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Chapter 3: Objectives

After completing this chapter, students will be able to:

• Identify device connectivity options.

• Describe the purpose and functions of the physical layer in the
network.

• Describe basic principles of the physical layer standards.

• Select the appropriate media for a given requirement and connect
devices.

• Describe the purpose and function of the data link layer in
preparing communication for transmission on specific media.

• Describe the Layer 2 frame structure and identify generic fields.

• Describe the characteristics and functions of the data link frame.



Chapter 3:

• 3.1 Physical Layer Protocols

• 3.2 Network Media

• 3.3 Data Link Layer Protocols

• 3.4 Media Access Control



3.1 Physical Layer Protocols



Physical Layer



Outline of Physical Layer

• It defines the electrical, timing and their interfaces by which bits
are sent as signals over the channel.

• Foundation on which the network is built.

• The properties of different kinds of physical channel determine
the performance throughput, latency, and error rate.



Outline of Physical Layer

• Digital Modulation: How analog signals are converted into digital
bits and back again.

• Multiplexing Schemes: Exploring how multiple conversations can
be put on the same transmission medium at the same time
without interfering with one another.



Theoretical Basis for Data Communication

• Fourier analysis.

• Bandwidth-limited signals.

• Maximum data rate of a channel



Fourier Analysis

• We model the behavior of variation of voltage or current with
mathematical functions.

• Fourier series is used to expand any periodic function with period
T

g(t) = 1/2c +
∞∑
n=1

an sin(2πnft) +
∞∑
n=1

bn cos(2πnft)

• f = 1/T fundamental frequency.

• an, bn are the sine and cosine amplitudes of the nth harmonic.

• c is a constant



Bandwidth-Limited Signals (1)

A binary signal and its root-mean-square Fourier amplitudes.



Bandwidth-Limited Signals (2)

(b)-(e) Successive approximations to the original signal



Bandwidth-Limited Signals (3)

(b)-(e) Successive approximations to the original signal.



Bandwidth-Limited Signals (4)

(b)-(e) Successive approximations to the original signal



Bandwidth-Limited Signals (5)

(b)-(e) Successive approximations to the original signal



The Maximum Data Rate of a Channel

• Nyquists theorem

maximum data rate = 2B log2 bits/sec

• Shannons formula for capacity of a noisy channel

maximum number of bits/sec = B log2(1 + S/N)

• S/N is called Signal to Noise Ratio (SNR)



Types of Physical Media



Types of Physical Media



Physical Layer Standards



3.2 Network Media



Network Media



Copper Media



UTP Cable



Properties of UTP Cabling
UTP cable does not use shielding to counter the effects of EMI and
RFI. Instead, cable designers have discovered that they can limit the
negative effect of crosstalk by:

• Cancellation

• Varying the number of twists per wire pair



Types of UTP Cable



STP Cable



Coaxial Cable



Cable Manajement



Fiber Media Cable Design



Properties of Fiber Optic Cabling
Fiber-optic cabling is now being used in four types of industry:

• Enterprise Networks

• Fiber-to-the-home (FTTH) and Access Networks

• Long-Haul Networks

• Submarine Networks



Types of Fiber Media



Fiber versus Copper



Types of Wireless Media



Properties of Wireless Media
Wireless does have some areas of concern including:

• Coverage area

• Interference

• Security



Wireless Transmission

• The Electromagnetic Spectrum

• Radio Transmission

• Microwave Transmission

• Infrared Transmission

• Light Transmission



The Electromagnetic Spectrum

The electromagnetic spectrum and its uses for communication



Radio Transmission

In the VLF, LF, and MF bands, radio waves follow the curvature
of the earth



Geostationary Satellites

VSATs using a hub



Physical Layer Fundamental Principles



3.3 Data Link Layer Protocols



The Data Link Layer



Data Link Sublayers



Media Access Control



Formatting Data for Transmission



Data Link Layer Standards




