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Today: Continuous Random Variables
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Continuous RVs – Learning Objectives

• Continuous RVs and Probability Distribution
• Describe continuous probability distributions

• Calculate probability and moments of continuous 
probability distributions

• Distinguish between types of probability distributions

• Solve problems with both discrete and continuous R.V.



Recall: Discrete Vs. Continuous RVs
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• A RV is a variable whose value can take on one of several 
realizations such that each realization is associated with a 
likelihood of occurrence

A discrete RV takes on a finite or 
countably infinite set of values. 
This means that the possible 
outcomes are distinct and can be 
listed individually.

A continuous RV can take on any 
value within an interval. Since 
there are infinitely many possible 
values, the probability of a single 
exact outcome is zero.

discrete RV 

Continuous RV 



Continuous Probability Distributions
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Probability Density Function – PDF
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• The probability of the random variable taking a 
range of values is given by the area under the pdf

Continuous RV

Discrete RV

• 𝑓(𝑥) is the probability density (distribution) 
function (PDF)

• Probability is given by the probability mass function 
(PMF)



Note the Equivalence
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Cumulative Distribution Function – CDF
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Continuous RV

Discrete RV

• The CDF is obtained by integrating the PDF

• CDF

Or whatever the domain/lower bound is for the 
distribution

Axioms



Descriptors of a Continuous RV – Expected Value
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The expected value represents the average or mean of the distribution.

Continuous RV

Discrete RV



Descriptors of a Continuous RV – Variance
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The variance provides a measure of dispersion of X around its mean.
How widely or narrowly the values of the random variable are dispersed.

Continuous RV

Discrete RV



Examples– Mean and Variance of a Continuous RV
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Exponential Distribution - Definition
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Exponential Distribution is a continuous probability distribution that 
models the time between independent events occurring at a constant 
average rate.

• The occurrence of an event constitutes a Poisson Process. 
• It is often used to describe waiting times, such as time between customer 

arrivals or system failures. (Recurrence time)

Real-world applications:
•Time between arrivals of customers in a queue.
•Time until the failure of a machine component.
•Time between earthquakes in a given region.
•Time between the occurrence of floods

Recall: 
Poisson distribution for 
“rate” or “# occurrences 
per unit” 



The main property of the exponential distribution is the fact that it’s 
MEMORYLESS

Exponential Distribution – Properties
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• Such a property is useful for calculations but may 
not represent reality in many applications

• Example: The probability of waiting additional 
time does not depend on how much time has 
already elapsed.



Exponential Distribution – PDF and Parameters
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• Continuous random 
variable

• Models waiting times 
between events

• Defined only for x>0
• Memoryless property

PDF Exponential 



Exponential Distribution – CDF
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PDF Exponential 

CDF Exponential 



Exponential Distribution – Moments
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Exponential Distributions
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Example 1 – Earthquake
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There were 16 high intensity earthquakes that occurred in San Francisco 
between 1836 and 1961. If we assume that the occurrence of such events 
follows a Poisson process, what is the probability that the next earthquake 
will occur within 2 years?



Differentiate between Poisson and Exponential 
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Exponential Poisson

P(it takes 15 minutes for the 
next call)

P(3 to 5 calls will take place in 
the next 15 minutes)

P(10 years until the next 
earthquake to occur)

P(1 or more earthquakes in the 
next 20 years)



Normal Distribution – Definition

20

The best known and most widely 
used probability distribution. 
• Also referred to as Gaussian 

distribution
• Describes a lot of real-world 

phenomena 
• Continuous probability 

distribution characterized by its 
symmetric, bell-shaped curve.

• It is widely used in statistics, 
natural sciences, and engineering 
due to its properties.



Normal Distribution – PMF and Parameters
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The PDF of a normally distributed random variable X is:

• Continuous random 
variable

• Symmetric bell curve
• Defined for all real values 

of x
• Mean = Median = Mode



Normal Distribution – CDF and Moments
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CDF of a normal distribution

• No closed form
• Use tables to calculate probabilities



Normal Distribution
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Quiz 2
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Standard Normal Distribution
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Negative Values

Complement



The 68-95-99.7 Rule
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Normal to Standard Normal
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Recall: Special Cases for Binomial Distribution
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Example 2 – Standard Normal
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Consider a RV:
Calculate and draw the following:



Example 2 – Standard Normal
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Consider a RV:
Calculate and draw the following:



Example 3– Normal Distribution
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The heights of male adults in the US are approximately normal, with mean 70 in. and 
standard deviation 3.0 in.
• What is the percentage of male adults in the US who are at least as tall as 

• Kevin Durant, 6’9” (i.e., 81 in.)
• Manute Bol, 7’7” (i.e., 91 in.)
• Muggsy Bogues, 5’3” (i.e., 63 in.)



Example 3 – Continued
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The heights of male adults in the US are approximately normal, with mean 70 in. and 
standard deviation 3.0 in.
• What is the percentage of male adults in the US who are at least as tall as 

• Kevin Durant, 6’9” (i.e., 81 in.)
• Manute Bol, 7’7” (i.e., 91 in.)
• Muggsy Bogues, 5’3” (i.e., 63 in.)

If there are approximately 100 million male adults in the US, roughly how 
many in the population does the above relate to?



Example 4 – Exam Scores
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A university professor gives an exam where the scores 
are normally distributed with mean  of 75  and 
standard deviation  of 8. 

a. What percentage of students score above 90?
b. What proportion of students score between 65 and 85 ?



Example 4 – Lifespan of Lightbulbs
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A company manufactures lightbulbs, and their lifespan follows a normal 
distribution with mean of 1000 hours and standard deviation of 200 hours.

a. What is the probability that a randomly selected lightbulb lasts less than 800 hours?
b. What should the warranty period be if the company wants to cover only the bottom 
5% of bulbs?



Example 4 – Lifespan of Lightbulbs
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b. What should the warranty period be if the 
company wants to cover only the bottom 5% of 
bulbs?

We want to find the value of X where 
5% of the data is below it.



Example 4 – Lifespan of Lightbulbs
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b. What should the warranty period be if the 
company wants to cover only the bottom 5% of 
bulbs?
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