
Normal distribution

Binomial distribution

Sec “ 6 ”



Random Variable:

Discrete Random 
Variable

Continuous 
Random Variable

Is a set of possible values from a random

experiment.

Example:

X: number of heads when the coin is

tossed twice

𝑋 = ቐ
0
1
2

T T

H T,  TH

H H• Is one which may take

on only a countable

number of distinct

values such as

0,1,2,3,4,.........

• Example: The number of

children in a family.

𝑋 = 0, 1,2.

• Is one which takes

an infinite number

of possible values.

• Example: Height.

150 ≤ 𝑋 ≤ 180
Temperature.

40 ≤ 𝑋 ≤ 50



Probability distribution 𝒇 𝒙 :

Probability Mass Function

“ 𝒑.𝒎. 𝒇 ”

Probability Density Function

“ 𝒑. 𝒅. 𝒇 ”

Is the mathematical function that gives the

probabilities of occurrence of different

possible outcomes for an experiment.

• Is a function that gives the

probability that a discrete

random variable is exactly

equal to some value.

• 𝒇 𝒙 is a probability mass

function if :

𝑎 0 ≤ 𝑓 𝑥 ≤ 1

𝑏 

𝑥

𝑓 𝑥 = 1

• 𝑃 𝑋 = 𝑎 = 𝑓 𝑎 .

• is used to define the probability of the

random variable coming within a distinct

range of values.

• 𝒇 𝒙 is a probability density function if :

𝑎 0 ≤ න
𝐴

𝑓 𝑥 𝑑𝑥 ≤ 1 , 𝐴𝜖𝑅

𝑏 න
𝑅

𝑓 𝑥 𝑑𝑥 = 1

• 𝑃 𝑎 ≤ 𝑋 ≤ 𝑏 = 𝑎
𝑏
𝑓 𝑥 𝑑𝑥.



Note That :

❑ For a discrete random variable 𝑃 𝑋 = 𝑎 = 0, if 𝑎 is’nt a value in the random

variable 𝑋.

i.e., 𝑿 = 𝟏, 𝟑, 𝟔
any values except 1, 3, and 6 has a probability is equal to zero.

𝑖. 𝑒. , 𝑃 𝑋 = 2 = 0.

❑ For a continuous random variable, 𝑃 𝑋 = 𝑎 = 0, for all 𝑎 𝜖 𝑅.

i.e., 𝟏 ≤ 𝑿 ≤ 𝟒

𝑃 𝑋 = 2 = 2
2
𝑓 𝑥 𝑑𝑥 = 0.

and 𝑃 𝑎 ≤ 𝑋 ≤ 𝑏 = 0, for all 𝑎 ≤ 𝑥 ≤ 𝑏 𝑛𝑜𝑡 𝑖𝑛 𝑅.

i.e., 𝑃 1 ≤ 𝑋 ≤ 6 = 1
4
𝑓 𝑥 𝑑𝑥 + 4

6
𝑓 𝑥 𝑑𝑥 = 1

4
𝑓 𝑥 𝑑𝑥.

0



Example (1) :

𝒙 0 1 3

𝑓 𝑥 1

3

1

2

1

6

(a) Verify that 𝑓(𝑥) is a valid 𝑝.𝑚. 𝑓 ?

𝑓(𝑥) is a valid 𝑝.𝑚. 𝑓 if σ𝑥 𝑓 𝑥 = 1. Thus,

𝑓 0 + 𝑓 1 + 𝑓 3 =
1

3
+

1

2
+

1

6
= 1

It is a valid 𝑝.𝑚. 𝑓.

(b) Find P 1 < 𝑥 ≤ 3 ?

𝑃 1 < 𝑥 ≤ 3 = 𝑃 𝑋 = 2 + 𝑃 𝑋 = 3 = 0 +
1

6
=

1

6



Example (2) :

𝑓 𝑥 = ൝
1

3
𝑥2 − 1 < 𝑥 < 2

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

.

(a) Verify that 𝑓(𝑥) is a valid 𝑝. 𝑑. 𝑓 ?

𝑓(𝑥) is a valid 𝑝. 𝑑. 𝑓 if 𝑅 𝑓 𝑥 = 1. Thus,

න
−1

2 1

3
𝑥2 =

1

3
∗
𝑥3

3
−1

2

=
𝑥3

9
−1

2

=
1

9
𝑥3 −1

2 =
1

9
2 3 − −1 3 =

1

9
8 − −1 =

1

9
9 = 1

It is a valid 𝑝. 𝑑. 𝑓.

(b) Find P 0 < 𝑥 ≤ 1 ?

𝑃 0 < 𝑥 ≤ 1 = න
0

11

3
𝑥2 =

1

9
𝑥3 0

1 =
1

9
1 3 − 0 3 =

1

9



Normal distribution

• The data tends to be around a central value with no bias left or right, and it gets close to

a "Normal Distribution" like this:

• 𝑥 is a normal distribution, with probability density

function is given by:

𝑓 𝑥 =
1

𝜎 2𝜋
𝑒
−
1
2
𝑥−𝜇
𝜎

2

−∞ ≤ 𝑥 ≤ ∞

𝐸 𝑥 = 𝜇, 𝑣𝑎𝑟 𝑥 = 𝜎2, Standard Deviation of 𝑥 = 𝜎

𝜇

𝑍𝜎

• Convert 𝑥 " normal distribution “ to Standard normal “𝑍”:

𝑍 =
𝑥 − 𝜇

𝜎
is a normal distribution with μ = 0, 𝜎2 = 1.



𝒂

• 𝑃 𝑍 < 𝑎 = 𝑍 − 𝑇𝑎𝑏𝑙𝑒 • 𝑃 𝑍 > 𝑎 = 1 − 𝑃 𝑍 < 𝑎

𝒂

𝟏

?
?

• 𝑃 𝑎 < 𝑍 < 𝑏 = 𝑃 𝑍 < 𝑏 − 𝑃 𝑍 < 𝑎

𝒂 𝒃

?

• 𝑃 𝑍 < 𝑎 = 1 − 𝑃 𝑍 < −𝑎

−𝒂 𝒂𝟎

𝟏





Note that:

• 𝑷 𝒁 < 𝒂 = 𝟏 if 𝒂 > 𝟑. 𝟒𝟗
i.e., 𝑷 𝒁 < 𝟓 = 𝟏.

• 𝑷 𝒁 < 𝒂 = 𝟎 if 𝒂 < −𝟑. 𝟒
i.e., 𝑷 𝒁 < −𝟓 = 𝟎.



Sheet (5)
12. A research scientist reports that mice will live an average of 40 months when their

diets are sharply restricted and then enriched with vitamins and proteins. Assuming that

the lifetimes of such mice are normally distributed with a standard deviation of 6.3

months, find the probability that a given mouse will live

(a) More than 32 months;

(b) Less than 28 months;

(c) Between 37 and 49 months.

(a) 𝑷 𝒙 > 𝟑𝟐 = 𝑷
𝒙−𝝁

𝝈
>

𝟑𝟐−𝟒𝟎

𝟔.𝟑

= 𝑷 𝒁 > −𝟏. 𝟐𝟔𝟗𝟖
= 𝑷 𝒁 > −𝟏. 𝟐𝟕
= 𝟏 − 𝑷 𝒁 < −𝟏. 𝟐𝟕
= 𝟏 − 𝟎. 𝟏𝟎𝟐𝟎 = 𝟎. 𝟖𝟗𝟖

Solution

𝝁 = 𝟒𝟎, 𝝈 = 𝟔. 𝟑



OR

(a) 𝑷 𝒙 > 𝟑𝟐 = 𝟏 − 𝑷 𝒁 < −𝟏. 𝟐𝟕

= 𝟏 − 𝟏 − 𝑷 𝒁 < 𝟏. 𝟐𝟕

= 𝑷 𝒁 < 𝟏. 𝟐𝟕
= 𝟎. 𝟖𝟗𝟖

Solution

𝝁 = 𝟒𝟎, 𝝈 = 𝟔. 𝟑

(b) 𝑷 𝒙 < 𝟐𝟖 = 𝑷
𝒙−𝝁

𝝈
<

𝟐𝟖−𝟒𝟎

𝟔.𝟑

= 𝑷 𝒁 < −𝟏. 𝟗𝟎𝟒
= 𝑷 𝒁 < −𝟏. 𝟗𝟎
= 𝟎. 𝟎𝟐𝟖𝟕



Solution

𝝁 = 𝟒𝟎, 𝝈 = 𝟔. 𝟑

(c) 𝑷 𝟑𝟕 < 𝒙 < 𝟒𝟗 = 𝑷
𝟑𝟕−𝟒𝟎

𝟔.𝟑
<

𝒙−𝝁

𝝈
<

𝟒𝟗−𝟒𝟎

𝟔.𝟑

= 𝑷 −𝟎. 𝟎𝟕𝟓 < 𝒁 < 𝟎. 𝟐𝟐𝟔
= 𝑷 −𝟎. 𝟎𝟖 < 𝒁 < 𝟎. 𝟐𝟑
= 𝑷 𝒁 < 𝟎. 𝟐𝟑 − 𝑷(𝒁 < −𝟎. 𝟎𝟖)
= 𝟎. 𝟓𝟗𝟏𝟎 − 𝟎. 𝟒𝟔𝟖𝟏
= 𝟎. 𝟏𝟐𝟐𝟗



Sheet (5)
9. Wages for workers in a particular industry have an average of $11.90 per hour with a

standard deviation of 40 cents (1$ = 100 cents). The wages are considered to be

normally distributed.

(a) Suppose you are employed in this industry. What would your wage have to be if

75% of all workers earn more than you?

(b) What fraction of workers make between $12 and $13 per hour?

(a) 𝑷 𝒁 > 𝒂 = 𝟎. 𝟕𝟓
∴ 𝑷 𝒁 < 𝒂 = 𝟏 − 𝟎. 𝟕𝟓

= 𝟎. 𝟐𝟓
𝒂 = ?→ 𝑷 𝒁 < 𝒂 = 𝟎. 𝟐𝟓

Solution

𝝁 = $11.90, 𝝈 = 40 cent =
𝟒𝟎

𝟏𝟎𝟎
= $ 𝟎. 𝟒

𝑎

𝟎. 𝟕𝟓



Solution

0.2514 − 0.25 = 0.0014
0.25 − 0.2483 = 0.0017

𝑷 𝒁 < −𝟎. 𝟔𝟕 = 𝟎. 𝟐𝟓
∴ 𝑍 = −0.67

𝑍 =
𝑥 − 𝜇

𝜎
→ 𝑥 = 𝑍𝜎 + 𝜇

∴ 𝑥 = −0.67 0.4 + 11.90
= 11.632

(b) 𝑃 12 < 𝑥 < 13 = 𝑃
12−11.9

0.4
<

𝑥−𝜇

𝜎
<

13−11.9

0.4

= 𝑃 0.25 < 𝑍 < 2.75
= 𝑃 𝑍 < 2.75 − 𝑃(𝑍 < 0.25)
= 0.9970 − 0.5987
= 0.3983



Binomial distribution

• To study the number of successes in a sequence of 𝑛 independent experiments.

• 𝑛: Total number of trails.

𝑝: Probability of success.

𝑞: Probability of failure.

• 𝑥 is a binomial distribution, with probability mass

function is given by:

𝑓 𝑥 = 𝑃 𝑥 = 𝑟 =
𝑛

𝑟
𝑝𝑟𝑞𝑛−𝑟 𝑟 = 0, 1,… , 𝑛

𝐸 𝑥 = 𝑛𝑝, 𝑣𝑎𝑟 𝑥 = 𝑛𝑝𝑞

𝑝 + 𝑞 = 1

• i.e., Let

𝑋: Number of tails

𝑛: 10, 𝑝 = 0.5
𝑃 𝑋 = 4

=
10

4
0.5 4 0.5 10−4

• 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑎𝑖𝑙𝑠
= 𝐸 𝑥 = 𝑛𝑝 = 10 0.5
= 5

• 𝑉𝑎𝑟 𝑥 = 𝑛𝑝𝑞
= 10 0.5 0.5 = 2.5



Sheet (5)
1. In a certain city district the need for money to buy drugs is stated as the reason

for 75% of all thefts. Find the probability that among the next 5 theft cases reported

in this district,

(a) exactly 2 resulted from the need for money to buy drugs;

(b) at most 3 resulted from the need for money to buy drugs.

(a) 𝑃 𝑥 = 2 = 5
2

0.75 2 0.25 5−2

=
5

2
0.75 2 0.25 3

= 0.087891

Solution

𝒏 = 𝟓, 𝒑 = 𝟎. 𝟕𝟓, 𝒒 = 𝟏 − 𝟎. 𝟕𝟓 = 𝟎. 𝟐𝟓



(b) 𝑃 𝑥 ≤ 3 = 𝑃 𝑥 = 0 + 𝑃 𝑥 = 1 + 𝑃 𝑥 = 2 + 𝑃 𝑥 = 3
= 1 − 𝑃 𝑥 > 3
= 1 − 𝑃 𝑥 = 4 + 𝑃 𝑥 = 5

= 1 −
5

4
0.75 4 0.25 1 +

5

5
0.75 5 0.25 0

= 1 − 0.39551 + 0.23730
= 1 − 0.63281 = 0.36719

Solution

𝒏 = 𝟓, 𝒑 = 𝟎. 𝟕𝟓, 𝒒 = 𝟏 − 𝟎. 𝟕𝟓 = 𝟎. 𝟐𝟓

0 1 2 3 4 5

1

𝑃 𝑥 ≤ 3 𝑃 𝑥 > 3



Sheet (5)
5. Suppose that airplane engines operate independently and fail with probability equal

to 0.4. Assuming that a plane makes a safe flight if at least one-half of its engines

run, determine whether a 4-engine plane or a 2-engine plane has the higher probability-

for a successful flight.

4-engine “ 𝒏 = 𝟒”
𝑃 𝑥 ≥ 2 = 𝑃 𝑥 = 2 + 𝑃 𝑥 = 3 + 𝑃 𝑥 = 4
= 1 − 𝑃 𝑥 < 2 = 1 − 𝑃 𝑥 = 0 + 𝑃 𝑥 = 1

= 1 −
4

0
0.6 0 0.4 4 +

4

1
0.6 1 0.4 3

= 1 − 0.0256 + 0.1536 = 1 − 0.1792
= 0.8208

Solution

𝒒 = 𝟎. 𝟒, 𝐩 = 𝟏 − 𝟎. 𝟒 = 𝟎. 𝟔

2-engine “𝒏 = 𝟐”
𝑃 𝑥 ≥ 1
= 𝑃 𝑥 = 1 + 𝑃 𝑥 = 2
= 1 − 𝑃 𝑥 < 1 = 1 − 𝑃 𝑥 = 0

= 1 − 2
0

0.6 0 0.4 2

= 1 − 0.16 = 0.84

2-engine plane has the higher probability for successful flight.


