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Aims of this Lecture 

By the end of this lecture, students will be able to:

➢ Identify the key concepts of sampling, Nyquist rate, 
and signal classification

➢ Identify different types of signals.
➢ Explain the role of the Nyquist rate in preventing 

aliasing in digital communication
➢ Calculate the Nyquist rate and Nyquist interval for 

different signals using examples
➢ Compare analog and discrete signals and their role in 

communication systems.
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Information Source

• It is a device producing the data to be 
communicated.

• Can be analog or discrete. 

• Analog sources are transformed into digital 
through sampling and quantization.
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Binary Digit (Bit) and Bit Stream

• Bit: The fundamental unit of digital 
information (0 or 1). 

• Bit Stream: A sequence of binary digits, 
forming a baseband signal for digital 
transmission.
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Data Rate 

• Data Rate (R): The number of bits per second 
(bits/s) transmitted.

• Formula: R =
𝐾

𝑇

where k bits identify a symbol, and T is the symbol 
duration.
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Classification of Signals

• Deterministic Signals: Modeled by explicit 
mathematical expressions. 

• Random Signals: Described by probabilities and 
averages. 

• Periodic Signals: Repeat over time, defined by period 𝑇 
0 T 0  . 

• Nonperiodic Signals: Do not repeat over time, meaning 
no 𝑇 0 T 0  satisfies the periodic condition. 

• Analog Signals: Continuous functions of time. 
• Discrete Signals: Exist at specific, discrete times.
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Sampling Theorem

• A continuous-time signal can be converted to 
discrete-time using sampling.

• Nyquist Rate: A signal with no frequency 
components higher than W Hz can be 
recovered if sampled at a rate of 2W samples 
per second.
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Sampling Theorem

Concept:
• The Sampling Theorem states that a continuous-time 

signal can be converted into a discrete-time signal by taking 
samples at regular intervals. This process is called sampling.

• To ensure that no information is lost during sampling, the 
sampling rate must be at least twice the highest frequency 
of the original signal. This minimum rate is known as the 
Nyquist Rate.
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Sampling Theorem

Key Formula (Nyquist Rate):

Explanation:
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Sampling Theorem
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Proof of Sampling Theorem
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Proof of Sampling Theorem
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