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Lecture 5 Objectives

• Be able to use either a z-table or software output to find probabilities for 

normally distributed random variables.

• Be able to find inverse cumulative probabilities for normally distributed 

random variables. 

• Be able to calculate probabilities for independent systems where 

components are in parallel or series, or combinations of both. 

Math2: Statistics - Lecture 5 - 2



Normal Distribution

Reference: Devore § 4.3

• One of the most commonly used distributions in statistics is the normal 

distribution.

• The normal distribution is most commonly used to model the distribution of 

the mean from a random sample, a topic that we will discuss next week. 

• Many of the inferential techniques that we apply later in the semester 

assumed that the data follow a normal distribution

• The normal distribution also has many useful properties.

Math2: Statistics - Lecture 5 - 3



Normal Distribution

• A random variable X with the probability density function

has a normal distribution with parameters µ, and σ.
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Normal Distribution

• Properties of the normal distribution:

• The expectation (mean) of a normal random variable is µ.

• The variance of a normal random variable is σ².

• The normal distribution is symmetric. That is,

P(Z > z) = P(Z < -z)

• We denote a random variable with a normal distribution as

• The probability density function for the normal distribution cannot be integrated.
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Special Case: Standard Normal Distribution

• A normally distributed random variable with mean 0 and standard deviation 1 

is known as a standard normal random variable.

• We denote such a random variable by Z

If then  is a

standard normal random variable.

• Tables exist for this type of random variable.

• We use these tables to calculate probabilities.
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Using the Normal Tables

• For any number z between -3.99 and 3.99 and rounded to two decimal 

places, the table gives:

(Area under Z curve to the left of z) 

• To find this probability, locate the following:

1. The row labeled with the sign of z and the digit to either side of the decimal point 

2. The column identified with the second digit to the right of the decimal point in z

The number at the intersection of this row and column is the desired 

probability, P(Z < z).
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Using the Normal Tables

Using the standard normal tables, find 

the proportion of observations (Z 

values) from a standard normal 

distribution that satisfy each of the 

following:

a) P(Z < 1.83)

b) P(Z > 1.83)
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Using the Normal Tables

Using the standard normal tables, find 

the proportion of observations (Z 

values) from a standard normal 

distribution that satisfy each of the 

following:

c) P(Z > -1.83)
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Using the Normal Tables
Using the standard normal tables, find 

the proportion of observations (Z values) 

from a standard normal distribution that 

satisfies 0.54 < Z < 1.61

• That is find P(0.54 < Z < 1.61).
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Finding Percentiles

To recover the percentiles of a standard normal 

distribution, we follow the procedure in reverse.

Example:

Using the standard normal tables, in each of the 

following, find the Z values that satisfy :

1. The point z with 98% of the observations falling 

below it.

2. The point z with 25% of the observations falling 

above it. 
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Finding Normal Probabilities

To calculate probabilities for any normal distribution, standardize the relevant 

values and then use the table of Z curve areas. More specifically, if X~ N(µ, σ²), 

then

where Z is a standard normal random variable.
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Example - Drains
The volume of water collected in the drains for a particular suburb during a storm is a normal 

random variable with a mean of 4.5ML/day and a standard deviation of 1.5ML/day. 

a. If the storm drain system is designed with a maximum capacity of 6.0ML/day, what is the 

probability that flooding will occur during a storm (i.e. volume exceeds maximum capacity)
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Example - Drains
b. What is the probability that between 3.0ML and 6.0ML is collected during a storm?

c. What capacity of drains (per day) would be required to make sure that the probability of a 

flood is 1%?
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Example - Batteries

The lifetime of a battery is normally distributed with a mean of 10 hours and a 

standard deviation of 1 hour

a. Find the probability that a battery will last more than 11.7 hours?
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Example - Batteries

b. The company wants to make a guarantee that 95% of their batteries last 

longer than a certain length of time. What time should they choose?
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Example – Tape Dispenser
(based on MRH 3-51)

The length of an injected-moulded plastic case that holds tape is normally distributed with a mean 

length of 89.2mm and a standard deviation of 0.3mm.

a. What is the probability that a part is longer than 90.3mm or shorter than shorter than 

88.8mm?
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Example – Tape Dispenser

b. Suppose that the manufacturer would like to be 99% certain that the part is 

shorter than a particular value, so that it can be packaged. What value needs to 

be sent to the packagers?
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Statistical Independence

Reference: Devore § 2.5

• Two experiments are said to be independent if the outcome of an 

experiment will not affect the outcome of another experiment. 

• Say we have a system consisting of a combination of independent 

components. If we know how the components are combined, and we know 

the probability that each component survives until time t, we can find the 

probability the whole system survives until time t.
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Components in Series

Series system

Find the probability the whole system survives until time t.
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Components in Parallel

Parallel system

Find the probability the whole system survives until time t.
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Example

• What is the probability that this system will work? 
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Solution
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Example
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Solution
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Past Exam Question – Spring 2011

Consider the circuit below.

a. Suppose that the lifetime of each component follows an exponential distribution with mean 

50 hours. What is the probability that a single component will last longer than 45 hours?

b. Given that the lifetime of each component has the same distribution, what is the probability 

that the entire system will still be functioning after 45 hours?
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Solution
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Lecture 5 Revision Exercises

Use software where appropriate

• Devore §4.3 Q28, 31, 33, 37, 45, 47

• Devore §2.5 Q79, 80, 81

Montgomery, Runger and Hubele (Old Text)

• Q3.38 - 3.56, and 3.165 - 3.170
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