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TRANSMISSION MEDIA

Transmission media are actually located below the physical layer and are directly
controlled by the physical layer. We could say that transmission media belong to layer

zero. Figure 1 shows the position of transmission media in relation to the physical layer.
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Figure 1: Transmission medium and physical layer

A transmission medium can be broadly defined as anything that can carry
information from a source to a destination. For example, the transmission medium for
two people having a conversation is the air. For a written message, the transmission

medium might be a mail carrier, a truck, or an airplane.

In data communications the definition of the information and the transmission
medium is more specific. The transmission medium is usually free space, metallic cable,
or fiber-optic cable. The information is usually a signal that is the result of a conversion

of data from another form.

The use of long-distance communication using electric signals started with the
invention of the telegraph by Morse in the 19th century. Communication by telegraph

was slow and dependent on a metallic medium.

Extending the range of the human voice became possible when the telephone was
invented in 1869. Telephone communication at that time also needed a metallic medium

to carry the electric signals that were the result of a conversion from the human voice.

The communication was, however, unreliable due to the poor quality of the wires.
The lines were often noisy and the technology was unsophisticated. Wireless

communication started in 1895 when Hertz was able to send high frequency signals.
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We have come a long way. Better metallic media have been invented (twisted-
pair and coaxial cables, for example). The use of optical fibers has increased the data rate
incredibly. Free space (air and water) is used more efficiently, in part due to the

technologies.

Computers and other telecommunication devices use signals to represent data.
These signals are transmitted from one device to another in the form of electromagnetic

energy, which is propagated through transmission media.

In telecommunications, transmission media can be divided into two broad
categories: guided and unguided. Guided media include twisted-pair cable, coaxial cable,

and fiber-optic cable. Unguided medium is free space. Figure 2 shows this taxonomy.
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Figure 2: Classes of transmission media

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. A signal traveling along
any of these media is directed and contained by the physical limits of the medium.
Twisted-pair and coaxial cable use metallic (copper) conductors that accept and transport
signals in the form of electric current. Optical fiber is a cable that accepts and transports

signals in the form of light.
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Twisted-Pair Cable

A twisted pair consists of two conductors (normally copper), each with its own

plastic insulation, twisted together, as shown in Figure 3.
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Figure 3: Twisted-pair cable

One of the wires is used to carry signals to the receiver, and the other is used only

as a ground reference. The receiver uses the difference between the two.

In addition to the signal sent by the sender on one of the wires, interference

(noise) and crosstalk may affect both wires and create unwanted signals.

If the two wires are parallel, the effect of these unwanted signals is not the same
in both wires. This results in a difference at the receiver. By twisting the pairs, a balance
is maintained. For example, suppose in one twist, one wire is closer to the noise source
and the other is farther; in the next twist, the reverse is true. Twisting makes it probable
that both wires are equally affected by external influences (noise or crosstalk). This
means that the receiver, which calculates the difference between the two, receives no
unwanted signals. The unwanted signals are mostly canceled out. From the above
discussion, it is clear that the number of twists per unit of length (e.g., inch) has some

effect on the quality of the cable.

Unshielded Versus Shielded Twisted-Pair Cable

The most common twisted-pair cable used in communications is referred to as
unshielded twisted-pair (UTP). IBM has also produced a version of twisted-pair cable for
its use called shielded twisted-pair (STP). STP cable has a metal foil or braided mesh

covering that encases each pair of insulated conductors. Although metal casing improves
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the quality of cable by preventing the penetration of noise or crosstalk, it is bigger and

more expensive. Figure 4 shows the difference between UTP and STP.
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Figure 4: UTP and STP cables

Categories

The Electronic Industries Association (EIA) has developed standards to classify
unshielded twisted-pair cable into seven categories. Categories are determined by cable
quality, with 1 as the lowest and 7 as the highest. Each EIA category is suitable for
specific uses. The data rate for the first category is less than 0.1 Mbps, while with the
highest category the data rate is about 600 Mbps.

Connectors
The most common UTP connector is RJ45 (RJ stands for registered jack). The

RJ45 is a keyed connector, meaning the connector can be inserted in only one way.
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Performance
One way to measure the performance of twisted-pair cable is to compare
attenuation versus frequency and distance. A twisted-pair cable can pass a wide range of

frequencies.
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COAXIAL CABLE

Coaxial cable (or coax) carries signals of higher frequency ranges than those in
twisted-pair cable, in part because the two media are constructed quite differently. Instead
of having two wires, coax has a central core conductor of solid or stranded wire (usually
copper) enclosed in an insulating sheath, which is, in turn, encased in an outer conductor
of metal foil, braid, or a combination of the two. The outer metallic wrapping serves both
as a shield against noise and as the second conductor, which completes the circuit. This
outer conductor is also enclosed in an insulating sheath, and the whole cable is protected

by a plastic cover (see figure 5).
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Figure 5: Coaxial cable

Coaxial Cable Standards

Coaxial cables are categorized by their radio government (RG) ratings. Each RG
number denotes a unique set of physical specifications, including the wire gauge of the
inner conductor, the thickness and type of the inner insulator, the construction of the
shield, and the size and type of the outer casing. Each cable defined by an RG rating is

adapted for a specialized function, as shown in table 1.

CATEGORY USE
RG-59 Cable TV
RG-58 Thin Ethernet
RG-11 Thick Ethernet

Table 1: Categories of coaxial cables
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Coaxial Cable Connectors

To connect coaxial cable to devices, we need coaxial connectors. The most
common type of connector used today is the Bayone-Neill-Concelman (BNC) connector.
Figure 6 shows three popular types of these connectors: the BNC connector, the BNC T

connector, and the BNC terminator.

The BNC connector is used to connect the end of the cable to a device, such as a TV set.
The BNC T connector is used in Ethernet networks to branch out to a connection to a
computer or other device. The BNC terminator is used at the end of the cable to prevent

the reflection of the signal.
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Figure 6: BNC connectors
Performance

As we mentioned before in what concern to the performance, the way to measure
the performance of coaxial cable is to compare attenuation versus frequency and distance.
We noticed that the attenuation is much higher in coaxial cables than in twisted-pair
cable. In other words, although coaxial cable has a much higher bandwidth, the signal

weakens rapidly and requires the frequent use of repeaters.

Coaxial cable was widely used in analog telephone networks where a single
coaxial network could carry 10,000 voice signals. Later it was used in digital telephone
networks where a single coaxial cable could carry digital data up to 600 Mbps. However,
coaxial cable in telephone networks has largely been replaced today with fiber-optic

cable.
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Another common application of coaxial cable is in traditional Ethernet LANS.
Because of its high bandwidth, and consequently high data rate, coaxial cable was chosen

for digital transmission in early Ethernet LANS.



