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Continuous Random Variables



Continuous Random Variables: Outline

1. Normal distribution 𝑋~𝑁 𝜇, 𝜎2

2. Standard normal distribution Z~𝑁 0,1

3. Chi-square distribution 𝑋~𝜒𝑛
2

4. t-Student distribution 𝑋~𝑡𝑛

5. F distribution 𝑋~𝐹𝑛,𝑚
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Probability distributions of Continuous Variables

A continuous random variable X can assume any value over an

interval.

2 characteristics (similar to discrete variables):

For any interval [𝑎, 𝑏],

0 ≤ 𝑃(𝑎 < 𝑋 < 𝑏) ≤ 1 

The total probability of all the intervals within which X can 

assume a value is 1      

Σ 𝑃(−∞<𝑋<+∞) = 1

3Continuous Random Variables



Probability distributions of Continuous Variables

A continuous random variable (denoted by capital letter, e.g. X) can 

assume any value over an interval

2 characteristics:

1) For any interval [𝑎, 𝑏], 0 ≤ 𝑃 𝑎 < 𝑋 < 𝑏 ≤ 1
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Probability distributions of Continuous Variables

A continuous random variable (denoted by capital letter, e.g. X) can 

assume any value over an interval

2 characteristics:

2) The total probability of all the (mutually exclusive) intervals 

    within which X can assume a value is 1 ➔𝑃 −∞ < 𝑋 < ∞ = 1
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Normal distribution function 

https://youtu.be/rzFX5NWojp0

Most widely used continuous probability distribution 

Density function is: 

𝑓 𝑥 =
1

2𝜋𝜎2
𝑒𝑥𝑝 −

1

2

𝑥−𝜇

𝜎

2

parameters: 𝜇 (mean), and

𝜎 (the spread)

https://youtu.be/rzFX5NWojp0 
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Normal distribution function 

Most widely used continuous probability distribution 

Density function is: 

𝑓 𝑥 =
1

2𝜋𝜎2
𝑒𝑥𝑝 −

1

2

𝑥−𝜇

𝜎

2

• Bell-shaped 
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Normal distribution function 

Most widely used continuous probability distribution 

Density function is: 

𝑓 𝑥 =
1

2𝜋𝜎2
𝑒𝑥𝑝 −

1

2

𝑥−𝜇

𝜎

2

• Bell-shaped 

• Total area under the curve =1
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Normal distribution function 

Most widely used continuous probability distribution 

Density function is: 

𝑓 𝑥 =
1

2𝜋𝜎2
𝑒𝑥𝑝 −

1

2

𝑥−𝜇

𝜎

2

• Bell-shaped 

• Total area under the curve =1

• Symmetric (Mode=Mean=Median)
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Normal distribution function 

Most widely used continuous probability distribution 

Density function is: 

𝑓 𝑥 =
1

2𝜋𝜎2
𝑒𝑥𝑝 −

1

2

𝑥−𝜇

𝜎

2

• Bell-shaped 

• Total area under the curve =1

• Symmetric (Mode=Mean=Median)

• Tails extend indefinitely
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Normal distribution function, 𝑁(𝜇, 𝜎2) 

Density function:

𝑓 𝑥 =
1

2𝜋𝜎2
exp −

1

2

𝑥−𝜇

𝜎

2

Some examples of things that follow a Normal Distribution:

• Heights of people

• Size of items produced by a machine

• Errors in measurements

• Blood Pressure

• Test Scores

• …
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• It is a bell-shaped curve
• Symmetry about the mean  μ  (mean = mode = median)
• The total area under the curve is equal to 1 (or 100%)

• 50% of the area is to the left of the mean

μ

50% 50%

, and 50% to the right

Normal distribution function, 𝑁(𝜇, 𝜎2) 
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• It is a bell-shaped curve
• Symmetry about the mean  μ  (mean = mode = median)
• The total area under the curve is equal to 1 (or 100%)

• 50% of the area is to the left of the mean, and 50% to the right
• Approximately 68.3% of the area is between [µ-σ; µ-σ]

µ-σ µ+σ
σ σ 
μ
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Normal distribution function, 𝑁(𝜇, 𝜎2) 
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• It is a bell-shaped curve
• Symmetry about the mean  μ  (mean = mode = median)
• The total area under the curve is equal to 1 (or 100%)

• 50% of the area is to the left of the mean, and 50% to the right
• Approximately 68.3% of the area is between [µ-σ; µ-σ]
• Approximately 95.4% of the area is between [µ-2σ; µ-2σ]

µ+σµ-2σ µ+2σ
σ σ σ σ 
μµ-σ
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Normal distribution function, 𝑁(𝜇, 𝜎2) 
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µ-3σ µ+3σ
σ σ σ σ σ σ 

• It is a bell-shaped curve
• Symmetry about the mean  μ  (mean = mode = median)
• The total area under the curve is equal to 1 (or 100%)

• 50% of the area is to the left of the mean, and 50% to the right
• Approximately 68.3% of the area is between [µ-σ; µ-σ]
• Approximately 95.4% of the area is between [µ-2σ; µ-2σ]
• Approximately 99.7% of the area is is between [µ-3σ; µ-3σ]

μµ-2σ µ+2σµ-σ µ+σ
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Normal distribution function, 𝑁(𝜇, 𝜎2) 
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Normal distribution function: family 

𝑥~𝑁(𝜇, 𝜎2)  ➔ Density function: 𝑓 𝑥 =
1

2𝜋𝜎2
𝑒𝑥𝑝 −

1

2

𝑥−𝜇

𝜎

2

2 parameters: 𝜇 (mean, central value), and 𝜎 (std.dev., the spread)
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Standard Normal distribution, 𝑧

The Standard Normal Distribution, 𝑍, is a Normal Distribution 

with mean equal to 0 and standard deviation equal to 1, Z~𝑁(0,1)

𝑍~𝑁 0,1

Density function: 

𝑓 𝑧 =
1

2𝜋
𝑒𝑥𝑝 −

1

2
𝑧2
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Standard Normal distribution, 𝑧

ANY Normal distribution X~𝑁(𝜇, 𝜎2) can be reconverted into a 

Standard Normal Z~𝑁(0,1) , by standardization

Z =
𝑋 − 𝜇

𝜎
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μ

N(μ;σ2)N(0;1)

𝒙 − 𝝁

𝝈
𝒛 = Move the mean to 0

Reduce the standard 
deviation to unity

Standard Normal distribution, 𝑧
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Standard Normal distribution, 𝑧: examples

Example: 

X~𝑁(50,100). Standardize the following values of x: 

 (a) x = 55 ➔ z =
55−50

10
= 0.5

 (b) x = 35 ➔ z =
35−50

10
= −1.5
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• It is a bell-shaped curve
• Symmetry about the mean  μ  (mean = mode = median)
• The total area under the curve is equal to 1 (or 100%)

• 50% of the area is to the left of the mean, and 50% to the right

50% 50%

μ=0
21

Standard Normal distribution, 𝑧
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• It is a bell-shaped curve
• Symmetry about the mean  μ  (mean = mode = median)
• The total area under the curve is 1 (or 100%)

• 50% of the area is to the left of the mean, and 50% to the right
• Approximately 68.3% of the area is between [µ-σ=-1; µ-σ=1]

- 1 1μ=0
σ σ 
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Standard Normal distribution, 𝑧
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• It is a bell-shaped curve
• Symmetry about the mean  μ  (mean = mode = median)
• The total area under the curve is 1 (or 100%)

• 50% of the area is to the left of the mean, and 50% to the right
• Approximately 68.3% of the area is between [µ-σ=-1; µ-σ=1]
• Approximately 95.4% of the area is between [µ-2σ=-2; µ-2σ=2]

μ=0- 1 1- 2 2μ=0
σ σ σ σ 
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Standard Normal distribution, 𝑧
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- 1 1- 2 2- 3 3μ=0
σ σ σ σ σ σ 

• It is a bell-shaped curve
• Symmetry about the mean  μ  (mean = mode = median)
• The total area under the curve is 1 (or 100%)

• 50% of the area is to the left of the mean, and 50% to the right
• Approximately 68.3% of the area is between [µ-σ=-1; µ-σ=1]
• Approximately 95.4% of the area is between [µ-2σ=-2; µ-2σ=2]
• Approximately 99.7% of the area is is between [µ-3σ=-3; µ-3σ=3]
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Standard Normal distribution, 𝑧
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Standard Normal distribution, 𝑧
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Statistical Table of Standard Normal distribution 
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Why it is so useful the 

Standard Normal 

Distribution 𝑍~𝑁(0,1) 
and the 

standardization of a 

Normal distribution in 

a Standard Normal 

Distribution?

We have the tables of 

the Standard Normal 

Distribution 𝑍~𝑁(0,1)
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Statistical Table of Standard Normal distribution 

The statistical table reports, for each value of z, the area under the 

curve at the left of z, denoted by Φ 𝑧
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Statistical Table of Standard Normal distribution 

For each z-score, the tables give to us the value of the area between -∞ to z. 

The area in the tables is also the probability of having a value lower than z
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Using the Standard Normal Table: example 

Find the area under the standard normal curve to the left of z = 1.95.
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Using the Standard Normal Table: example 

31Continuous Random Variables

If we have only the table of 

Standard Normal Probabilities for 

Positive Z-scores we can find all the 

values (also for negative z)



Positive value of z

Find the value of z in the table.

This is the area between [-∞;z] or the 

probability lower than z

Ex. P(z < 2.04)=?

P(z < 2.04)=0.9793
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Negative value of z

From the condition of probability distribution: 

Σ 𝑃(−∞<Z<+∞) = 1

Z is also symmetric around the mean 

You can find the negative value of z taking the value of z in absolute value (or in modulus) doing   1 − |𝑧|

Ex. P(z < - 2.04)=?

P(z < - 2.04) = 1 - 0.9793 = 0.0207=1 – P(z<2.04)
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Using the Standard Normal Table: Ex 1 

Find the area under the standard normal curve to the left of z = 1.95.
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Using the Standard Normal Table: Ex 2 

Find the area to the right of z = 2.32.
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Using the Standard Normal Table: Ex 3 

Find the area to the left of z = -1.54.

z is a negative value

You find the area taking the 

z in absolute value (or in 

modulus) 

𝑧 = 1.54

The area will equal to be 1-P(|z|)=1-0.9382=0.0618
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Using the Standard Normal Table: Ex 3 

Find the area to the left of z = -1.54.
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Using the Standard Normal Table: Ex 4 

Find 𝑃(1.19 < z < 2.12)
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Using the Standard Normal Table: Ex 5 

Find 𝑃(−1.56 < 𝑧 < 2.31)
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Using the Standard Normal Table: Ex 6

𝑃(0 < 𝑧 < 5.67) ➔

 𝑃(𝑧 < −5.35)  ➔
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From 𝑥 to 𝑧  

Let X~𝑁 25,16 . Find 𝑃 25 < 𝑥 < 32 :

1) Standardize ➔z =
25−25

4
= 0 and z =

32−25

4
= 1.75

2) Use the statistical table 
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From 𝑥 to 𝑧  

Let X~𝑁 25,16 . Find 𝑃(18 < 𝑥 < 34)

1) Standardize ➔z =
18−25

4
= −1.75 and z =

34−25

4
= 2.25

2) Use the statistical table 
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Exercise 7 

Z is a normally standard distributed variable with mean μ = 0 and standard deviation σ = 1.

Find

a. P(z < 1.95)

b. P(z > 2.32)

c. P(1.19 < z < 2.12)
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a. P(z<1.95) = 0.9744 = 97.44%

44Continuous Random Variables

Using the Standard Normal Table: Ex 7



b. P(z>2.32) = 0.0102 = 1.02%

0 z
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Using the Standard Normal Table: Ex 7



c. P(1.19<z<2.12)

Shaded area (z=2.12) 

= 0.9830

Shaded area (z=1.19) 

= 0.8830

0 1.19 2.12 z

Shaded area =

High value – Low value =

0.9830 - 0.8830 = 

0.1000

= 0.1000 = 10%
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Normal distribution

𝑁(𝜇, 𝜎2)
Density function is: 

𝑓 𝑥 =
1

2𝜋𝜎2
𝑒𝑥𝑝 −

1

2

𝑥−𝜇

𝜎

2

2 parameters:

𝜇 (mean) and 𝜎 (st. deviation)
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Normal distribution

𝑁(𝜇, 𝜎2)

• Bell-shaped 
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Normal distribution

𝑁(𝜇, 𝜎2)

• Bell-shaped 

• Total area under the curve =1
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Normal distribution

𝑁(𝜇, 𝜎2)

• Bell-shaped 

• Total area under the curve =1

• Symmetric about the Mean
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Normal distribution

𝑁(𝜇, 𝜎2)

• Bell-shaped 

• Total area under the curve =1

• Symmetric about the Mean

• Mode=Mean=Median

• Tails extend indefinitely
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Normal distribution: the mean

𝑥~𝑁 𝜇, 𝜎2

2 parameters:

1. 𝜇 (mean)

52Continuous Random Variables

μμμ



Normal distribution: the spread

𝑥~𝑁 𝜇, 𝜎2

2 parameters:

2. 𝜎 (st. deviation, the spread)
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μ

𝜎 = small (taller distribution) 

𝜎 = large (flatter distribution) 



Normal distribution function: family 

𝑥~𝑁(𝜇, 𝜎2)  ➔ Density function: 𝑓 𝑥 =
1

2𝜋𝜎2
𝑒𝑥𝑝 −

1

2

𝑥−𝜇

𝜎

2

2 parameters: 𝜇 (mean, central value), and 𝜎 (std.dev., the spread)
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Standard Normal distribution, 𝑧

The Standard Normal Distribution, 𝑍, is a Normal Distribution 

with mean equal to 0 and standard deviation equal to 1,

𝑍~𝑁 0,1

ANY Normal distribution X~𝑁(𝜇, 𝜎2) can be reconverted into a 

Standard Normal Z~𝑁(0,1) , by standardization

Z =
𝑋 − 𝜇

𝜎
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Applications – 1 

According to the Physician Compensation Report, American Internal 

medicine physicians earned an average of $196,000 in 2014. Suppose that 

these earnings are normally distributed with 𝜎 = $20,000, find the probability 

that a randomly selected American internal medicine physician earned in 

2014 between $169,400 and $206,800.

56Continuous Random Variables



Applications – 1 

According to the Physician Compensation Report, American Internal 

medicine physicians earned an average of $196,000 in 2014. Suppose that 

these earnings are normally distributed with 𝜎 = $20,000, find the probability 

that a randomly selected American internal medicine physician earned in 

2014 between $169,400 and $206,800.

𝑃(𝑥1 < 𝑋 < 𝑥2) = 𝑃(𝑧1 =
𝑥1 − 𝜇

𝜎
< 𝑍 < 𝑧2 =

𝑥2 − 𝜇

𝜎
)

𝑃 169,400 < 𝑋 < 206,800 = 𝑃
169,400 − 196,000

20,000
< 𝑍 <

206,800 − 196,000

20,000
=

= 𝑃 −1.33 < 𝑍 < 0.54 = 𝑃 𝑍 < 0.54 − 𝑃 𝑍 < −1.33 =

= 𝑃 𝑍 < 0.54 − (1 − 𝑃 𝑍 < 1.33 =

57Continuous Random Variables

For negative z we find the 
probability with 𝟏 − 𝑷(𝒁 < |𝒛|)



Applications – 1 

According to the Physician Compensation Report, American Internal 

medicine physicians earned an average of $196,000 in 2014. Suppose that 

these earnings are normally distributed with 𝜎 = $20,000, find the probability 

that a randomly selected American internal medicine physician earned in 

2014 between $169,400 and $206,800.

𝑃 𝑍 < 0.54 − (1 − 𝑃 𝑍 < 1.33 =

= 0.7054
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−(1 − 0.9082) =0.9082 0.6136

For negative z we find the 
probability with 𝟏 − 𝑷(𝒁 < |𝒛|)



Applications – 1 

According to the Physician Compensation Report, American Internal 

medicine physicians earned an average of $196,000 in 2014. Suppose that 

these earnings are normally distributed with 𝜎 = $20,000, find the probability 

that a randomly selected American internal medicine physician earned in 

2014 between $169,400 and $206,800.

𝑃 169,400 < 𝑋 < 206,800 =

𝑃 −1.33 < 𝑍 < 0.54 =

= 0.6136 = 61.36%
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Applications – 2 

The assembly time for a toy follows a normal distribution with a mean of 55 

minutes and a standard deviation of 4 minutes. The company closes at 5 p.m. 

every day. If one worker starts to assemble a toy at 4 p.m., what is the 

probability that he/she will finish this job before the company closes for the 

day?

60Continuous Random Variables



Applications – 2 

The assembly time for a toy follows a normal distribution with a mean of 55 

minutes and a standard deviation of 4 minutes. The company closes at 5 p.m. 

every day. If one worker starts to assemble a toy at 4 p.m., what is the 

probability that he/she will finish this job before the company closes for the 

day?

𝑃 𝑋 < 𝑥 = 𝑃 𝑋 < 60 = 𝑃 𝑍 < 𝑧 =

= 𝑃 𝑍 <
𝑥 − 𝜇

𝜎
= 𝑃 𝑍 <

60 − 55

4
=

= 𝑃 𝑍 < 1.25 =

= 0.8944 = 89.44%
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Applications – 2 

The assembly time for a toy follows a normal distribution with a mean of 55 

minutes and a standard deviation of 4 minutes. The company closes at 5 p.m. 

every day. If one worker starts to assemble a toy at 4 p.m., what is the 

probability that he/she will finish this job before the company closes for the 

day?

𝑃 𝑋 < 60 = 𝑃 𝑍 < 𝑧 =

= 𝑃 𝑍 <
𝑥 − 𝜇

𝜎
= 𝑃 𝑍 <

60 − 55

4
=

= 𝑃 𝑍 < 1.25 = 0.8944 = 89.44%
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Applications – 3 

It has been observed that the net amount of soda in such a can has a normal 

distribution with a mean of 12 ounces and a standard deviation of .015 ounce. 

What percentage of the Orange Cola cans contain 12.02 to 12.07 ounces of 

soda?

63Continuous Random Variables



Applications – 3 

It has been observed that the net amount of soda in such a can has a normal 

distribution with a mean of 12 ounces and a standard deviation of .015 ounce. 

What percentage of the Orange Cola cans contain 12.02 to 12.07 ounces of 

soda?

𝜇 = 12, 𝜎 = 0.015, 𝑥1 = 12.02, 𝑥2 = 12.07

𝑃(𝑥1 < 𝑋 < 𝑥2) = 𝑃(𝑧1 =
𝑥1 − 𝜇

𝜎
< 𝑍 < 𝑧2 =

𝑥2 − 𝜇

𝜎
)

𝑃 12.02 < 𝑋 < 12.07 = 𝑃
12.02 − 12

0.015
< 𝑍 <

12.07 − 12

0.015
=

= 𝑃 1.33 < 𝑍 < 4.67 = 𝑃 𝑍 < 4.67 − 𝑃 𝑍 < 1.33
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Applications – 3 

It has been observed that the net amount of soda in such a can has a normal 

distribution with a mean of 12 ounces and a standard deviation of .015 ounce. 

What percentage of the Orange Cola cans contain 12.02 to 12.07 ounces of 

soda?

𝑃 𝑍 < 4.67 − 𝑃 𝑍 < 1.33 =

≅ 1 − 0.9082 = 0.0918 = 9.18%
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For value of z>3.6 we have P(Z < z) ≅ 1



Applications – 4 

Suppose the life span of a calculator has a normal distribution with a mean of 

54 months and a standard deviation of 8 months. The company guarantees 

the calculator for 36 months: in case of malfunctioning the purchase will be 

replaced by a new one. About what percentage of calculators made by this 

company are expected to be replaced?
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Applications – 4 

Suppose the life span of a calculator has a normal distribution with a mean of 

54 months and a standard deviation of 8 months. The company guarantees 

the calculator for 36 months: in case of malfunctioning the purchase will be 

replaced by a new one. About what percentage of calculators made by this 

company are expected to be replaced?

𝑃 𝑋 < 𝑥 = 𝑃 𝑋 < 36 = 𝑃 𝑍 < 𝑧 =

= 𝑃 𝑍 <
𝑥 − 𝜇

𝜎
= 𝑃 𝑍 <

36 − 54

8
=

= 𝑃 𝑍 < −2.25 =

= 1 − 𝑃 𝑍 < 2.25 = 1 − 0.9878 = 0.0122 = 1.22%
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Applications – 4 

Suppose the life span of a calculator has a normal distribution with a mean of 

54 months and a standard deviation of 8 months. The company guarantees 

the calculator for 36 months: in case of malfunctioning the purchase will be 

replaced by a new one. About what percentage of calculators made by this 

company are expected to be replaced?
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𝑃 𝑋 < 2.12 = 𝑃 𝑍 < −1.33 = 0.0918 = 9.18%

Applications – 5 
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Applications – 5 
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Applications – 5 



Using the Standard Normal Table...again 

Find z s.t. the area under the standard normal to its left is 0.9251.
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Using the Standard Normal Table...again 

Find z s.t. the area under the standard normal to its left is 0.9251.
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1. Find this 

value (or 

closest to) 

inside the 

table

2. z given by its 

“coordinates”



Applications – 4 Revisited 

The life span of a calculator, X, has a normal distribution with a mean of 54 

months and a standard deviation of 8 months. What should the warranty 

period if the company does not want to replace more than 1% of the 

calculators sold?
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Applications – 4 Revisited 

The life span of a calculator, X, has a normal distribution with a mean of 54 

months and a standard deviation of 8 months. What should the warranty 

period if the company does not want to replace more than 1% of the 

calculators sold?

We have to find the value that 

leaves to its left 0.01 (negative z)

Z is a symmetric distribution 

𝑃 𝑍 < −𝑧 = 𝑃 𝑍 > 𝑧 = 0.01

We have to find this |z| value
75

0.01

0.01
Negative z Positive z



Applications – 4 Revisited 

The life span of a calculator, X, has a normal distribution with a mean of 54 

months and a standard deviation of 8 months. What should the warranty 

period if the company does not want to replace more than 1% of the 

calculators sold?

The z-value that leaves to its right 0.01:

P Z > z = 0.01 → 1 − P Z < z = 0.01

1 − P Z < z = 0.01
→ 𝑃 𝑍 < 𝑧 = 1 − 0.01 = 0.99

The nearest value to P Z < z = 0.99 is for 
𝑧 = 2.33

P Z > 2.33 = 0.01 𝑎𝑛𝑑 P Z < −2.33 = 0.01
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Applications – 4 Revisited 

The life span of a calculator, X, has a normal distribution with a mean of 54 

months and a standard deviation of 8 months. What should the warranty 

period if the company does not want to replace more than 1% of the 

calculators sold?

𝑧 = −2.33

We have to derive x from z

𝑧 =
𝑥 − 𝜇

𝜎
→ 𝑥 =  𝜇 +  𝑧 𝜎

𝑥 =  𝜇 +  𝑧 𝜎 = 54 − 2.33 ∙ 8 = 35.36

The warranty period should be of approximately 36 months (i.e. 3 years)
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Normal approximating Binomial

The normal distribution is a good approximation of the binomial 

distribution when BOTH:

𝑛𝑝 >  5      AND      𝑛(1 − 𝑝) > 5
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Normal approximating Binomial: how 

1. Check if both 𝑛𝑝 >  5      AND      𝑛(1 − 𝑝) > 5

2. Compute E(X) and V(X) of binomial distribution.

3. Convert the discrete random variable into a continuous one, using 

the correction for continuity➔ add and subtract 0.5 from the value 

of interest

4. Compute the required probability using the normal distribution.
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Normal approximating Binomial: example 

It is known that 50% of people in the United States have at least one 

credit card. If a random sample of 30 people is selected, what is the 

probability that 19 of them will have at least one credit card?

Exact Solution: 𝑃 𝑋 = 19 =
30
19

0.519(1 − 0.5)30−19= 0.0509 ≅ 5%
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Normal approximating Binomial: example 

It is known that 50% of people in the United States have at least one 

credit card. If a random sample of 30 people is selected, what is the 

probability that 19 of them will have at least one credit card?

1.  𝑛𝑝 = 15  AND 𝑛 1 − 𝑝 = 15➔ approximation 

2. Compute E(X) and V(X) of binomial distribution:  

 

𝐸 𝑋 = 30 ∗ 0.5 = 15 
V 𝑋 = 30 ∗ 0.5 ∗ (1 − 0.5) = 7.5
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Normal approximating Binomial: example 

It is known that 50% of people in the United States have at least one 

credit card. If a random sample of 30 people is selected, what is the 

probability that 19 of them will have at least one credit card?

3. Correction for continuity: 𝑃(𝑋 = 19) ≅ 𝑃(18.5 ≤ 𝑋 ≤ 19.5)
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Normal approximating Binomial: example 

It is known that 50% of people in the United States have at least one 

credit card. If a random sample of 30 people is selected, what is the 

probability that 19 of them will have at least one credit card?

4. Compute 𝑃 𝑋 = 19 ≅ 𝑃 18.5 ≤ 𝑋 ≤ 19.5

= 𝑃
18.5 − 15

7.5
≤ 𝑋 ≤

19.5 − 15

7.5

= 𝑃 1.28 ≤ 𝑍 ≤ 1.64

= 0.9495 − 0.8997 = 0.0498 ≅ 5%
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Normal approximating Binomial: example II 

According to a survey, 32% of people working would prefer to work 

from home since there is no commute. Suppose that this result is true 

for the whole population. What is the probability that in a random 

sample of 400 workers 108 to 122 will prefer working from home?
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Normal approximating Binomial: example II 

According to a survey, 32% of people working would prefer to work 

from home since there is no commute. Suppose that this result is true 

for the whole population. What is the probability that in a random 

sample of 400 workers 108 to 122 will prefer working from home?

1. 𝑛𝑝 = 128 AND 𝑛 1 − 𝑝 = 272 ➔ approximation 

2. 𝐸 𝑋 = 400 ∗ 0.32 = 128 and V 𝑋 = 400 ∗ 0.32 ∗ (0.68) = 87.04

3. Correction for continuity and standardization: 

= 𝑃
107.5 − 128

87.04
≤ 𝑋 ≤

122.5 − 128

87.04
= 𝑃 −2.20 ≤ 𝑍 ≤ −0.59

4. Compute the probability ➔ 0.2776 − 0.0139 = 0.2637
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t-Student distribution, X~𝑡𝑛

Let 𝑍~𝑁(0,1) and Y~𝜒𝑛
2, 

𝑋 =
𝑍

Τ𝑌 𝑛
~𝑡𝑛

Where n=degrees of freedom (only parameter)

• The total area under a t-student distribution curve is 1

• Distribution is bell-shaped and symmetric around 𝐸 𝑋 = 0

• 𝑉(𝑋) =
𝑛

𝑛−2
, for 𝑛 > 2

• Fatter tails w.r.t. Normal distribution 

• For 𝑛 > 30, X converges to 𝑍~𝑁(0,1) 
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t-Student distribution, X~𝑡𝑛
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t-Student distribution, X~𝑡𝑛 – Example  

88Continuous Random Variables

Find the value of t for 16 df and .05 area in the right tail 



t-Student distribution, X~𝑡𝑛 – Example  
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Find the value of t for 16 df and .05 area in the right tail 



Chi square distribution, X~𝜒2

Let 𝑍1, 𝑍2, 𝑍3, … , 𝑍𝑛 be n i.i.d. random variables 𝑍𝑖~𝑁(0,1) 

𝑋 = ෍

𝑖=1

𝑛

𝑍𝑖
2 ~𝜒𝑛

2

Where n=degrees of freedom (only parameter)

• The chi-square distribution lies to the right of the vertical axis. 

• The total area under a chi-square distribution curve is 1.

• 𝐸 𝑋 = 𝑛
•  𝑉(𝑋) = 2𝑛 
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Chi square distribution, X~𝜒𝑛
2

91Continuous Random Variables

The shape of a chi-square distribution curve is skewed to the right for 

small n and becomes symmetric for large n. 



Chi square distribution – Example

Find the value of χ² for 7 df that leaves an area of .10 in the right tail.
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Chi square distribution – Example

Find the value of χ² for 7 df that leaves an area of .10 in the right tail.
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F distribution, F~𝐹𝑛,𝑚

Let X~𝜒𝑚
2  and Y~𝜒𝑛

2, 

𝐹 =
Τ𝑋 𝑚

Τ𝑌 𝑛
~𝐹𝑚,𝑛

Where m=numerator’s df, n= denominator’s df (2 parameters)

• The curve lies to the right of the vertical axis and the total area 

under F distribution curve is 1
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F distribution, F~𝐹𝑛,𝑚

Let X~𝜒𝑚
2  and Y~𝜒𝑛

2, 

𝐹 =
Τ𝑋 𝑚

Τ𝑌 𝑛
~𝐹𝑚,𝑛
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F distribution, F~𝐹𝑛,𝑚 – Example 

96Continuous Random Variables

Find the value 𝐹𝑛=8,𝑚=14 and .05 area in the right tail



F distribution, F~𝐹𝑛,𝑚 – Example 
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Find the value 𝐹𝑛=8,𝑚=14 and .05 area in the right tail
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