
Normal Distribution
Standard Normal

The probability that a variable, X, is between x1 and x2 according to the normal distribution is 
given by:

The cumulative probability function is given by:

The use of these equations is dependent on the values of the parameters µ and σ



Normal Distribution

The calculations can be made easier and generalised by making a the following 
change of variable:

It can be seen that the variable Z is dimensionless. It is the ratio between (x- µ) and σ.

The parameters µ and σ are constants for any distribution.

𝑑𝑧 =
1

𝜎
𝑑𝑥 𝑎𝑛𝑑 𝑑𝑥 = 𝜎𝑑𝑧 and:

where



Normal Distribution
The process of making the change of variable is called normalization of the normal 
random variable X, and the new variable Z is also normal random variable and it is 
called the standard normal random variable. 

If X is a normal variable with E(X) = µ and V(X) = σ, the random variable

𝑍 =
𝑋 − µ

µ

Is a normal variable with E(Z) = 0 and V(Z) = 1. That is Z is a standard normal 
variable.



Normal Distribution
We define a cumulative distribution function, Φ(z), as a function of z, as follows:

Which corresponds to the area under the curve:

Instead of calculating ф(Z) can be found from  

tabtables as will be shown later.



Normal Distribution
Example (from Book)

Figure 4-13 Standard normal probability density function.
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Normal Distribution

Figure 4-15 Standardizing a normal random variable.



How to standardize to calculate probabilities





Normal Distribution
Example 4-14 (continued) 

Figure 4-16 Determining the value of x to meet a 

specified probability.



Normal Approximation to the Binomial and Poisson 
Distributions
Under certain conditions, the normal distribution can be used to approximate the 
binomial distribution and the Poisson distribution.

Approximation to Binomial

Figure 4-19 Normal 

approximation to the 

binomial.



Normal Distribution
Example 4-17

Clearly, the probability is difficult to calculate. The normal distribution can be used 
to provide an appropriate approximation in this case.



Normal Distribution
Normal Approximation to the Binomial Distribution



Normal Distribution

Conditions for approximating binomial probabilities:



Normal Approximation to the Poisson Distribution

The same continuity correction for binomial distribution can be applied to this 
approximation.



Normal Approximation to the Poisson Distribution


