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Topic (6): “The Normal Probability Distribution”     

2 The Normal Probability Distribution

1) Continuous random variable.

2) Range (−∞,∞)

Definition: The random variable 𝑥 is set to have a normal distribution with mean 𝜇 and variance 𝜎2, denoted by 

𝑥~𝑁(𝜇, 𝜎2), if its probability density function (𝑝𝑑𝑓) given by:

𝑓 𝑥 =
1

2𝜋𝜎2
𝑒
−
𝑥−𝜇 2

2𝜎2 , −∞ < 𝑥 < ∞
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Properties of normal distribution:

1) The normal curve is symmetric about 𝜇.                   

2)  Area to the right of 𝜇 = Area to the left of 𝜇

0.5 = 0.5

3)  Small value of 𝜎 make the normal curve peak, while large value of 𝜎 make the normal curve flat.

4)  If 𝑥 is continuous random variable, then 𝑃 𝑥 = 𝑐 = 0.
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𝑃 𝑎 < 𝑥 < 𝑏 = 𝑃 𝑎 ≤ 𝑥 < 𝑏 = 𝑃 𝑎 < 𝑥 ≤ 𝑏 = 𝑃 𝑎 ≤ 𝑥 ≤ 𝑏

𝑃 𝑎 < 𝑥 < 𝑏 = න

𝑎

𝑏

𝑓 𝑥 𝑑𝑥

Example (1): Let 𝑥~𝑁(3, 25). Find: 

1) The mean.

2) 𝐸𝑥2.

3) 𝑃(𝑥 = 4) = 

4) 𝑃 −3 < 𝑥 ≤ 7 =
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3    Tabulated Areas of the Normal Probability Distribution

A standard normal distribution

Denoted by: 𝑧~𝑁(0, 1)

Rules: If 

1) 𝑃 𝑧 ≤ 𝑐 = From table.

2) 𝑃 𝑧 ≥ 𝑐 = 1 − 𝑃 𝑧 < 𝑐

3) 𝑃 𝑎 < 𝑧 < 𝑏 = 𝑃 𝑧 < 𝑏 − 𝑃(𝑧 < 𝑎)

4) 𝑃 𝑧 ≤ −𝑐 = From table    or 𝑃 𝑧 ≤ −𝑐 = 1 − 𝑃 𝑧 < 𝑐
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Example (2): Let 𝑧 has a standard normal distribution, 𝑧~𝑁(0, 1). Find:

1) 𝑃 𝑧 < 1 =

2) 𝑃 𝑧 ≤ 1.9 =

3) 𝑃 𝑧 < 1.96 =

4) 𝑃 𝑧 ≤ −1.96 =

5) 𝑃 𝑧 ≥ 1.45 =

6) 𝑃 𝑧 = 1.45 =

7) 𝑃 1.41 < 𝑧 < 2.32 =

Exercise (1): Let 𝑧 has a standard normal distribution. Find:

1) 𝑃 0 < 𝑧 ≤ 1 .

2) 𝑃 −1.53 < 𝑧 < 1.62 .

3) 𝑃 𝑧 ≤ 1.92 .
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Example (3): Let 𝑧~𝑁(0, 1). Find 𝑐 such that:

1) 𝑃 𝑧 < 𝑐 = 0.975

2)   𝑃 𝑧 > 𝑐 = 0.975

Example (4): Let 𝑧~𝑁(0, 1). Find 𝑐 such that:

𝑃 𝑧 ≤ 𝑐 = 0.95
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Example (5): Let 𝑧~𝑁(0, 1). Find 𝐴 such that:

𝑃 𝑧 ≤ 𝐴 = 0.2946

Example (6): Let 𝑧~𝑁(0, 1). Find 𝑐 such that:

𝑃 0 < 𝑧 < 𝑐 = 0.1915

Example (7): Let 𝑧~𝑁(0, 1). Find 𝐴 such that:

𝑃 𝑧 < 𝐴 = 0.8
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Example (8): Let 𝑧~𝑁(0, 1).Find the 90th percentile of 𝑧. 

Example (9): Let 𝑧~𝑁(0, 1).Find the 97.5th percentile of 𝑧. 

Exercise (2): Let 𝑧~𝑁(0, 1).Find the 95th, 98th and 99th percentiles of 𝑧.
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Example (10): Find the probability that standard normal distribution random variable falls within this range:

1) One standard deviation of its mean.

2)   Two standard deviations of its mean.

3)    Three standard deviations of its mean. Exercise (3)

Example (11): Let 𝑧~𝑁(0, 1).Find:

1) 𝑃 𝑧 < 3.59 =

2) 𝑃 𝑧 < 4 =

3) 𝑃 𝑧 < −4 =
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To transfer 𝑥 → 𝑧

Let 𝑥~𝑁(𝜇, 𝜎2), then 𝑧 =
𝑥−𝜇

𝜎
~𝑁(0, 1).

Example (12): Let 𝑥~𝑁(60, 16) is a random variable has a normal distribution with mean 60 and variance 16. Find:

1) 𝑃(𝑥 > 65).

2) 𝑃(55 < 𝑥 < 67).
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Example (13): Let 𝑥~𝑁(2, 16). Find 𝐴 such that 𝑃 𝑥 < 𝐴 = 0.975.

Example (14): Let 𝑥 has a normal distribution with mean 90 and standard deviation 10. Find 95th percentile of 𝑥.
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Example (15): Assume that the random variable 𝑥 which is the age of the mother at the birth of her first child is normally 

distributed with mean 20 years and variance 9.

Find the probability that the normally selected mother has her first child:

1) Before age 16.

2)   After age 30.

3)   Between age 16 and 24.

Exercise (4)
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Example (16): Let 𝑧~𝑁(0, 1). Find 𝑐 such that has area 0.9505 to its left.
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Example (17): A normal random variable 𝑥 has an unknown mean 𝜇 and standard deviation 𝜎 = 2. If the probability that 𝑥

exceeds 7.5 is 0.8023, find 𝜇.
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Example (18): A normal random variable 𝑥 has an unknown mean and standard deviation. The probability that 𝑥 exceeds 4 is 

0.9772, and the probability that 𝑥 exceeds 5 is 0.9332. Find 𝜇 and 𝜎.
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Exercise (5):  True or False:

1) A normal distribution is always symmetric about its mean. 

2) The total area under the normal curve is equal to 0.5. 

3) In a normal distribution, the mean, median, and mode are always equal. 

4) A standard normal distribution has a mean of 1 and a standard deviation of 1. 

5) The normal curve extends infinitely in both directions without touching the x-axis. 

6) Any normal distribution can be converted into a standard normal distribution using a Z-score transformation. 

7) The z-score represents the number of standard deviations a value is from the mean. 

8) A z-score of 0 corresponds to a value equal to the mean of the distribution. 

9) Approximately 95% of the data in a normal distribution falls within 1 standard deviation of the mean. 
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