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Transmission Media

• Transmission media are actually located below the physical layer and directly controlled by 
the physical layer
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Classes of Transmission Media
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Categories Transmission Media

• Transmission media divided into two categories:

• Guided Media:  

• Guided media, which are those that provide a conduit from one device to another, 
include twisted-pair cable, coaxial cable, and fiber-optic cable.


• Unguided Media:  
• Unguided media transport electromagnetic waves without using a physical 

conductor. This type of communication is often referred to as wireless 
communication. 
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Twisted Pair Cable

• A twisted pair consist of two conductors (normally coppers), each with its own plastic 
insulation, twitted together. 


• One of the wires is used to carry signal to the receiver, and the other is used only as a 
ground references

5



Computer Engineering

Data Communication @lestariningati

Twisted Pair Categories
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Straight Through and Crossover
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UTP Performance
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Applications

• Twisted-pair cables are used in telephone lines to provide voice and data channels. The 
local loop-the line that connects subscribers to the central telephone office commonly 
consists of unshielded twisted-pair cables.


• The DSL lines that are used by the telephone companies to provide high-data-rate 
connections also use the high-bandwidth capability of unshielded twisted-pair cables. 


• Local-area networks, such as 10Base-T and 100Base-T, also use twisted-pair cables.
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Coaxial Cable

• Coaxial cable (or coax) carries signals of higher frequency ranges than those in twisted- pair 
cable.


• Coaxial cables are categorised by their radio government (RG) ratings. Each RG number 
denotes a unique set of physical specifications
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Coaxial Cable Categories
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Coaxial Cable Performance

12



Computer Engineering

Data Communication @lestariningati

Optical Fiber
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Optical Fiber

• A fiber-optic cable is made of glass or plastic and transmits signals in the form of light. To 
understand optical fiber, we first need to explore several aspects of the nature of light.
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Nature of Lights

• Light travels in a straight line as long as it is moving through a single uniform substance. If a 
ray of light traveling through one substance suddenly enters another substance (of a 
different density), the ray changes direction. Figure below shows how a ray of light changes 
direction when going from a more dense to a less dense substance.
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Fiber Optic Propagation Modes
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Modes
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Optical Fiber Types
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Optical Fiber Performance
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Unguided Media: Wireless

• Unguided media transport electromagnetic waves without using a physical conductor. This 
type of communication is often referred to as wireless communication.

• Radio Waves

• Microwaves

• Infrared
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Propagation Methods

• A signal radiated from an antenna travels alog one of three routes:

• Ground wave

• Sky wave or

• Line of Sight (LOS)
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Bands
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Table 4.7 Frequency Bands

Band Frequency Range Free-Space Propagation Characteristics Typical Use
Wavelength Range

ELF (extremely low 30 to 300 Hz 10,000 to 1000 km GW Power line frequencies; used by some 
frequency) home control systems.

VF (voice frequency) 300 to 3000 Hz 1000 to 100 km GW Used by the telephone system for 
analog subscriber lines.

VLF (very low frequency) 3 to 30 kHz 100 to 10 km GW; low attenuation day and night; Long-range navigation; submarine 
high atmospheric noise level communication

LF (low frequency) 30 to 300 kHz 10 to 1 km GW; slightly less reliable than VLF; Long-range navigation; marine
absorption in daytime communication radio beacons

MF (medium frequency) 300 to 3000 kHz 1,000 to 100 m GW and night SW; attenuation low at Maritime radio; direction finding;
night, high in day; atmospheric noise AM broadcasting.

HF (high frequency) 3 to 30 MHz 100 to 10 m SW; quality varies with time of day, Amateur radio; international 
season, and frequency. broadcasting, military communication;

long-distance aircraft and ship 
communication

VHF (very high frequency) 30 to 300 MHz 10 to 1 m LOS; scattering because of VHF television; FM broadcast and 
temperature inversion; cosmic noise two-way radio, AM aircraft 

communication; aircraft navigational 
aids

UHF (ultra high frequency) 300 to 3000 MHz 100 to 10 cm LOS; cosmic noise UHF television; cellular telephone;
radar; microwave links; personal 
communications systems

SHF (super high frequency) 3 to 30 GHz 10 to 1 cm LOS; rainfall attenuation above Satellite communication; radar;
10 GHz; atmospheric attenuation due terrestrial microwave links; wireless
to oxygen and water vapor local loop

EHF (extremely high 30 to 300 GHz 10 to 1 mm LOS; atmospheric attenuation due to Experimental; wireless local loop
frequency) oxygen and water vapor

Infrared 300 GHz to 400 THz 1 mm to 770 nm LOS Infrared LANs; consumer electronic 
applications

Visible light 400 THz to 900 THz 770 nm to 330 nm LOS Optical communication
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Line of Sight (LOS) Transmission

• For any type of wireless communication the signal disperse with distance. Therefore, an 
antenna with a fixed area will receive less power the farther it is from the transmitting 
antenna. 


• For satellite dommunication this is the primary mode of signal loss. Even if no other sources 
of attenuation or impairment are assumed, a transmitted signal attenuates over distance 
because the signal is being spread over a larger and larger area. This form of attenuation is 
known as free space loss. 


• For ideal isotropic antenna, free space loss is
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where K is an adjustment factor to account for the refraction. A good rule of 
thumb is Thus, the maximum distance between two antennas for LOS
propagation is where and are the heights of the two
antennas.

h2h13.57 A2Kh1 + 2Kh2 B ,K = 4/3.

EXAMPLE 4.3 The maximum distance between two antennas for LOS transmis-
sion if one antenna is 100 m high and the other is at ground level is

Now suppose that the receiving antenna is 10 m high. To achieve the same dis-
tance, how high must the transmitting antenna be? The result is

This is a savings of over 50 m in the height of the transmitting antenna. This
example illustrates the benefit of raising receiving antennas above ground level
to reduce the necessary height of the transmitter.

h1 = 7.842>1.33 = 46.2 m

2Kh1 = 41
3.57

- 213.3 = 7.84

 41 = 3.57 A2Kh1 + 213.3 B
d = 3.572Kh = 3.572133 = 41 km

4.4 LINE-OF-SIGHT TRANSMISSION

Section 3.3 discussed various transmission impairments common to both guided and
wireless transmission. In this section, we extend the discussion to examine some
impairments specific to wireless line-of-sight transmission.

Free Space Loss

For any type of wireless communication the signal disperses with distance. There-
fore, an antenna with a fixed area will receive less signal power the farther it is from
the transmitting antenna. For satellite communication this is the primary mode of
signal loss. Even if no other sources of attenuation or impairment are assumed, a
transmitted signal attenuates over distance because the signal is being spread over a
larger and larger area. This form of attenuation is known as free space loss, which
can be expressed in terms of the ratio of the radiated power to the power 
received by the antenna or, in decibels, by taking 10 times the log of that ratio. For
the ideal isotropic antenna, free space loss is

Pt

Pr
=
14pd22
l2 =

14pfd22
c2

PrPt
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3As was mentioned in Appendix 3A, there is some inconsistency in the literature over the use of the
terms gain and loss. Equation (4.3) follows the convention of Equation (3.3).

where

where d and are in the same units (e.g., meters).
This can be recast as3

(4.3)

Figure 4.10 illustrates the free space loss equation.
For other antennas, we must take into account the gain of the antenna, which

yields the following free space loss equation:

where

The third fraction is derived from the second fraction using the relationship
between antenna gain and effective area defined in Equation (4.1). We can recast
the loss equation as

(4.4)

Thus, for the same antenna dimensions and separation, the longer the carrier wave-
length (lower the carrier frequency f ), the higher is the free space path loss. It is
interesting to compare Equations (4.3) and (4.4). Equation (4.3) indicates that as
the frequency increases, the free space loss also increases, which would suggest that
at higher frequencies, losses become more burdensome. However, Equation (4.4)
shows that we can easily compensate for this increased loss with antenna gains. In

= -20 log1f2 + 20 log1d2 - 10 log1AtAr2 + 169.54 dB
LdB = 20 log1l2 + 20 log1d2 - 10 log1AtAr2

Ar = effective area of the receiving antenna
At = effective area of the transmitting antenna
Gr = gain of the receiving antenna
Gt = gain of the transmitting antenna

Pt

Pr
=
14p221d22

GrGtl
2 =

1ld22
ArAt

=
1cd22

f2ArAt

= 20 loga 4pfd
c
b = 20 log1f2 + 20 log1d2 - 147.56 dB

LdB = 10 log 
Pt

Pr
= 20 loga4pd

l
b = -20 log1l2 + 20 log1d2 + 21.98 dB

l

 c = speed of light 13 * 108 m/s2d = propagation distance between antennas
l = carrier wavelength

Pr = signal power at the receiving antenna
Pt = signal power at the transmitting antenna
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• For other antennas, we must take into account the gain of the antenna, which yields the 
following free space equation:
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Omnidirectional Antennas

• Radio waves use omnidirectional antennas that send out signals in all directions. 

• Based on wavelength, strength, and the purpose of transmission, we can have several types of 

Antennas. 

• Figure below shows an omnidirectional antenna.


• Applications: The omnidirectional characteristics of radio waves make them useful for 
multicasting, in which there is one sender but many receiver. AM and FM radio, television, 
maritime radio, cordless phones, and paging are examples of multicasting. 
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Microwaves

• Electromagnetic waves having frequencies between 1 and 300 GHz are called microwaves. 

• Microwaves are unidirectional. When an antenna transmits microvawe waves, they can be 

narrowly focused. This means that the sending and receiving antennas need to be aligned. 

• The following describes some characteristics of microwave propagation:


• Microwave propagation is line-of-sight

• Very High Frequency mirowaves cannot penetrate walls

• The microwave band is relatively wide, almost 299 GHz. There fore wider subbands can 

be assigned, and a high data rate is possible

• Use of certain portions of the band requires permission from authorities. 
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Unidirectional Antennas

• Microvawa need unidirectional antennas that send out signal in one direction. Two types od 
antennas are used for microwave communications: the parabolic dish and the horn. 
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Applications

• Radio waves are used for multicast communications, such as radio and television, and 
paging systems.


• Microwaves are used for unicast communication such as cellular telephones, satellite 
networks, 
and wireless LANs.


• Infrared signals can be used for short-range communication in a closed area using line-of-
sight propagation.
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Infrared

• Infrared waves, with frequencies from 300 GHz to 400 THz (wavelength from 1 mm to 770 
nm), can be used for short-range communication. 


• Infrared waves, having high frequencies cannot penetrate walls.

• Applications: communication between devices, such as keyboard, mice, PCs and printers. 
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