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Normal Distribution



𝑋 ∼ 𝑁(𝜇, 𝜎2)

The random variable 𝑋 has normal distribution

with mean 𝜇 and standard variation 𝜎



𝑋 ∼ 𝑁(𝜇, 𝜎2)

The random variable 𝑋 has normal distribution

with mean 𝜇 and standard variation 𝜎

• If 𝑋 ∼ 𝑁(𝜇, 𝜎2), then the average of the values realized is 𝜇

• If 𝑋 ∼ 𝑁(𝜇, 𝜎2), then the average deviation of the values
realized from 𝜇 is 𝜎
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For a continuous random variable 𝑋, the probability that 𝑋 lies on the interval [𝑎, 𝑏]
can be calculated through its probability distribution function 𝑓𝑋(𝑥):
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For a continuous random variable 𝑋, the probability that 𝑋 lies on the interval [𝑎, 𝑏]
can be calculated through its probability distribution function 𝑓𝑋(𝑥):
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It is quite difficult to compute!



𝑍 ∼ 𝑁 0,1

We use a table to 
approximate the 

probability

𝑃(𝑍 ≤ 𝑡)



𝑍 ∼ 𝑁 0,1

𝑃 𝑍 ≤ 1.29 = 0.9015

𝑃 𝑍 ≤ 0.24 = 0.5948

𝑃 𝑍 ≤ 2.22 = 0.9868

𝑃 𝑍 ≤ 0 = 0.5



𝑍 ∼ 𝑁 0,1

How about the 
probability

𝑃 𝑍 ≥ 𝑡 ?



𝑍 ∼ 𝑁 0,1

How about the 
probability

𝑃 𝑍 ≥ 𝑡 ?

We can use
𝑃 𝑍 ≥ 𝑡 = 1 − 𝑃 𝑍 ≤ 𝑡



𝑍 ∼ 𝑁 0,1

𝑃 𝑍 ≥ 1.05 ?



𝑍 ∼ 𝑁 0,1

We can use
𝑃 𝑍 ≥ 𝑡 = 1 − 𝑃 𝑍 ≤ 𝑡

𝑃 𝑍 ≥ 1.05 = 1 − 𝑃 𝑍 ≤ 1.05

= 1 − 0.8531 = 0.1469

𝑃 𝑍 ≥ 1.05 ?



𝑍 ∼ 𝑁 0,1

How about the 
probability

𝑃 𝑍 ≤ −𝑡 ?



𝑍 ∼ 𝑁 0,1

How about the 
probability

𝑃 𝑍 ≤ −𝑡 ?

We can use symmetry:
𝑃 𝑍 ≤ −𝑡 = 𝑃 𝑍 ≥ 𝑡



𝑍 ∼ 𝑁 0,1

𝑃 𝑍 ≤ −0.25 ?



𝑍 ∼ 𝑁 0,1

We can use
𝑃 𝑍 ≤ −𝑡 = 𝑃 𝑍 ≥ 𝑡

𝑃 𝑍 ≤ −0.25 = 𝑃 𝑍 ≥ 0.25
= 1 − 𝑃 𝑍 ≤ 0.25
= 1 − 0.5987
= 0.4013

𝑃 𝑍 ≤ −0.25 ?



What if
𝑋 ∼ 𝑁 𝜇, 𝜎2 ?



What if
𝑋 ∼ 𝑁 𝜇, 𝜎2 ?

We will use the following:

𝑍 =
𝑋 − 𝜇

𝜎
∼ 𝑁 0,1



𝑋 ∼ 𝑁 3,4

𝑃 𝑋 ≤ 5 ?



𝑋 ∼ 𝑁 3,4

𝑃 𝑋 ≤ 5 ?
We can use

𝑍 =
𝑋 − 3

2
∼ 𝑁 0,1



𝑋 ∼ 𝑁 3,4

𝑃 𝑋 ≤ 5 = 𝑃
𝑋 − 3

2
≤
5 − 3

2

= 𝑃 𝑍 ≤ 1 = 0.8413

𝑃 𝑋 ≤ 5 ?
We can use

𝑍 =
𝑋 − 3

2
∼ 𝑁 0,1



𝑋 ∼ 𝑁 7,16

𝑃 𝑋 ≥ 8 ?



𝑋 ∼ 𝑁 7,16

𝑃 𝑋 ≥ 8 = 𝑃
𝑋 − 7

4
≥
8 − 7

4

= 𝑃 𝑍 ≥ 0.25 = 1 − 𝑃 𝑍 ≤ 0.25
= 1 − 0.5987 = 0.4013

𝑃 𝑋 ≥ 8 ?

𝑍 =
𝑋 − 7

4
∼ 𝑁 0,1



Exercise 19: Verify claim (3.2.1), that is

𝑷 𝑻𝟏𝟐 ≥ 𝟐𝟎 > 𝑷(𝑻𝟏𝟑 ≥ 𝟐𝟎)

Recall that 𝑻𝟏𝟐 ∼ 𝑵 𝟏𝟐, 𝟏𝟔 and 𝑻𝟏𝟑 ∼ 𝑵 𝟏𝟓, 𝟒



𝑃 𝑇12 ≥ 20 = 𝑃
𝑇12 − 12

4
≥
20 − 12

4

= 𝑃 𝑍 ≥ 2 = 1 − 𝑃 𝑍 ≤ 2 = 1 − 0.9772
= 0.0228

𝑇12−12

4
∼ 𝑁 0,1 and  

𝑇12−15

2
∼ 𝑁 0,1

𝑃 𝑇13 ≥ 20 = 𝑃
𝑇13 − 15

2
≥
20 − 15

2

= 𝑃 𝑍 ≥ 2.5 = 1 − 𝑃 𝑍 ≤ 2.5 = 1 − 0.9938
= 0.0062

Exercise 19: Verify claim (3.2.1), that is

𝑷 𝑻𝟏𝟐 ≥ 𝟐𝟎 > 𝑷(𝑻𝟏𝟑 ≥ 𝟐𝟎)

Recall that 𝑻𝟏𝟐 ∼ 𝑵 𝟏𝟐, 𝟏𝟔 and 𝑻𝟏𝟑 ∼ 𝑵 𝟏𝟓, 𝟒


