑃(10) = 10𝐶10
(0.1)10(0.9)0 

= (1)(10−10)(1) 
= 10−10 

 
iii) The probability that atleast one line is busy, 𝑃(𝑥 ≥ 1) = 1 − 𝑃(0) 

= 1 − 10𝐶0
(0.1)0(0.9)10 

= 1 − 0.3487 

= 0.6513 
 

iv) The probability that atmost two lines are busy, 𝑃(𝑥 ≤ 2) = 𝑃(0) + 𝑃(1) + 𝑃(2) 

= 10𝐶0
(0.1)0(0.9)10 + 10𝐶1

(0.1)1(0.9)9 + 10𝐶2
(0.1)2(0.9)8 

= 0.3487 + 0.3874 + 0.1937 

= 0.92968 
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4) When a coin is tossed 4 times, find the probability of getting i)Exactly one head, ii)Atmost three 
heads, iii)Atleast two heads. 
 
Soln: The number o times a coin is tossed, n=4 
  Let x be the binomial variant getting head, p=0.5 
  then q = 1-p = 1-0.5 = 0.5 

  Hence 𝑃(𝑋 = 𝑥) = 𝑏(4,0.5, 𝑥) = 4𝐶𝑥
(0.5)𝑥(0.5)4−𝑥 

= 4𝐶𝑥
(0.5)4 = 4𝐶𝑥

(0.0625) 

 
i) The probability of getting exactly one head, 𝑃(1) = 4𝐶1

(0.0625) = 4 × 0.0625 = 0.25 

 
ii) The probability of getting atmost three heads, 𝑃(𝑥 ≤ 3) = 1 − 𝑃(4) 

= 1 − 4𝐶4
(0.0625) 

= 1 − 0.0625 
= 0.9375 

 
iii) The probability of getting atleast two heads, , 𝑃(𝑥 ≥ 2) = 𝑃(2) + 𝑃(3) + 𝑃(4) 

= 4𝐶2
(0.0625) + 4𝐶3

(0.0625) + 4𝐶4
(0.0625) 

= 0.375 + 0.25 + 0.0625 

= 0.6875 
 

5) The probability of germination of a seed in a packet of seeds is found to be 0.7. If 10 seeds are 
taken for experimenting on germination in a laboratory, find the probability that 
i)8 seeds germinate 
ii)Atleast 8 seeds germinate 
iii)Atmost 8 seeds germinate 
 
Soln: Let X be the binomial variant of seed germination. 
  Given the number of seeds taken for experimenting in laboratory, n=10 
  The probability of germination of a seed in a packet of seeds is, p=0.7 
  then q = 1-p = 1-0.7 = 0.3 

  Hence, 𝑃(𝑋 = 𝑥) = 10𝐶𝑥
(0.7)𝑥(0.3)10−𝑥 

 

i) The probability that exactly 8 seeds germinate, 𝑃(8) = 10𝐶8
(0.7)8(0.3)2 

= (45)(0.0576)(0.09) 
= 0.2334 

 
ii) The probability that atleast 8 seeds germinate, 𝑃(𝑥 ≥ 8) = 𝑃(8) + 𝑃(9) + 𝑃(10) 

= 10𝐶8
(0.7)8(0.3)2 + 10𝐶9

(0.7)9(0.3)1 + 10𝐶10
(0.7)10(0.3)0 

= 0.2334 + 0.1210 + 0.0282 

= 0.3826 
 

iii) The probability that atmost 8 seeds germinate, 𝑃(𝑥 ≤ 8) = 1 − {𝑃(9) + 𝑃(10)} 
= 1 − {10𝐶9

(0.7)9(0.3)1 + 10𝐶10
(0.7)10(0.3)0} 

= 1 − {0.1210 + 0.0282} 
= 0.8508 

 
6) A communication channel receives independent pulses at the rate of 12 pulses per micro second. 

The probability of transmission error is 0.001 for each micro second. Compute the probability of, 
i)No error during a micro second 
ii)1 error 
iii)Atleast 1 error 
iv)2 error 
v)Atmost 2 error 
 
Soln: Let X be the binomial variant of Transmission error. 
  Given the number of pulses per micro second, n=12 
  Let p be the probability of transmission error, p=0.001 
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  then q = 1-p = 1-0.001 = 0.999 
   
  The pmf of binomial distribution is, 𝑃(𝑋 = 𝑥) = 𝑃(𝑥) = 𝑛𝐶𝑥

𝑝𝑥𝑞𝑛−𝑥 

         = 12𝐶𝑥
(0.001)𝑥(0.999)12−𝑥 

 

i) The probability of no error during a micro second, 𝑃(0) = 12𝐶0
(0.001)0(0.999)12 

= (1)(1)(0.9880) 
= 0.9880 

 

ii) The probability of only one error during a micro second, 𝑃(1) = 12𝐶1
(0.001)1(0.999)11 

= (12)(0.001)(0.9890) 
= 0.01186 

 
iii) The probability of atleast one error during a micro second, 𝑃(𝑥 ≥ 1) = 1 − 𝑃(0) 

= 1 − 12𝐶0
(0.001)0(0.999)12 

= 1 − 0.9880 
= 0.0120 

 

iv) The probability of two error during a micro second, 𝑃(2) = 12𝐶2
(0.001)2(0.999)10 

= (66)(0.000001)(0.9900) 
= 0.00006534 

 
v) The probability of atmost two error during a micro second, 𝑃(𝑥 ≤ 2) = 𝑃(0) + 𝑃(1) + 𝑃(2) 

= 12𝐶0
(0.001)0(0.999)12 + 12𝐶1

(0.001)1(0.999)11 + 12𝐶2
(0.001)2(0.999)10 

= 0.9880 + 0.01186 + 0.00006534 

= 0.999925 
 

7) In 800 families with 5 children each, how many family would be expected to have, 
i)3 boys 
ii)5 girls 
iii)Atmost 2 girls 
iv)Either 2 or 3 boys 
by assuming probability for boys and girls to be equal. 
 
Soln:  The total number of families given is 800 and number of children per family is, n=5 
  Given the probability of boy or girl to born, p=0.5 
  then q = 1-p = 1-0.5 = 0.5 
   

The pmf of binomial distribution is, 𝑃(𝑋 = 𝑥) = 𝑃(𝑥) = 𝑛𝐶𝑥
𝑝𝑥𝑞𝑛−𝑥 = 5𝐶𝑥

(0.5)𝑥(0.5)5−𝑥 

         = 5𝐶𝑥
(0.5)5 = 5𝐶𝑥

(0.03125) 

 
i) The probability to have exactly 3 boys, 𝑃(3) = 5𝐶3

(0.03125) 

= (10)(0.03125) 
= 0.3125 

  The total number of families may have exactly 3 boys = 800 × 0.3125 = 250. 
 

ii) The probability to have exactly 5 girls, 𝑃(5) = 5𝐶5
(0.03125) 

= (1)(0.03125) 
= 0.03125 

  The total number of families may have exactly 5 girls, = 800 × 0.03125 = 25. 
 

iii) The probability to have atmost two girls, 𝑃(𝑥 ≤ 2) = 𝑃(0) + 𝑃(1) + 𝑃(2) 

= 5𝐶0
(0.03125) + 5𝐶1

(0.03125) + 5𝐶2
(0.03125) 

= 0.03125 + 0.15625 + 0.3125 
= 0.5 

  The total number of families may have atmost two girls, = 800 × 0.5 = 400. 
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iv) The probability to have either 2 or 3 boys, 𝑃(2 ≤ 𝑥 ≤ 3) = 𝑃(2) + 𝑃(3) 
= 5𝐶2

(0.03125) + 5𝐶3
(0.03125) 

= 0.03125 + 0.03125 

= 0.0625 

  The total number of families may have either 2 or 3 boys, = 800 × 0.0625 = 500. 
 
 
Poisson Distribution: 

 Let X be the discrete random variable for any real value  , such that the probability mass function of 
poisson distribution can be defined as, 
 

𝑃(𝑋 = 𝑥) = 𝑃(𝑥) = {
𝑒−𝑥

𝑥!
   , 𝑥 ≥ 0

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

where,  is called the parameter and, 
 

i) 𝑃(𝑋 = 𝑥) = 𝑃(𝑥) ≥ 0 
 

ii) ∑ 𝑃(𝑥) = ∑
𝑒−𝜆𝜆𝑥

𝑥!
𝑛
𝑥−0

𝑛
𝑥=0 = 1 

 
iii) Mean 𝜇 = 𝑛𝑝 = 𝜆 

 

iv) Vairance 𝜎2 = 𝜆, S.D = √𝜆 
 
 

The poisson distribution can be used to find the probabaility that an event might happen a definite 
number of times based on how often it usually occurs and the companies can utilize the poisson 
distribution to examine how they may be able to take steps to improve their operational effieciency. 
 
 
 
MEAN & VARIANCE OF A POISSON DISTRIBUTION: 
 
WKT, the probability mass function of the poisson distribution is, 

𝑃(𝑋 = 𝑥) = 𝑃(𝑥) = {
𝑒−𝑥

𝑥!
      , 𝑥 ≥ 0

0           , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 
i) Mean:  

𝜇 = 𝐸(𝑥) = ∑ 𝑥𝑃(𝑥)
∞

𝑥=0
 

 

= ∑ 𝑥 
𝑒−𝑥

𝑥!

∞

𝑥=0
 

 

= ∑ 𝑥
𝑒−𝑥−1

𝑥(𝑥 − 1)!

∞

𝑥=0
 

 

= ∑
𝑒−𝑥−1

(𝑥 − 1)!

∞

𝑥=1
 

 
= (1) 

 
𝜇 =  

 
ii) Variance: 
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𝜎2 = 𝐸(𝑥2) − 𝜇2  − − − −(1) 
 

= 𝐸(𝑥(𝑥 − 1) + 𝑥) − 𝜇2 
 

= 𝐸(𝑥(𝑥 − 1)) + 𝐸(𝑥) − 𝜇2 − − − −(2) 

 

 𝐸(𝑥(𝑥 − 1)) = ∑ 𝑥(𝑥 − 1)𝑃(𝑥)
∞

𝑥=0
 

 

= ∑ 𝑥(𝑥 − 1)
𝑒−𝑥

𝑥!

∞

𝑥=0
 

 

= ∑ 𝑥(𝑥 − 1) 
𝑒−𝑥−22

𝑥(𝑥 − 1)(𝑥 − 2)!

∞

𝑥=0
 

 

= 2 ∑
𝑒−𝑥−2

(𝑥 − 2)!

∞

𝑥=2
 

 

= 2(1) 
 

𝐸(𝑥(𝑥 − 1)) = 2(1) 
 

(2) ⇒ 𝜎2 = 2 +  − 2 
 

⇒ 𝜎2 =  
 

𝑆. 𝐷 = 𝜎 = √ 
 

𝑀𝑒𝑎𝑛 =  = 𝑛𝑝 
 

PROBLEMS 
1) The number of accidents in a year to taxi drivers in a city follows a poisson distribution with mean 

3. Out of 1000 taxi drivers find approximately the number of drivers with, 
i)No accident in a year 
ii)More than 3 accidents in a year. 
 
Soln: Let X be the poisson variant follows accident in the year of the poisson distribution. 

  The probability mass function of the poisson distribution is 𝑃(𝑋 = 𝑥) =
𝑒−𝑥

𝑥!
 

  Given the mean of poisson distribution is 𝜇 =  = 3 

  𝑃(𝑋 = 𝑥) =
𝑒−33𝑥

𝑥!
  

 
i) No accident in a year out of 1000 taxi drivers = 1000 × 𝑃(0) 

= 1000 ×
𝑒−330

0!
 

= 1000 × 0.05 
= 50 

Hence 50 drivers out of 1000 having no accidents in a year. 
 

ii) More than 3 accidents in a year out of 1000 taxi drivers = 1000 × 𝑃(𝑥 > 3) 

= 1000 × [1 − 𝑃(𝑥 ≤ 3)] 
= 1000 × [1 − 𝑃(0) − 𝑃(1) − 𝑃(2]) − 𝑃(3)] 

= 1000 × [1 −
𝑒−330

0!
−

𝑒−331

1!
−

𝑒−332

2!
−

𝑒−333

3!
] 

= 1000 × (1 − (𝑒−3 + 𝑒−3(3) + 𝑒−3 (
9

2
) + 𝑒−3 (

27

6
))) 
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= 1000 × (1 − 0.06472) = 352.8 
= 353 

  Therefore 353 drivers out of 1000 have done more than 3 accidents in the year. 
 

2) In a certain factory turning out razor blades there is a small probability of 
𝟏

𝟓𝟎𝟎
 for any blade to be 

defective. The blades are supplied in a packets of 10. Use poisson distribution to calculate 
approximate number of packets containing, 
i)No defective 
ii)2 defective 
iii)3 defective 
in the consignment of 10000 packets. 
 
Soln: Let X be the poisson variant follows the blades to be defective of the poisson distribution. 

  The probability mass function of the poisson distribution is 𝑃(𝑋 = 𝑥) =
𝑒−𝑥

𝑥!
 

  Given, p=
1

500
= 0.002 , n=10, 𝜇 = 𝑛𝑝 = 0.002 × 10 = 0.02 =  

𝑃(𝑋 = 𝑥) =
𝑒−0.02(0.02)𝑥

𝑥!
 

i) No blades are defective out 10000 packets = 10000 × 𝑃(𝑥 = 0) 

= 10000 ×
𝑒−0.02(0.02)0

0!
 

= 10000 × 0.9802 
= 9802 

9802 packet blades are not defective out of 10000 packets. 
 

ii) 2 defective blades out of 10000 packets = 10000 × 𝑃(𝑥 = 2) 

= 10000 ×
𝑒−0.02(0.02)2

2!
 

= 10000 × 0.0002 
= 2 

2 packets blades are 2 defective out of 10000 packets. 
 

iii) 3 defective blades out of 10000 packets = 10000 × 𝑃(𝑥 = 3) 

= 10000 ×
𝑒−0.02(0.02)3

3!
 

= 10000 × 0.0000 
= 0 

No packets blades are 3 defective out of 10000 packets. 
 

3) If the probability of bad reaction from a certain injection is 0.001, determine the probability that out 
of 2000 individuals more than 2 will get a bad reaction. 
 
Soln: Let X be the poisson variant follows the bad reaction of the injection. 

  WKT, The probability mass function of the poisson distribution is 𝑃(𝑋 = 𝑥) =
𝑒−𝑥

𝑥!
 

  Given, n=2000, p=0.001 and 𝜇 = 𝑛𝑝 = 2000 × 0.001 = 2 =  

  𝑃(𝑋 = 𝑥) =
𝑒−2(2)𝑥

𝑥!
 

 The probability that of more than two individuals get bad reaction = 𝑃(𝑥 > 2) 

= 1 − 𝑃(𝑥 ≤ 2) 
= 1 − [𝑃(0) + 𝑃(1) + 𝑃(2)] 

= 1 −
𝑒−2(2)0

0!
−

𝑒−2(2)1

1!
−

𝑒−2(2)2

2!
 

= 1 −
5

𝑒2
= 0.3233 

4) The probability that a news reader commits no mistakes in reading the news is 
𝟏

𝒆𝟑 . Find a probability 

on a particular news broadcast he commits, 
i)Only 2 mistakes 
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ii)More than 3 mistakes 
iii)Atmost 3 mistakes 
 
Soln: Let X be the poisson variant follows the news reader do mistakes of the poisson distribution. 

  The probability mass function of the poisson distribution is 𝑃(𝑋 = 𝑥) =
𝑒−𝑥

𝑥!
 

  Given, 𝑃(𝑋 = 0) =
1

𝑒3 

 
𝑒−0

0!
=

1

𝑒3 ⇒
1

𝑒𝜆 =
1

𝑒3 ⇒ 𝜆 = 3 

𝑃(𝑋 = 𝑥) =
𝑒−3(3)𝑥

𝑥!
 

 
i) The probability that news reader can do 2 mistakes = 𝑃(2) 

=
𝑒−3(3)2

2!
 

= 0.2240 
 

ii) The probability that the news reader can do more than 3 mistakes 𝑃(𝑥 > 3) = 1 − 𝑃(𝑥 ≤ 3) 
⇒ 𝑃(𝑥 > 3) = 1 − [𝑃(0) + 𝑃(1) + 𝑃(2) + 𝑃(3)] 

⇒ 𝑃(𝑥 > 3) = 1 − 𝑒−3 [
30

0!
+

31

1!
+

32

2!
+

33

3!
] 

⇒ 𝑃(𝑥 > 3) = 1 − 0.05(1 + 3 + 4.5 + 4.5) 
⇒ 𝑃(𝑥 > 3) = 1 − 0.65 
⇒ 𝑃(𝑥 > 3) = 0.3500 

 
iii) The probability that the news reader can do atmost 3 mistakes = 𝑃(𝑥 ≤ 3) 

⇒ 𝑃(𝑥 ≤ 3) = 𝑃(𝑥 = 0) + 𝑃(𝑥 = 1) + 𝑃(𝑥 = 2) + 𝑃(𝑥 = 3) 

⇒ 𝑃(𝑥 ≤ 3) = 𝑒−3 [
30

0!
+

31

1!
+

32

2!
+

33

3!
] 

⇒ 𝑃(𝑥 ≤ 3) = (0.05)(1 + 3 + 4.5 + 4.5) 
⇒ 𝑃(𝑥 ≤ 3) = 0.6500 

 
 

5) Suppose 300 misprints are randomly distributed throughout a book of 500 pages, find the 
probability that a given page contains, 
i)Exactly 3 misprints 
ii)Less than 3 misprints 
iii)4 or more misprints 
 
Soln: Let X be the poisson variant of misprints throughout a book of 500 pages. 

  The probability mass function of the poisson distribution is 𝑃(𝑋 = 𝑥) =
𝑒−𝑥

𝑥!
 

  Given, suppose 300 misprints are randomly distributed throughout a book of 500 pages. 

Mean  =
300

500
= 0.6 

 WKT, the pmf of poisson distribution is 𝑃(𝑋 = 𝑥) =
𝑒−𝑥

𝑥!
 

 
i) The probability that exactly 3 misprints = 𝑃(3) 

=
𝑒−0.6(0.6)3

3!
 

= 0.01975 
 

ii) The probability that there are less than three misprints 𝑃(𝑥 < 3) = 𝑃(0) + 𝑃(1) + 𝑃(2) 
 

⇒ 𝑃(𝑥 < 3) =
𝑒−0.6(0.6)0

0!
+

𝑒−0.6(0.6)1

1!
+

𝑒−0.6(0.6)2

2!
 

⇒ 𝑃(𝑥 < 3) = 𝑒−0.6[1 + 0.6 + 0.18] 
⇒ 𝑃(𝑥 < 3) = 0.5488 × 1.78 
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⇒ 𝑃(𝑥 < 3) = 0.9768 
 

iii) The probability that there are 4 or more misprints, 𝑃(𝑥 ≥ 4) = 1 − 𝑃(𝑥 < 4) 
 

⇒ 𝑃(𝑥 ≥ 4) = 1 − 𝑃(0) − 𝑃(1) − 𝑃(2) − 𝑃(3) 
 

⇒ 𝑃(𝑥 ≥ 4) = 1 −
𝑒−0.6(0.6)0

0!
−

𝑒−0.6(0.6)1

1!
−

𝑒−0.6(0.6)2

2!
−

𝑒−0.6(0.6)3

3!
 

 
⇒ 𝑃(𝑥 ≥ 4) = 1 − 𝑒−0.6(1 + 0.6 + 0.18 + 0.036) 

 
= 1 − 0.5488 × 1.816 = 0.00338 

 
 

6) A certain screw making machine produces an average 2 defective out of 100 and packs of them in 
boxes of 500. Find the probability that the box contains, 
i)3 defective 
ii)Atleast 1 defective 
iii)Between 2 & 4 defective 
 

Soln: Given the machine producing an average defective screw is 𝑝 =
2

100
= 0.02 

  also given, n=500,  𝜇 = 𝑛𝑝 = 500 × 0.02 = 10 =  
 

The probability mass function of the poisson distribution is 𝑃(𝑋 = 𝑥) =
𝑒−𝑥

𝑥!
 

 

𝑃(𝑋 = 𝑥) =
𝑒−10(10)𝑥

𝑥!
 

 
 

i) The probability that exactly 3 defective = 𝑃(3) 

=
𝑒−10(10)3

3!
 

= 0.007566 
 

ii) The probability that atleast 1 screw is defective = 1 − 𝑃(0) 

= 1 −
𝑒−10(10)0

0!
 

= 1 − 0.0000454 
= 0.9999546 

 
iii) The probability that between 2 & 4 screw will be defective = 𝑃(2 ≤ 𝑥 ≤ 4) 

= 𝑃(2) + 𝑃(3) + 𝑃(4) 
 

=
𝑒−10(10)2

2!
+

𝑒−10(10)3

3!
+

𝑒−10(10)4

4!
 

 

= 𝑒−10 (
100

2
+

1000

6
+

10000

24
) 

 
= 𝑒−10 × 633.32 

 
= 0.02875 

 
Exponential Distribution: 
 Let X be a continuous random variable for any real value 𝛼 > 0, then the probability density function 

of an exponential distribution can be defined as, 𝑃(𝑋 = 𝑥) = 𝑓(𝑥) = {
𝛼𝑒−𝛼𝑥, 𝑥 > 0

0     , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
, it follows: 
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i) 𝑓(𝑥) ≥ 0 

 

ii) ∫ 𝑓(𝑥)
∞

−∞
𝑑𝑥 = 1 

 

iii) 𝑀𝑒𝑎𝑛 𝜇 =
1

𝛼
 

 

iv) 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝜎2 =
1

𝛼2 

 

v) 𝑆. 𝐷 𝑜𝑓 𝐸𝑥𝑝𝑜𝑛𝑒𝑛𝑡𝑖𝑎𝑙 𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛, 𝜎 =
1

𝛼

 
PROBLEMS 

1) If X is an Exponential variant with mean 3, then find 𝑷(𝒙 > 𝟏) & 𝑷(𝒙 < 𝟑). 
 
Soln: Given X be a continuous random variable of an Exponential distribution is, 

  𝑃(𝑋 = 𝑥) = 𝑓(𝑥) = {
𝛼𝑒−𝛼𝑥 , 𝑓𝑜𝑟𝑥 ≥ 0

0 , 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 and given the mean of exponential distribution is 3. 

 ⇒ 𝜇 = 3 ⇒
1

𝛼
= 3 ⇒ 𝛼 =

1

3
 

 ∴ 𝑓(𝑥) = {
1

3
𝑒−

𝑥

3 𝑓𝑜𝑟𝑥 ≥ 0

0 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 

i) 𝑃(𝑥 > 1) = ∫ 𝑓(𝑥)𝑑𝑥 =
1

3

∞

1 ∫ 𝑒
−𝑥

3
∞

1
𝑑𝑥 = − [𝑒

−𝑥

3 ]
1

∞

= − [𝑒−∞ − 𝑒
−1

3 ] = − [0 − 𝑒
−1

3 ] = 𝑒
−1

3  

 

ii) 𝑃(𝑥 < 3) = ∫ 𝑓(𝑥)𝑑𝑥
3

−∞
= ∫ 𝑓(𝑥)𝑑𝑥 + ∫ 𝑓(𝑥)𝑑𝑥

3

0
= 0 +

1

3

0

−∞ ∫ 𝑒
−𝑥

3
3

0
𝑑𝑥 = − [𝑒

−𝑥

3 ]
0

3

= −[𝑒−1 − 𝑒0] = 1 −
1

𝑒
 

  
2) If X is an exponential variant with mean 4, then find 𝑷(𝟎 < 𝒙 < 𝟏), 𝑷(𝒙 > 𝟐) & 𝑷(−∞ < 𝒙 < 𝟏𝟎). 

 
Soln: Given X be a continuous random variable of an exponential distribution is, 

  𝑓(𝑥) = {
𝛼𝑒−𝛼𝑥 , 𝑓𝑜𝑟𝑥 ≥ 0

0 , 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 and given the mean of exponential distribution is 4. 

 ⇒ 𝜇 = 4 ⇒
1

𝛼
= 4 ⇒ 𝛼 =

1

4
 

 ∴ 𝑓(𝑥) = {
1

4
𝑒−

𝑥

4 , 𝑥 ≥ 0

0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 

𝑃(0 < 𝑥 < 1) = ∫ 𝑓𝑟(𝑥)𝑑𝑥 =
1

4

1

0

∫ 𝑒
−𝑥
4

1

0

𝑑𝑥 = − [𝑒
−𝑥
4 ]

0

1

= − [𝑒
−1
4 − 𝑒0] = 1 −

1

𝑒
1
4

 

 

𝑃(𝑥 > 2) = ∫ 𝑓𝑟(𝑥)𝑑𝑥 =
1

4

∞

2

∫ 𝑒
−𝑥
4

∞

2

𝑑𝑥 = − [𝑒
−𝑥
4 ]

2

∞

= − [𝑒−∞ − 𝑒
−2
4 ] = 𝑒

−1
2  

 

𝑃(−∞ < 𝑥 < 10) = ∫ 𝑓𝑟(𝑥)𝑑𝑥 = ∫ 𝑓𝑟(𝑥)𝑑𝑥 + ∫ 𝑓𝑟(𝑥)𝑑𝑥
10

0

= 0 +
1

4

0

−∞

10

−∞

∫ 𝑒
−𝑥
4

10

0

𝑑𝑥 

 

⇒ 𝑃(−∞ < 𝑥 < 10) = − [𝑒
−𝑥
4 ]

0

10

= − [𝑒
−10

4 − 𝑒0] = 1 −
1

𝑒
5
2

 

 
3) In a certain town the duration of shower has mean 5 minutes, what is the probability that shower 

will last for, 
i)10 minutes and more 
ii)Less than 10 minutes 
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iii)Between 10 & 12 minutes. 
 
Soln: Given X be a continuous random variable of an exponential distribution is, 

  𝑓(𝑥) = {
𝛼𝑒−𝛼𝑥 , 𝑥 ≥ 0

0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 and given the mean of exponential distribution is 5. 

 ⇒ 𝜇 = 5 ⇒
1

𝛼
= 5 ⇒ 𝛼 =

1

5
 

 ∴ 𝑓(𝑥) = {
1

5
𝑒−

𝑥

5 , 𝑥 ≥ 0

0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 

i) The probability that the shower will last 10 minutes and more is, 
 

𝑃(𝑥 ≥ 10) = ∫ 𝑓(𝑥)𝑑𝑥
∞

10

= ∫
1

5
𝑒−

𝑥
5𝑑𝑥 =

1

5

∞

10

∫ 𝑒−
𝑥
5𝑑𝑥

∞

10

= − [𝑒−
𝑥
5]

10

∞

= −[0 − 𝑒−2] =
1

𝑒2
 

 

ii) The probability that the shower will last less than 10 minutes is, 
 

𝑃(𝑥 < 10) = ∫ 𝑓(𝑥)𝑑𝑥
10

−∞

= ∫ 𝑓(𝑥)𝑑𝑥
0

−∞

+ ∫ 𝑓(𝑥)𝑑𝑥
10

0

 

⇒ 𝑃(𝑥 < 10) = 0 + ∫
1

5
𝑒−

𝑥
5𝑑𝑥 =

1

5

10

0

∫ 𝑒−
𝑥
5𝑑𝑥

10

0

= − [𝑒−
𝑥
5]

0

10

= −[𝑒−2 − 1] = 1 −
1

𝑒2
 

 

iii) The probability that the shower will last between 10 & 12 minutes is, 
 

𝑃(10 < 𝑥 < 12) = ∫ 𝑓(𝑥)𝑑𝑥
12

10

= ∫
1

5
𝑒−

𝑥
5𝑑𝑥 =

1

5

12

10

∫ 𝑒−
𝑥
5𝑑𝑥

12

10

 

⇒ 𝑃(10 < 𝑥 < 12) = − [𝑒−
𝑥
5]

10

12

= − [𝑒
−12

5 − 𝑒−2] =
1

𝑒
12
5

−
1

𝑒2
 

 
 
4) The life of a TV tube manufactured by a company is known to have mean 200 months. Assuming 

that the life of tube has an exponential distribution, find the probability that the life of a tube 
manufactured by a company is, 
i)Less than 200 months 
ii)Between 100 & 300 months 
iii)More than 200 months 
 
Soln: Given X be a continuous random variable of an exponential distribution is, 

  𝑓(𝑥) = {
𝛼𝑒−𝛼𝑥 , 𝑥 ≥ 0

0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 and given the mean of exponential distribution is 200 months. 

 ⇒ 𝜇 = 200 ⇒
1

𝛼
= 200 ⇒ 𝛼 =

1

200
 

 ∴ 𝑓(𝑥) = {
1

200
𝑒−

𝑥

200 , 𝑥 ≥ 0

0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 

i) The probability that the life of a tube is less than 200 months is, 
 

𝑃(𝑥 < 200) = ∫ 𝑓(𝑥)𝑑𝑥
200

−∞

= ∫
1

200
𝑒

−𝑥
200𝑑𝑥 =

1

200

200

0

∫ 𝑒
−𝑥
200𝑑𝑥

200

0

= − [𝑒
−𝑥
200]

0

200

= −[𝑒−1 − 𝑒0] = 1 −
1

𝑒
 

 

ii) The probability that the life of a tube is between 100 & 300 months is, 

𝑃(100 ≤ 𝑥 ≤ 300) = ∫ 𝑓(𝑥)𝑑𝑥
300

100

= ∫
1

200
𝑒−

𝑥
200𝑑𝑥 =

1

200

300

100

∫ 𝑒−
𝑥

200𝑑𝑥
300

100
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⇒ 𝑃(100 ≤ 𝑥 ≤ 300) = − [𝑒−
𝑥

200]
100

300

= − [𝑒
−3
2 − 𝑒

−1
2 ] =

1

𝑒
1
2

−
1

𝑒
3
2

 

 

iii) The probability that the life of a tube is more than 200 months is, 
 

𝑃(𝑥 > 200) = ∫ 𝑓(𝑥)𝑑𝑥
∞

200

= ∫
1

200
𝑒

−𝑥
200𝑑𝑥 

∞

200

 

 

⇒ 𝑃(𝑥 > 200) =
1

200
∫ 𝑒

−𝑥
200𝑑𝑥

∞

200

= − [𝑒
−𝑥
200]

200

∞

= − [𝑒
−∞
200 − 𝑒−1] = 𝑒−1 =

1

𝑒
 

 
5) The length of a telephone conversation is an exponential variant with mean 3 minutes. Find the 

probability that a call, 
i)ends in less than 3 minutes 
ii)ends between 3 & 5 minutes 
iii)ends in more than 4 minutes 
 
Soln: Given X be a continuous random variable of an exponential distribution is, 

  𝑓(𝑥) = {
𝛼𝑒−𝛼𝑥 , 𝑥 ≥ 0

0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 and given the mean of exponential distribution is 3 minutes. 

 ⇒ 𝜇 = 3 ⇒
1

𝛼
= 3 ⇒ 𝛼 =

1

3
 

 ∴ 𝑓(𝑥) = {
1

3
𝑒−

𝑥

3 , 𝑥 ≥ 0

0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 

i) The probability that the conversation ends in less than 3 minutes is, 
 

𝑃(𝑥 < 3) = ∫ 𝑓(𝑥)𝑑𝑥
3

−∞

= ∫
1

3
𝑒

−𝑥
3 𝑑𝑥 =

1

3

3

0

∫ 𝑒
−𝑥
3 𝑑𝑥

3

0

= − [𝑒
−𝑥
3 ]

0

3

= −[𝑒−1 − 𝑒0] = 1 −
1

𝑒
 

 

ii) The probability that the conversation ends in between 3 & 5 minutes is, 

𝑃(3 ≤ 𝑥 ≤ 5) = ∫ 𝑓(𝑥)𝑑𝑥
5

3

= ∫
1

3
𝑒

−𝑥
3 𝑑𝑥 =

1

3

5

3

∫ 𝑒
−𝑥
3 𝑑𝑥

5

3

 

 

⇒ 𝑃(100 ≤ 𝑥 ≤ 300) = − [𝑒−
𝑥
3]

3

5

= − [𝑒
−5
3 − 𝑒−1] =

1

𝑒
−

1

𝑒
5
3

 

 

iii) The probability that the conversation ends in more than 4 minutes is, 
 

𝑃(𝑥 > 4) = ∫ 𝑓(𝑥)𝑑𝑥
∞

4

= ∫
1

3
𝑒

−𝑥
3 𝑑𝑥 

∞

4

 

 

⇒ 𝑃(𝑥 > 4) =
1

3
∫ 𝑒

−𝑥
3 𝑑𝑥

∞

4

= − [𝑒
−𝑥
3 ]

4

∞

= − [𝑒
−∞

3 − 𝑒
−4
3 ] = 𝑒

−4
3 =

1

𝑒
4
3

 

 
 
 
 
 
 
Normal Distribution: 

 Let X be a continuous random variable for any real  𝜇 𝑎𝑛𝑑 𝜎2 , the normal distribution can be defined 
as, 

 𝑓(𝑥) =
1

𝜎√2𝜋
𝑒

−(𝑥−𝜇)2

2𝜎2  , 
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 where −∞ ≤ 𝑥 ≤ ∞ , −∞ ≤ 𝜇 ≤ ∞ and here 𝜇 , 𝜎2(> 0) are called the mean and variance of the 
normal distribution i.e., widely used in statistical inference, hypothesis testing, data analysis, i.e., to analysis 
the data when there is an equal chance for the data to be above and below the average value of the 
continuous data. The normal is also known as Gaussian distribution (or) Probability Bell Curve. The normal 
distribution is a probability distribution i.e., symmetric about the mean, showing that data near the mean are 
more frequent in occurrence than data far from the mean. 
 The normal distribution follows as, 

 𝑃(𝑎 ≤ 𝑥 ≤ 𝑏) = ∫ 𝑓(𝑥)𝑑𝑥
𝑏

𝑎
 

⇒ 𝑃(𝑎 ≤ 𝑥 ≤ 𝑏) = ∫
1

𝜎√2𝜋
𝑒

−(𝑥−𝜇)2

2𝜎2 𝑑𝑥
𝑏

𝑎

 

 

⇒ 𝑃(𝑎 ≤ 𝑥 ≤ 𝑏) = ∫
1

𝜎√2𝜋
𝑒

−(
𝑥−𝜇

𝜎
)

2

2 𝑑𝑥
𝑏

𝑎

 

 

𝐿𝑒𝑡 𝑍 =
𝑥 − 𝜇

𝜎
 

 

                                                Where 𝑧 =
𝑥−𝜇

𝜎
 , 𝑧1 =

𝑎−𝜇

𝜎
 , 𝑧2 =

𝑏−𝜇

𝜎
 

and 𝐹(𝑧) =
1

√2𝜋
𝑒−

𝑧2

2  is called the standard normal function 

and 𝑧 =
𝑥−𝜇

𝜎
 is called the standard normal variate. 

when 𝑧1 = 0 , 𝑧2 = 𝑧 , then the normal curve over 0 to 𝑧 is defined as 

𝐴(𝑧) = 𝜑(𝑧) =
1

√2𝜋
∫ 𝑒−

𝑧2

2

𝑧

0

𝑑𝑧 

where  these values will be taken from Area table of normal distribution. 

 
 
 
 
 

Sl.N
o. 

Probability Range Result Graph 
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1 𝑃(−∞ < 𝑧 < ∞) 1 

 
 

2 𝑃(−∞ < 𝑧 < 0) = 𝑃(0 < 𝑧 < ∞) 0.5 

 
 

3 𝑃(−𝑧1 < 𝑧 < 𝑧1) = 2𝑃(0 < 𝑧 < 𝑧1) 2𝐴(𝑧1) 

 

4 
𝑃(−∞ < 𝑧 < 𝑧1) = 0.5 + 𝑃(0 < 𝑧

< 𝑧1) 
0.5+𝐴(𝑧1) 

 

5 
𝑃(𝑧1 < 𝑧 < ∞) = 𝑃(0 < 𝑧 < ∞) − 𝑃(0

< 𝑧 < 𝑧1) 
0.5-𝐴(𝑧1) 

 

6 
𝑃(𝑧1 < 𝑧 < 𝑧2) = 𝑃(0 < 𝑧

< 𝑧2) − 𝑃(0 < 𝑧 < 𝑧1) 
𝐴(𝑧2) -
𝐴(𝑧1) 

 

7 
𝑃(−𝑧1 < 𝑧 < 𝑧2) = 𝑃(0 < 𝑧

< 𝑧2) + 𝑃(0 < 𝑧 < 𝑧1) 
𝐴(𝑧2) 

+𝐴(𝑧1) 
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PROBLEMS 
 

1) The marks of 1000 students in an examination follows normal distribution with mean   
          70 and standard deviation 5. Find the number students whose marks will be 
 i) Less than 65 
  i) More than 75  
 ii) Between 65 and 75. [A(1)=0.3413] 
    Sol. 
  Let X be the continuous random variable  
 Given  
 Mean of the Normal distribution 𝜇 = 70 
 Standard deviation of the Normal distribution 𝜎 = 5 

 ∴The standard normal variate 𝑧 =
𝑥−𝜇

𝜎
⇒ 𝑧 =

𝑥−70

5
  

 When 𝑥 =65 then 𝑧 =
65−70

5
= −1 

 When 𝑥 =75 then 𝑧 =
5−70

5
= 1 

 i) No.0f students scored less than 65 marks=𝑃(𝑥 < 65) = 𝑃(𝑧 < −1) = 
𝑃(𝑧 > 1) = 0.5 − 𝐴(1) = 0.5 − 0.3413 = 0.1587

  No.0f students scored less than 65 marks out of 1000 students=1000x0.1587=158.7=159 
 
 
 
 
 
 
 
 
 
 
 ii) No.0f students scored more than 75 marks=𝑃(𝑥 > 75) = 𝑃(𝑧 > 1) = 

𝑃(𝑧 > 1) = 0.5 − 𝐴(1) = 0.5 − 0.3413 = 0.1587 
 No.0f students scored more than 75 marks out of 1000 students=1000x0.1587=158.7=159 
 iii) No.0f students scored marks between 65 and 75 =𝑃(65 < 𝑥 < 75) = 𝑃(−1 < 𝑧 < 1) 

         = 2𝑃(0 < 𝑧 < 1) 
= 2𝐴(1) 
= 2 × 0.3413 
= 0.6826 

 No.0f students scored between65 and 75 marks out of 1000 students=1000x0.6826 
              =682.6=683 

 
 
2)  200 students appeared in an examination, distribution of marks is assumed to be    
       normal with mean 30 and standard deviation 6.25, how many students are expected to  
       get marks . 
 i) Between 20 and 40 
 ii) Less than 35 [A(1.6)=0.4452 , A(0.8)=0.2881] 
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      Sol. 
 Let X be the continuous random variable  
 Given  
 Mean of the Normal distribution 𝜇 = 30 
 Standard deviation of the Normal distribution 𝜎 = 6.25 

 ∴The standard normal variate 𝑧 =
𝑥−𝜇

𝜎
⇒ 𝑧 =

𝑥−30

6.25
  

 When 𝑥 =20 then 𝑧 =
20−30

6.25
= −1.6 

 When 𝑥 =40 then 𝑧 =
40−30

6.25
= 1.6 

 When 𝑥 =35 then 𝑧 =
35−30

6.25
= 0.8 

 The probability that number of students expected to score between 20 and 40 marks: 
𝑃(20 < 𝑥 < 40) = 𝑃(−1.6 < 𝑧 < 1.6) 
⇒ 𝑃(20 < 𝑥 < 40) = 2 × 𝑃(0 < 𝑧 < 1.6) 
⇒ 𝑃(20 < 𝑥 < 40) = 2 × 𝐴(1.6) 
⇒ 𝑃(20 < 𝑥 < 40) = 2 × 0.4452 = 0.8904 = 0.9 

  
 The number of students expected to score between 20 and 40 marks out of 200: 
 The probability that number of students expected to score less than 35: 
   = 𝑃(𝑥 < 35) = 𝑃(𝑧 < 0.8) 

= 𝐴(0.8) = 0.2881 = 0.3 
 

The number of students expected to score less than 35 marks out of 200:   
 =200x0.3=60 
 
3)  The weekly wages of workers in a company are normally distributed with mean of  
         Rs.700 and S.D. of Rs.50.Find the probability that the weekly wage of randomly 
         chosen workers is i) Between Rs.650 and Rs.750 ii) More than Rs.750. 
    Sol. 
 Let X be the continuous random variable  
 Given  
 Mean of the Normal distribution 𝜇 = 700 

 Standard deviation of the Normal distribution 𝜎 = 50 

 ∴The standard normal variate 𝑧 =
𝑥−𝜇

𝜎
⇒ 𝑧 =

𝑥−700

50
  

 When 𝑥 =650 then 𝑧 =
650−700

50
= −1 

 When 𝑥 =750 then 𝑧 =
750−700

50
= 1 

 The probability of the weekly wages between Rs.659 and Rs.750 is: 
 
     𝑃(650 < 𝑥 < 750) = 𝑃(−1 < 𝑧 < 1) 

⇒ 𝑃(650 < 𝑥 < 750) = 2 × 𝑃(0 < 𝑧 < 1) 
⇒ 𝑃(650 < 𝑥 < 750) = 2 × 𝐴(1) 
⇒ 𝑃(650 < 𝑥 < 750) = 2 × 0.3413 = 0.6826 

  
 The probability of the weekly wages of more than Rs.750 is:     
      = 𝑃(𝑥 > 750) = 𝑃(𝑧 > 1) 

= 0.5 − 𝑃(𝑧 < 1) 
= 0.5 − 0.3413 
= 0.17065 

 
4) In a test on 2000 electric bulbs , it was found that the life of a particular make was    
         normally distributed with an average life of 2040 hours and SD of 60 hours . Estimate    
         the number of bulbs likely to burn for... 
 i) More than 2150 hours 
 ii) Less than 1950 hours 

notesforvtu.in



Inspire before you expire…,  BCS301 

Prepared by: PURUSHOTHAM P, SJC INSTITUTE OF TECHNOLOGY, | 30  

 iii) Between 1920 and 2160 hours. 
 
    Sol. 
 Let X be the continuous random variable  
 Given  
 Mean of the Normal distribution 𝜇 = 2040 
 Standard deviation of the Normal distribution 𝜎 = 60 

 ∴The standard normal variate 𝑧 =
𝑥−𝜇

𝜎
⇒ 𝑧 =

𝑥−2040

60
  

 When 𝑥 =2150 then 𝑧 =
2150−2040

60
= 1.83 

 When 𝑥 =1950 then 𝑧 =
1950−2040

60
= −1.5 

When 𝑥 =1920 then 𝑧 =
1920−2040

60
= −2

 

 
When 𝑥 =2160 then 𝑧 =

2160−2040

60
= 2 

 
 
 i) The probability that the number of bulbs likely to burn of more than 2150 hours:   
     𝑃(𝑥 > 2150) = 𝑃(𝑧 > 1.83) = 

𝑃(𝑧 > 1.83) = 0.5 − 𝐴(1.83) = 0.5 − 0.4664 = 0.0336

  The number of bulbs likely to burn of more than 2150 hours out of 2000 bulbs :    
          =2000x0.0336 
           =67.2=67 
 
 ii) The probability that the number of bulbs likely to burn of less than 1950 hours:                                     
       =𝑃(𝑥 < 1950) = 𝑃(𝑧 < −1.5) = 

𝑃(𝑧 > 1.5) = 0.5 − 𝐴(1.5) = 0.5 − 0.4332 = 0.0668 
 The number of bulbs likely to burn of less than 1950 hours out of 2000 bulbs :    
          =2000x0.0668 
           =133.6=137 
 
 iii) The probability that the number of bulbs likely to burn between 1920 and 2160 hours        
      =𝑃(1920 < 𝑥 < 2160) = 𝑃(−2 < 𝑧 < 2) 

= 2𝑃(0 < 𝑧 < 2) 
= 2𝐴(2) 
= 2 × 0.4772 
= 0.9544 

 The number of bulbs likely to burn between 1920 and 2160 hours out of 2000 bulbs :   
          =2000x0.9544 
                     =1908.8=1909 
 
5) If the life time of a certain types electric bulbs of a particular brand was distributed      
    normally with an average life of 2000 hours and S.D.60 hours. If a firm purchases 2500   
    bulbs, find the  number of bulbs that are likely to last for (i) more than 2100 hours  
                                                                      (ii) less than 1950 hours  
                                                                      (iii) between 1900 and 2100 hours.  
Sol. 
 Let X be the continuous random variable  
 Given  

 Mean of the Normal distribution 2000=  

 Standard deviation of the Normal distribution 60=  

 The standard normal variate 
60

2000−
=

−
=

x
z

x
z





 
 

 When x =1950 then 83.0
60

20001950
−=

−
=z
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 When x =1900 then 66.1
60

20001900
−=

−
=z

 

 
When x =2100 then 66.1

60

20002100
=

−
=z  

 
 
 i) The probability that the number of bulbs likely to burn of more than 2100 hours:   
   𝑃(𝑥 > 2100) = 𝑃(𝑧 > 1.66)=0.5 − 𝐴(1.66) = 0.5 − 0.4515 = 0.0485 
 The number of bulbs likely to burn of more than 2100 hours out of 2500 bulbs:    
          =2500x0.0485 
           =121.25=121 
 
 ii) The probability that the number of bulbs likely to burn of less than 1950 hours:                                     
   =𝑃(𝑥 < 1950) = 𝑃(𝑧 < −0.83) = 0.5 − 𝐴(0.83) = 0.5 − 0.2967 = 0.2033 
 The number of bulbs likely to burn of less than 1950 hours out of 2500 bulbs :    
      =2500x0.2033=508.25=508 
 iii) The probability that the number of bulbs likely to burn between 1900 and 2100 hours        

          = )66.166.1()21001900( −= zPxP  

         

9030.0

4515.02

)66.1(2

)66.10(2

=

=

=

=

A

zP

 

 The number of bulbs likely to burn between 1900 and 2100 hours out of 2500 bulbs :   
          =2500x0.9030 
                     =2257.5=2258 
 
 
6) In a normal distribution , 7% of items are under 35 and 89% of the items are under  
        63.Find the mean and standard deviation of the distribution. 
Sol. 
  
 Let X be the continuous random variable  
 Given  
 Let 𝜇 and𝜎 be the Mean and Standard deviation of the distribution  

 ∴The standard normal variate 𝑧 =
𝑥−𝜇

𝜎
--------------(1) 

 

      When x=35 the standard normal variate 𝑧 =
35−𝜇

𝜎
= 𝑧1(𝑆𝑎𝑦)

 

 
When x=63 the standard normal variate 𝑧 =

63−𝜇

𝜎
= 𝑧2(𝑆𝑎𝑦)

  

 Given  

  
𝑃(𝑥 < 35) = 𝑃(𝑧 < 𝑧1) = 0.07

 
  

⇒ 𝑃(𝑧 < 𝑧1) = 𝑃(−∞ < 𝑧 < 0) − 𝑃(0 < 𝑧 < 𝑧1) = 0.07 
⇒ 0.5 − 𝐴(𝑧1) = 0.07 
⇒ 𝐴(𝑧1) = 0.5 − 0.07 

 
 
   ⇒ 𝐴(𝑧1) = 𝐴(−1.47) 

⇒ 𝑧1 = −1.47 

⇒
35 − 𝜇

𝜎
= −1.47 

⇒ 𝜇 − 1.47𝜎 = 35 − − − − − −(2) 
                    And  𝑃(𝑥 < 63) = 𝑃(𝑧 < 𝑧2) = 0.89

 
  

⇒ 𝑃(𝑧 < 𝑧2) = 𝑃(−∞ < 𝑧 < 0) + 𝑃(0 < 𝑧 < 𝑧2) = 0.89 
⇒ 0.5 + 𝐴(𝑧2) = 0.89 
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⇒ 𝐴(𝑧2) = 0.89 − 0.5 = 0.39 
⇒ 𝐴(𝑧2) = 𝐴(1.23) 
⇒ 𝑧2 = 1.23 

⇒
63 − 𝜇

𝜎
= 1.23 

⇒ 𝜇 + 1.23𝜎 = 63 − − − − − − − −(3) 
  Solving eq(2) and (3) 
  we get  

𝜇 = 50.2915 

𝜎 = 10.332 
 
 
 
7) In a normal distribution , 31% of items are under 45 and 8% of the items are 0ver  
        64.Find the mean and standard deviation of the distribution. 
Sol. 
  
 Let X be the continuous random variable  
 Given  
 Let 𝜇 and𝜎 be the Mean and Standard deviation of the distribution  

 ∴The standard normal variate 𝑧 =
𝑥−𝜇

𝜎
--------------(1) 

 

      When x=35 the standard normal variate 𝑧 =
45−𝜇

𝜎
= 𝑧1(𝑆𝑎𝑦)

 

 
When x=63 the standard normal variate 𝑧 =

64−𝜇

𝜎
= 𝑧2(𝑆𝑎𝑦)

  

 Given  

  
𝑃(𝑥 < 35) = 𝑃(𝑧 < 𝑧1) = 0.31

 
  

⇒ 𝑃(𝑧 < 𝑧1) = 𝑃(−∞ < 𝑧 < 0) − 𝑃(0 < 𝑧 < 𝑧1) = 0.31 
⇒ 0.5 − 𝐴(𝑧1) = 0.31 
⇒ 𝐴(𝑧1) = 0.5 − 0.31 = 0.19 

 
 
   ⇒ 𝐴(𝑧1) = 𝐴(0.5) 

⇒ 𝑧1 = 0.5 

⇒
45 − 𝜇

𝜎
= 0.5 

⇒ 𝜇 + 0.5𝜎 = 45 − − − − − −(2) 
                    And  𝑃(𝑥 > 64) = 𝑃(𝑧 > 𝑧2) = 0.08

 
  

⇒ 𝑃(𝑧 > 𝑧2) = 0.5 − 𝑃(0 < 𝑧 < 𝑧2) = 0.08 
⇒ 0.5 − 𝐴(𝑧2) = 0.08 
⇒ 𝐴(𝑧2) = 0.08 − 0.5 = −0.42 
⇒ 𝐴(𝑧2) = 𝐴(1.4) 
⇒ 𝑧2 = 1.4 

⇒
64 − 𝜇

𝜎
= 1.4 

⇒ 𝜇 + 1. .4𝜎 = 64 − − − − − − − −(3) 
  Solving eq(2) and (3) 
  we get  

𝜇 = 50 
𝜎 = 10 

 
8) In an examination 7% of the students scored less than 35% of the marks and 89% of   
         the students scored less than 60% of the marks. Find the mean and standard  
         deviation if marks are normally distributed.  
   Sol. 
 Let X be the continuous random variable  
 Given  
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 Let 𝜇 and𝜎 be the Mean and Standard deviation of the distribution  

 ∴The standard normal variate 𝑧 =
𝑥−𝜇

𝜎
--------------(1) 

 

      When x=35 the standard normal variate 𝑧 =
35−𝜇

𝜎
= 𝑧1(𝑆𝑎𝑦)

 

 
When x=63 the standard normal variate 𝑧 =

60−𝜇

𝜎
= 𝑧2(𝑆𝑎𝑦)

  

 Given  

  
𝑃(𝑥 < 35) = 𝑃(𝑧 < 𝑧1) = 0.07

 
  

⇒ 𝑃(𝑧 < 𝑧1) = 𝑃(−∞ < 𝑧 < 0) − 𝑃(0 < 𝑧 < 𝑧1) = 0.07 
⇒ 0.5 − 𝐴(𝑧1) = 0.07 
⇒ 𝐴(𝑧1) = 0.5 − 0.07 

 
 
   ⇒ 𝐴(𝑧1) = 𝐴(−1.47) 

⇒ 𝑧1 = −1.47 

⇒
35 − 𝜇

𝜎
= −1.47 

⇒ 𝜇 − 1.47𝜎 = 35 − − − − − −(2) 
                    And  𝑃(𝑥 < 60) = 𝑃(𝑧 < 𝑧2) = 0.89

 
  

⇒ 𝑃(𝑧 < 𝑧2) = 𝑃(−∞ < 𝑧 < 0) + 𝑃(0 < 𝑧 < 𝑧2) = 0.89 
⇒ 0.5 + 𝐴(𝑧2) = 0.89 
⇒ 𝐴(𝑧2) = 0.89 − 0.5 = 0.39 
⇒ 𝐴(𝑧2) = 𝐴(1.23) 
⇒ 𝑧2 = 1.23 

⇒
60 − 𝜇

𝜎
= 1.23 

⇒ 𝜇 + 1.23𝜎 = 60 − − − − − − − −(3) 
  Solving eq(2) and (3) 
  we get  
  𝜇 = 48.65 

𝜎 = 9.25 
 

***** 
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