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The transmission medium is the physical path between transmitter and receiver in a data transmission system. Transmission media can be classified as guided or unguided. In both cases, communication is in the form of electromagnetic waves. 

With guided media, the waves are guided along a solid medium, such as copper twisted pair, copper coaxial cable, and optical fiber. 

The atmosphere and outer space are examples of unguided media that provide a means of transmitting electromagnetic signals but do not guide them; this form of transmission is usually referred to as wireless transmission.
In the case of guided media, the medium itself is more important in determining the limitations of transmission.
For unguided media, the bandwidth of the signal produced by the transmitting antenna is more important than the medium in determining transmission characteristics.
A number of design factors relating to the transmission medium and to the signal

determine the data rate and distance: Bandwidth. Transmission impairments. Interference.
Number of receivers. 
2.1 GUIDED TRANSMSSION MEDIA
The three guided media commonly used for data transmission are twisted pair, coaxial cable, and optical fiber.
1- Twisted Pair

The least-expensive and most widely-used guided transmission medium is twisted

pair. 
TABLE 3.1 Point-to-point transmission characteristics of guided media.

Transmission medium     Total data rate     Bandwidth      Repeater spacing

Twisted pair                  4 Mbps                 3 MHz               2 to 10 km

Coaxial cable                500 Mbps             350 MHz           1 to 10 km

Optical fiber                 2 Gbps                   2 GHz             10 to 100 km
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FIGURE 3.2 Guided transmission media.
A twisted pair consists of two insulated copper wires arranged in a regular spiral pattern. A wire pair acts as a single communication link.

arranged in a regular spiral

pattern. A wire pair acts as a single communication link. Typically, a number of these pairs are bundled together into a cable by wrapping them in a tough protective sheath. Over longer distances, cables may contain hundreds of pairs. The twisting tends to decrease the crosstalk interference between adjacent pairs in a cable. 
Neighboring pairs in a bundle typically have somewhat different twist lengths to 3reduce the crosstalk interference. On long-distance links, the twist length typically varies from two to six inches. The wires in a pair have thicknesses of from 0.016 to 0.036 inches.

Twisted pair is also the most common medium used for digital signaling. Twisted pair may be used to transmit both analog and digital signals. For analog signals, amplifiers are required about every 5 to 6 km. For digital signals, repeaters are required every 2 or 3 km.

Compared to other commonly used guided transmission media (coaxial cable, optical fiber), twisted pair is limited in distance, bandwidth, and data rate.

For point-to-point analog signaling, a bandwidth of up to about 250 kHz is possible. This accommodates a number of voice channels. For long-distance digital point-to-point signaling, data rates of up to a few Mbps are possible; for very short distances, data rates of up to 100 Mbps have been achieved in commercially available products.

Unshielded and Shielded Twisted Pair

Twisted pair comes in two varieties: unshielded and shielded. Unshielded twisted pair (UTP) is ordinary telephone wire. Office buildings, by universal practice, are pre-wired with a great deal of excess unshielded twisted pair, more than is needed for simple telephone support. This is the least expensive of all the transmission media commonly used for local area networks, and is easy to work with and simple to install.

Unshielded twisted pair is subject to external electromagnetic interference, including interference from nearby twisted pair and from noise generated in the environment. A way to improve the characteristics of this medium is to shield the twisted pair with a metallic braid or sheathing that reduces interference. This shielded twisted pair (STP) provides better performance at lower data rates. However, it is more expensive and more difficult to work with than unshielded twisted

pair.

Category 3. UTP cables and associated connecting hardware whose transmission characteristics are specified up to 16 MHz.

Category 4. UTP cables and associated connecting hardware whose transmission characteristics are specified up to 20 MHz.

Category 5. UTP cables and associated connecting hardware whose transmission characteristics are specified up to 100 MHz.
A key difference between Category 3 and Category 5 cable is the number of twists in the cable per unit distance. Category 5 is much more tightly twisted typically 3 to 4 twists per inch, compared to 3 to 4 twists per foot for Category 3.

The tighter twisting is more expensive but provides much better performance than Category 3.

2- Coaxial Cable
Coaxial cable, like twisted pair, consists of two conductors, but is constructed differently to permit it to operate over a wider range of frequencies. It consists of a hollow outer cylindrical conductor that surrounds a single inner wire conductor (Figure 3.2b). The inner conductor is held in place by either regularly spaced insulating rings or a solid dielectric material. The outer conductor is covered with a jacket or shield. A single coaxial cable has a diameter of from 0.4 to about 1 in.

Because of its shielded, concentric construction, coaxial cable is much less susceptible to interference and crosstalk than is twisted pair. Coaxial cable can be used over longer distances and supports more stations on a shared line than twisted pair.

Coaxial cable is perhaps the most versatile transmission medium and is enjoying widespread use in a wide variety of applications; the most important of these are : 
· Television distribution

· Long-distance telephone transmission

· Short-run computer system links

·  Local area networks
One of the important application area for coaxial cable is local area networks (Part Three). Coaxial cable can support a large number of devices with a variety of data and traffic types, over distances that encompass a single building or a complex of buildings.
Coaxial cable is used to transmit both analog and digital signals. coaxial cable has frequency characteristics that are superior to those of twisted pair, and can hence be used effectively at higher frequencies and data rates.

For long-distance transmission of analog signals, amplifiers are needed every few kilometers, with closer spacing required if higher frequencies are used. The usable spectrum for analog signaling extends to about 400 MHz. For digital signaling, repeaters are needed every kilometer or so, with closer spacing needed for higher data rates.

3- Optical Fiber
An optical fiber is a thin (2 to 125 pm), flexible medium capable of conducting an optical ray. Various glasses and plastics can be used to make optical fibers. The lowest losses have been obtained using fibers of ultrapure fused silica. Ultrapure fiber is difficult to manufacture; higher-loss multi component glass fibers are more economical

and still provide good performance. Plastic fiber is even less costly and can be used for short-haul links, for which moderately high losses are acceptable.
An optical fiber cable has a cylindrical shape and consists of three concentric sections: the core, the cladding, and the jacket (Figure 3.2~)T. he core is the innermost section and consists of one or more very thin strands, or fibers, made of glass or plastic. Each fiber is surrounded by its own cladding, a glass or plastic coating that has optical properties different from those of the core. The outermost layer, surrounding one or a bundle of cladded fibers, is the jacket. The jacket is composed of plastic and other material layered to protect against moisture, abrasion, crushing,

and other environmental dangers.

Optical fiber already enjoys considerable use in long-distance telecommunications, and its use in military applications is growing.
The following characteristics

distinguish optical fiber from twisted pair or coaxial cable:

Greater capacity. The potential bandwidth, and hence data rate, of optical fiber is immense; data rates of 2 Gbps over tens of kilometers have been demonstrated. Compare this capability to the practical maximum of hundreds of Mbps over about 1 km for coaxial cable and just a few Mbps over 1 km or up to 100 Mbps over a few tens of meters for twisted pair.

Smaller size and lighter weight. 
Lower attenuation. 
Electromagnetic isolation. fiber is inherently difficult to tap.

Greater repeater spacing.  Fiber transmission system that achieves a data rate of 3.5 Gbps over a distance of 318 km [PARK921 without repeaters. Coaxial and twisted-pair systems generally have repeaters every few kilometers.
Two different types of light source are used in fiber optic systems: the light emitting diode (LED) and the injection laser diode (ILD). Both are semiconductor devices that emit a beam of light when a voltage is applied. The LED is less costly, operates over a greater temperature range, and has a longer operational life. The ILD, which operates on the laser principle, is more efficient and can sustain greater data rates.

2-2- WIRELESS TRANSMISSION
For unguided media, transmission and reception are achieved by means of an antenna. For transmission, the antenna radiates electromagnetic energy into the medium (usually air), and for reception, the antenna picks up electromagnetic waves from the surrounding medium.

Three general ranges of frequencies are of interest in our discussion of wireless transmission.

1-  Frequencies in the range of about 2 GHz (gigahertz = 10' HZ) to 40 GHz are referred to as microwave frequencies. At these frequencies, highly directional beams are possible, and microwave is quite suitable for point-to-point transmission. Microwave is also used for satellite communications. 
2- Frequencies in the range of 30 MHz to 1 GHz are suitable for omnidirectional applications. We will refer to this range as the broadcast radio range.
3- the infrared portion spectrum. This covers, roughly, from 3 X 10'' to 2 X 1014 Hz. Infrared is useful to local point-to-point and multipoint applications within confined areas, such as a single room.
1- terrestrial microwave 
The most common type of microwave antenna is the parabolic "dish." A typical size is about 10 feet in diameter. The antenna is fixed rigidly and focuses a narrow beam to achieve line-of-sight transmission to the receiving antenna. Microwave antennas are usually located at substantial heights above ground level in order to extend the range between antennas and to be able to transmit over intervening obstacles.
The primary use for terrestrial microwave systems is in long-haul telecommunications service, as an alternative to coaxial cable or optical fiber. The microwave facility requires far fewer amplifiers or repeaters than coaxial cable over the same distance, but requires line-of-sight transmission. Microwave is commonly used for both voice and television transmission.

Another increasingly common use of microwave is for short point-to-point links between buildings; this can be used for closed-circuit TV or as a data link between local area networks. Short-haul microwave can also be used for the so called bypass application.

Common frequencies used for transmission are in the range 2 to 40 GHz. The higher the frequency used, the higher the potential bandwidth and therefore the higher the potential data rate.

TABLE 3.5 Typical digital microwave performance.

Band (GHz)   Bandwidth (MHz)   Data rate (Mbps)
       2                        7                           12    
       6                      30                           90
     11                      40                           90                         
    18                     220                          274
Repeaters or amplifiers, then, may be placed farther apart for microwave systems-10 to 100 km is typical. Attenuation increases with rainfall, the effects of which become especially noticeable above 10 GHz. Another source of impairment is interference. 
2- Satellite Microwave

A communication satellite is, in effect, a microwave relay station. It is used to link two or more ground-based microwave transmitter/receivers, known as earth stations, or ground stations. The satellite receives transmissions on one frequency band (uplink), amplifies or repeats the signal, and transmits it on another frequency (downlink). A single orbiting satellite will operate on a number of frequency bands, called transponder channels, or simply transponders.
To remain stationary, the satellite must have a period of rotation equal to the earth's period of

rotation. This match occurs at a height of 35,784 km.
The communication satellite is a technological revolution as important as fiber optics. Among the most important applications for satellites are:

 - Television distribution 
- Long-distance telephone transmission

-Private business networks
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(b) Broadcast link via satellite microwave

FIGUKE 3.4 Satellite communications configurations
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FIGURE 3.5 VSAT configuration.
The satellite provider can divide the total capacity into a number of channels and lease these channels to individual business users. A user equipped with the antennas at a number of sites can use a satellite channel for a private network. Traditionally, such applications have been quite expensive and limited to larger organizations with high-volume requirements.
A recent development is the very small aperture terminal (VSAT) system, which provides a low-cost alternative. Figure 3.5 depicts a typical VSAT configuration. A number of subscriber stations are equipped with low cost VSAT antennas (about $400 per month per VSAT). Using some protocol, these stations share a satellite transmission capacity for transmission to a hub station.

The hub station can exchange messages with each of the subscribers as well as relay messages between subscribers.
The optimum frequency range for satellite transmission is 1 to 10 GHz. Below 1 GHz, there is significant noise from natural sources, including galactic, solar, and atmospheric noise, and human-made interference from various electronic devices.

Above 10 GHz, the signal is severely attenuated by atmospheric absorption and precipitation.
Most satellites providing point-to-point service today use a frequency bandwidth in the range 5.925 to 6.425 GHz for transmission from earth to satellite (uplink) and a bandwidth in the range 3.7 to 4.2 GHz for transmission from satellite to earth (downlink). This combination is referred to as the 416 GHz band.
The 12/14 GHz band has been developed (uplink: 14 to 14.5 GHz; downlink: 11.7 to 12.2 GHz). At this frequency band, attenuation problems must be overcome. It is anticipated that this band will also saturate, and use is projected for the 19/29 GHz band (uplink: 27.5 to 31.0 Ghz; downlink: 17.7 to 21.2 GHz). This band experiences even greater attenuation problems but will allow greater bandwidth (2500 MHz versus 500 MHz) and even smaller and cheaper receivers.
3- Broadcast Radio

The principal difference between broadcast radio and microwave is that the former is omnidirectional and the latter is directional. Thus, broadcast radio does not require dish-shaped antennas, and the antennas need not be rigidly mounted to a precise alignment.
Radio is a general term used to encompass frequencies in the range of 3 kHz to 300 GHz. We are using the informal term broadcast radio to cover the VHF and part of the UHF band: 30 MHz to 1 GHz. This range covers FM radio as well as UHF and VHF television. This range is also used for a number of data-networking applications.
The range 30 MHz to 1 GHz is an effective one for broadcast communications. Unlike the case for lower-frequency electromagnetic waves, the ionosphere is transparent to radio waves above 30 MHz. Transmission is limited to line of sight, and distant transmitters will not interfere with each other due to reflection from the atmosphere. Unlike the higher frequencies of the microwave region, broadcast radio waves are less sensitive to attenuation from rainfall.
4- Infrared

Infrared communications is achieved using transmitters/receivers (transceivers) that modulate noncoherent infrared light. Transceivers must be in line of sight of each other, either directly or via reflection from a light-colored surface such as the ceiling of a room.

One important difference between infrared and microwave transmission is that the former does not penetrate walls. Thus, the security and interference problems encountered in microwave systems are not present. Furthermore, there is no frequency allocation issue with infrared, because no licensing is required.
Questions

Q3 1) Define and discuss the main characteristics of the Twisted pair Transmission media. List the other types of media only.

Q3 2)  Define and discuss the main characteristics of the Coaxial Cable Transmission Media. List the other types of media only.

 Q3 3)  Define and discuss the main characteristics of the Optical Fiber Transmission Media. List the other types of media only.

 Q3 4)  Define and discuss the main characteristics of the Terrestrial Microwave  Transmission Media. List the other types of media only.

Q3 5)  Define and discuss the main characteristics of the Satellite Microwave Transmission Media. List the other types of media only.

Q3 6)  Define and discuss the main characteristics of the Broadcasting Radio Transmission Media. List the other types of media only.

Q3 7) Make a table has the following columns and fill it. No. , Transmission Media, Band Width, Data rate, Distant between Repeaters/Amplifiers,
