
UNIT-2 

MULTIPLE RANDOM VARIABLES 

 

 Up to now, we are familiar with theory and operations of a single random variable. But 

in many practical situations, multiple random variables are required for analysis. The analysis of 

two random variables especially is very much needed. The theory of two random variables can 

be extended to multiple random variables. 

1.Explain Joint Probability Distribution Function with Properties? 
Ans: Consider two random variables X and Y. And let two events be A{X ≤ x} and B{Y≤y} 

Then the joint probability distribution function for the joint event {X ≤ x, Y≤y} is defined as 

FX,Y (x, y) = P{ X ≤ x, Y≤y} = P (A ∩B).  

For discrete random variables, if X = {x1, x2, x3,…,xn} and Y = {y1, y2, y3,…, ym} with joint 

probabilities P(xn, ym) = P{X= xn, Y= ym} then the joint probability distribution function is 

 

Similarly for N random variables Xn, where n=1, 2, 3 … N the joint distribution function is 

given as 

 

Properties of Joint Distribution Functions: The properties of a joint distribution function of 

two random variables X and Y are given as follows.  

(1) FX,Y (-∞,-∞) = 0  

FX, Y (x,-∞) = 0  

FX, Y (-∞, y) = 0  

(2) FX,Y (∞,∞) = 1  

(3) 0 ≤ FX,Y (x, y) ≤ 1  

(4) FX, Y (x, y) is a monotonic non-decreasing function of both x and y.  

(5) The probability of the joint event {x1≤ X ≤x2, y1 ≤ Y ≤ y2} is given by  

 

P {x1 ≤ X ≤ x2, y1 ≤ Y ≤ y2} = FX, Y (x2, y2) + FX, Y (x1, y1) - FX, Y (x1, y2) - FX, Y (x2, 

y1)  

(6) The marginal distribution functions are given by FX, Y (x, ∞) = FX (x) and FX, Y (∞, y) = 

FY (y).  

2.Explain the Joint Probability Density Function with Properties? 

Ans: The joint probability density function of two random variables X and Y is defined as the 

second derivative of the joint distribution function. It can be expressed as 



 

 

 



 

3.Derive the Conditional Density and Distribution functions and Write properties? 

Ans: Point Conditioning: Consider two random variables X and Y. The distribution of random 

variable X when the distribution function of a random variable Y is known at some value of y is 

defined as the conditional distribution function of X. It can be expressed as 

 



For discrete random variables, Consider both X and Y are discrete random variables. Then we 

know that the conditional distribution function of X at a specified value of yk is given by 

 



 

 

 



 

4. Explain the Concept of Sum of two Random Variables? 

Ans: The summation of multiple random variables has much practical importance when 

information signals are transmitted through channels in a communication system. The resultant 

signal available at the receiver is the algebraic sum of the information and the noise signals 

generated by multiple noise sources. The sum of two independent random variables X and Y 

available at the receiver is W =X+Y 

 

 



 

Sum of several Random Variables: Consider that there are N statistically independent random 

variables then the sum of N random variables is given by W=X1+X2+X3+…+XN.  

Then the probability density function of W is equal to the convolution of all the individual 

density functions. This is given as 

 

5. Explain the Central Limit Theorem for multiple random variable? 

Ans: It states that the probability function of a sum of N independent random variables 

approaches the Gaussian density function as N tends to infinity. In practice, whenever an 

observed random variable is known to be a sum of largenumber of random variables, according 

to the central limiting theorem, we can assume that this sum is Gaussian random variable. 

 



 

OPERATION ON MULTIPLE  RANDOM VARIABLE 

Introduction: In this Part of Unit we will see the concepts of expectation such as mean, 

variance, moments, characteristic function, Moment generating function on Multiple Random 

variables. We are already familiar with same operations on Single Random variable. This can be 

used as basic for our topics we are going to see on multiple random variables. 

6. Explain the function of Joint random variables and moments? 

Ans: 

 
 



 

7. Define correlation and write the properties of correlation? 

Ans: 

 



 

 

 



8. Define Covariance, Correlation coefficient an write properties? 

Ans: 

 



 

2. If two random variables X and Y are independent, then the covariance is zero. i.e. CXY = 0. 

But the converse is not true.  

Proof: Consider two random variables X and Y. If X and Y are independent, We know that 

E[XY]=E[X]E[Y] and the covariance of X and Y is 



 

 



 

 

 

 



9. Explain the Joint characteristic Function and Joint moment Origin? 

Ans: 

 

 

 

 



N Random variables: Consider N random variables Xn, n=1,2, . . . N. They are said to be 

jointly Gaussian if their joint density function(N variate density function) is given by 

 

10. State and write the properties of Gaussian  N random variables? 

Ans: 

Properties of Gaussian Random Variables:  
1. The Gaussian random variables are completely defined by their means, variances and 

covariances.  

2. If the Gaussian random variables are uncorrelated, then they are statistically independent.  

3. All marginal density functions derived from N-variate Gaussian density functions are 

Gaussian.  

4. All conditional density functions are also Gaussian.  

5. All linear transformations of Gaussian random variables are also Gaussian. 

Linear Transformations of Gaussian Random variables: Consider N Gaussian random 

variables Yn, n=1,2, . . .N. having a linear transformation with set of N Gaussian random 

variables Xn, n=1,2, . . .N. The linear transformations can be written as  

Y1=a11X1+a12X2+ . . . +a1NXN `  

Y2=a21X1+a22X2+ . . . +a2NXN  

.  

.  

.  
YN=aN1X1+aN2X2+ . . . +aNNXN 

Where the elements aijiand j=1,2, . . . N are real numbers. In matrix form we can write it as 



 


