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LECTURE  12#



Normal distribution

Example: If X is any random variable with mean µ and variance 𝜎2 > 0, then 

what are the mean and variance of the random variable 𝑌 =
𝑋−𝜇

𝜎
?

Answer: The mean of the random variable Y is :

The variance of Y is given by:

Hence, if we define a new random variable by taking a random variable and

subtracting its mean from it and then dividing the resulting by its standard

deviation, then this new random variable will have zero mean and unit variance.



Normal distribution

Definition: A normal random variable is said to be standard normal, if its mean is

zero and variance is one. We denote a standard normal random variable X by

X ∼N(0,1).

The probability density function of standard normal distribution is the following:

Distribution function: There is no simple formula for the distribution function

of a standard normal random variable X because a closed-form expression for the

integral does not exist; hence, its evaluation requires the use of

numerical integration techniques. Probabilities and quantiles for random variables

with normal distributions are easily found using any program like Matlab or R or….



Normal distribution

Note :Some values of the distribution function of X are used very frequently and

people usually learn them by heart:

Note also that: which is due to the symmetry around 0 of

the standard normal density and is often used in calculations.







Normal distribution
Therefore, if we know how to compute the values of the distribution function of a

standard normal distribution (by table), we also know how to compute the values

of the distribution function of a normal distribution with mean 𝜇and variance 𝜎2.

The following theorem is very important and allows us to find probabilities by

using the standard normal table.

Theorem: If X ∼ N(µ, 𝜎2 ), then the random variable , ~N(0,1)

Proof : We will show that Z is standard normal by finding the probability density

function of Z. We compute the probability density of Z by cumulative distribution

function method.

X =µ+𝜎 𝑍 , then

Hence,



Normal distribution

Example: If X ∼ N(0, 1), what is the probability of the random variable X less

than or equal to − 1.72?

Answer:

The following example illustrates how to use standard normal table to find

probability for normal random variables.

Example: If X ∼ N(3, 16), then what is 

Answer:

(From table)



Normal distribution

Example: If X ∼ N(25, 36), then what is the value of the constant c such that 

Answer:

Hence, 

and from this, using the normal table, we get or    
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