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4.2. Probability Distributions of Continuous 
Random Variables:
For any continuous r. v. X, there exists a function f(x), called
the probability density function (pdf) of X , for which the
total area under the curve of f(x) equals to 1.
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Note:
If X is continuous r.v. then: 



575 STAT – Biostatistics – Dr. Mansour Shrahili

4.2.1 Normal Distribution
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4.2.2 Standard Normal Distribution
The standard normal random variable is denoted by 
(Z), and we write:

𝑍 ~ 𝑁(0, 1)
The probability density function (pdf) of 𝑍~𝑁(0,1) is 
given by:
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4.2.3 Calculating Probabilities of Normal (0,1):

Suppose 𝑍 ~ 𝑁𝑜𝑟𝑚𝑎𝑙 (0,1).
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Finding 𝑃(𝑍 ≤ 𝑧) from the table

consider that the value of 𝑧 is rounded to 2 decimal places as 𝑧
= 𝑎. 𝑏𝑐

𝑧 0.00 0.01 𝑧 ........ 0.0𝑐 ........ 0.09

-3.4

-3.3

......

𝑎. 𝑏

......

3.4

𝑃(𝑍 ≤ 𝑎. 𝑏𝑐)
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Example(1): 𝑍 ~ 𝑁(0,1)

1) 𝑃(𝑍 ≤ 1.50)

𝑧 0.00 0.01 0.02 ........ 0.09

-3.4

-3.3

......

1.5 0.9332

......

3.4

1.50

0.9332
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Example(2): 𝑍 ~ 𝑁(0,1)

2) 𝑃 𝑍 ≥ 0.98 = 1 − 𝑃 𝑍 ≤ 0.98 = 1 − 0.8365 = 0.1635

𝑧 0.00 0.01 ........ 0.08 0.09

-3.4

-3.3

......

0.9 0.8365

......

3.4

0.98

0.1635
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Example (3): 𝑍 ~ 𝑁(0,1)
𝟑) 𝑷 −𝟏. 𝟑𝟑 ≤ 𝒁 ≤ 𝟐. 𝟒𝟐 = 𝑷 𝒁 ≤ 𝟐. 𝟒𝟐 − 𝑷 𝒁 ≤ −𝟏. 𝟑𝟑

= 0.9922 − 0.0918 = 0.9004

𝑧 0.00 0.01 0.02 0.03 .....

.....

-1.3 0.0918

......

2.4 0.9922

…
..

2.42-1.33

0.9004
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Example(4): 𝑍 ~ 𝑁(0,1)

4) 𝑃 𝑍 ≥ 0 = 𝑃 𝑍 ≤ 0 = 0.5

0

0.5 0.5
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Notation

𝑃 𝑍 ≤ 𝑍𝐴 = 𝐴

𝐴 1 − 𝐴

𝑍𝐴
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Example: Z ~ N(0,1) 
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Example: 𝑍 ~ 𝑁(0,1)
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Exercise

If 𝑃 𝑍 ≥ 𝑘 = 0.0207

Find 𝑘?

What do you see?
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• Calculating Probabilities of Normal (𝝁, 𝝈𝟐): 



575 STAT – Biostatistics – Dr. Mansour Shrahili

• Normal Distribution Application:

Example:
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Solution:
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Example:
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Solution:
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Application of the Normal 

Distribution 
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Example 

In an industrial process, the diameter of a ball

bearing is an important component part. The buyer

sets specifications on the diameter to be 3.00±0.01

cm. The implication is that no part falling outside

these specifications will be accepted. It is known

that, in the process, the diameter of a ball bearing

has a normal distribution with mean 3.00 cm and

standard deviation 0.005 cm. On the average, how

many manufactured ball bearings will be scrapped?
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Solution: 
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Therefore, on the average, 95.44% of manufactured

ball bearings will be accepted and 4.56% will be

scrapped.
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Example 

Gauges are use to reject all components where

a certain dimension is not within the

specifications 1.50 ± 𝑑. It is known that this

measurement is normally distributed with

mean 1.50 and standard deviation 0.20.

Determine the value 𝑑 such that the

specifications cover 95% of the

measurements.
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Solution: 
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The specification limits are:

𝑥1=Lower limit=1.5−d = 1.5 − 0.392 = 1.108

𝑥2=Upper limit=1.5+d=1.5+0.392= 1.892

Therefore, 95% of the measurements fall

within the specifications (1.108, 1.892).
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Exponential Distribution 

Definition:

The continuous random variable X has an

exponential distribution with parameter 𝛽, if its

probability density function is given by:

and we write 𝑋~𝐸𝑥𝑝(𝛽)
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Theorem: 

If the random variable X has an exponential

distribution with parameter 𝛽 , i.e.,

𝑋~𝐸𝑥𝑝(𝛽), then the mean and the variance

of X are:

𝐸(𝑋) = 𝜇 = 𝛽
𝑉𝑎𝑟(𝑋) = 𝜎2 = 𝛽2
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Example 

Suppose that a system contains a certain type of

component whose time in years to failure is given

by T. The random variable T is modeled nicely by

the exponential distribution with mean time to

failure β=5. If 5 of these components are installed

in different systems, what is the probability that at

least 2 are still functioning at the end of 8 years?
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Solution: 

𝛽 = 5, 𝑇~𝐸𝑥𝑝(5)
The pdf of T is: 

The probability that a given component is still

functioning after 8 years is given by:
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Now define the random variable: 

X= number of components functioning 

after 8 years out of 5 components 
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The probability that at least 2 are still 

functioning at the end of 8 years is: 


