
Probability Distributions for Two Random Variable

1

CDF of one variable X:
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𝑷 𝑿 = 𝟏, 𝒀 = 𝟏 = 𝟎. 𝟏)

Same conditions as 
those for the single 
random variable.



Relations Related to Two Random Variables
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Will be investigated in a later lecture when we 
study the transformation of random variables

The term association is also often used

More on the correlation 
coefficient will given in 
future lectures

The magnitude of the correlation 
coefficient indicates the strength of 
the association. For example, a 

correlation of  𝝆 = 𝟎. 𝟗 suggests a 
strong, positive association 
between two variables, whereas a 
correlation of 𝝆 = −𝟎. 𝟐 suggest a 
weak, negative association . A 
correlation close to zero suggests 
no linear association between two 
variables.
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𝑷 𝑿 = 𝟏) = 𝑷(𝑿 = 𝟏, 𝒀 = 𝟏
+  𝑷 𝑿 = 𝟏, 𝒀 = 𝟐
+ 𝑷 𝑿 = 𝟏, 𝒀 = 𝟑
+ 𝑷 𝑿 = 𝟏, 𝒀 = 𝟒 = 0.2

𝑷 𝒀 = 𝟏) = 𝑷(𝑿 = 𝟏, 𝒀 = 𝟏
+  𝑷 𝑿 = 𝟐, 𝒀 = 𝟏
+ 𝑷 𝑿 = 𝟑, 𝒀 = 𝟏 = 𝟎. 𝟒
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𝑷 𝑿 = 𝟏 = 𝟎. 𝟐

𝑷 𝒀 = 𝟏 = 𝟎. 𝟒



Continuous Two Dimensional Distributions
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CDF of one variable X:

𝑭𝑿 𝒙 = 𝑷 𝑿 ≤ 𝒙 = න
−∞

𝒙

𝒇𝑿 𝒖 𝒅𝒖

x

𝑷 𝒂 ≤ 𝑿 ≤ 𝒃 = න
𝒂

𝒃

𝒇𝑿 𝒖 𝒅𝒖

Extension of the 
1-D properties
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For the discrete case
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Solution: Continued

For x = 1

A B

x

y
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Operations on Multiple Random Variables
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The correlation coefficient is a measure of 
association between the variables X1 and X2 
and is bounded between                   . 1 1  

ρ >0 : positive association
ρ <0 : negative 
association
ρ =0 : no association
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WE have maximum positive 
association between X and Y
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𝜎𝑌
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Z = X  + Y
𝟎 ≤ 𝒛 ≤ ∞
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Example: Let X have an exponential 
distribution with parameter 𝛼 and let 
Y be a uniform distribution over the 
interval (0,2). Define Z = X + Y, find 
the pdf of Z assuming X and Y are 
independent. 

𝟎 ≤ 𝒛 ≤ ∞
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𝑓𝑋 𝑥 = 𝛼𝑒−𝛼𝑥, x ≥ 0

𝑓𝑋 𝑥 = 𝛼𝑒−𝛼𝑥, x ≥ 0
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Example: Let X and Y 
be two independent 
random variables 
uniformly distributed 
over (0,2). Find the 
pdf of Z = X + Y

𝟎 ≤ 𝒛 ≤ 𝟒

1/2

1/2
x-axis



𝑓𝑋(𝑥)

𝑓𝑌(𝑥)

𝑓𝑌(−𝑥)

𝑓𝑌(𝑧 − 𝑥)

𝑓𝑌(𝑧 − 𝑥)

𝑓𝑌(𝑧 − 𝑥)

𝑓𝑌(𝑧 − 𝑥)

640

-4
0

-4+z z

-4+z

-4+z

-4+z

z

z

-z

0 ≤ 𝑧 ≤ 2, 𝑓𝑍(𝑧) = න

0

𝑧
1

2
×
1

4
𝑑𝑥 =

𝑧

8
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Example: Let X be a random 
variable uniformly distributed 
over (0, 2) and let Y be another 
random variable uniformly 
distributed over (0, 4). Assume 
that X and Y are independent, 
find the pdf of Z = X + Y. 

𝟎 ≤ 𝒛 ≤ 𝟔
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