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Course layout (15 Weeks)

➢Introduction of Random signals and Probability Theory

➢Deterministic system and Random system 

➢The axioms of probability 

➢Conditional probabilities, joint probabilities and Bayes’s rule

➢Cumulative distributions and probability density functions

➢Probability Density Function (PDF)

➢Statistical average, variance

➢Covariance and correlation

➢Continuous distributions and densities

➢Q-function:

➢Random processes spectral characteristics 
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Books and References

➢Introduction to Analog and Digital Communications

2nd edition, by Simon Haykin and Michael Moher 

➢Introduction to communication systems, 3rd edition, by Ferrel Stremler.

➢ John J. Proakis, “Communication Systems Engineering”, 2nd edition 

2001.

➢ Bruce Carlson, “Communication Systems”, 4th edition, , 2002

➢A. Kattoush, “digital communication” 2005
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• Example : In throwing a fair dice, the probability of 

A = ( the outcome is greater than 3)

Is    P(A) = P(4) +P(5) + P(6) = ½

• The probability of   B = ( The outcome is even)   is

P(B) = P(2)+ P(4) +P(6)  =1/2

• In this case   

• 𝑃(𝐴ȁ𝐵) = 
𝑃(𝐴,𝐵)

𝑃(𝐵)
= 
𝑃 4 +𝑃(6)

1/2
=

2

3
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Probability Density Function (PDF)

• The pdf is defined as the derivative of the CDF

• 𝑓𝑋 =
𝑑𝐹𝑋(𝑥)

𝑑𝑥

• It is following that:

• 𝑃 𝑥1 < 𝑋 ≤ 𝑥2 = 𝑃(𝑋 ≤ 𝑥2)−𝑃(𝑋 ≤ 𝑥1)
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Ex/  Let X∼N(−5,4).

a) Find P(X<0).

b) Find P(−7<X<−3).

c) Find P(X>−3|X>−5)

Solution

N(μx,σ
2) , μx=-5 , σ=2

• 𝑃 𝑋 < 0 = ∞−׬
0 1

𝜎 2𝜋
𝑒

−
𝑥−𝑚𝑥

2

2𝜎2 𝑑𝑥

• Let 𝑧 =
𝑥−𝜇

𝜎
∴ 𝜎𝑑𝑧 = 𝑑𝑥

• 𝑃 𝑋 < 0 = ∞−׬
5/2 1

2𝜋
𝑒

−
𝑧 2

2 𝑑𝑧 = 1 − 𝑄
5

2
= 1 −

6.209

1000
= 0.99

• 𝑧1 =
−7+5

2
= −1, 𝑧2 =

−3+5

2
= 1

• =1-2Q(1)=1-2*0.158=0.68
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Power Density Spectrum & Properties 

• The power density spectrum (power spectral density) PSD.
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Example

• Autocorrelation of a Random Cosine Process.
• Let X(t) be a random process defined by  X(t) = A cos(2𝜋ft+𝜃) where the 
amplitude A and frequency f are known, but 𝜃 is uniformly distributed on the 
interval between 0 and 2𝜋.

• This is a special type of random process where a single parameter 𝜃 defines the 
sample function for all time.

• The requirement is to find the autocorrelation of X(t)? 
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