
Guide to Data & Computer Communications 

CHAPTER 2 - FUNDAMENTAL CONCEPTS

In a communications network, a transmission line carries 
information between a transmitter and a receiver.  A transmitter 
must be capable of translating information into a signal 
suitable for transmission over a specific transmission medium. 
A receiver then reverses the process to get the original 
information.  In addition, a variety of data communications 
networking devices can be utilized to perform specialized 
functions for the network.  In this chapter, the basic operation 
and utilization of these devices are examined.

2.1  TRANSMISSION TECHNIQUES

2.1.1 TRANSMISSION LINES

A transmission line is a path or route through which information 
or data travels from one point to another.  Today, three basic 
types of transmission lines: dedicated, leased and switched are 
used widely in communication networks.

o DEDICATED LINES

A dedicated line is a physically connected line used as a direct 
communication link between two data devices (i.e., computers, 
terminals).  A dedicated line provides a transmission that 
always occurs on the same path, and can be easily tuned to 
increase transmission performance.  The dedicated line can be a 
wire conductor installed by technicians who do not need to have 
special training. 
 
o LEASED LINES

A leased line, commonly referred to as a private line, is used 
to transfer voice and data among facilities which could be 
separate buildings in one city or in distant cities.  The leased 
line is often installed by a local telephone company who will 
bill the users on a monthly basis after a one-time installation 
charge.  For example, the C&P telephone company installs the 
leased lines to establish the telephone connection between the 
called and calling users in the Washington area.

o SWITCHED LINES
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A switched line, referred to as a dial-up line, is used widely 
in a long distance telephone network.  The switched line permits 
users access to the public switched telephone networks (e.g., 
AT&T, MCI).  In using switched transmission, telephone company 
switching centers establish a connection between the dialing 
user and dialed user.  When a call is made, the cost of the call 
is based upon many factors which include the time of day, the 
distance between called and calling users, the duration of the 
call and whether or not an operator was required in placing the 
call. 

2.1.2  SIMPLEX, HALF-DUPLEX AND FULL-DUPLEX TRANSMISSION

In a communications network, three classes of transmission modes 
are used to characterize the transmission of lines, terminal 
devices, mainframe computers and modems.  These are simplex, 
half-duplex and full-duplex.

Simplex transmission is in one direction only and does not allow 
a receiver to respond to the transmission.  The most common use 
of simplex transmission is broadcast, such as commercial radio 
and television.
 
Half-duplex transmission allows transmission in both direction, 
but transmission can occur in only one direction at a time. 
This requires that the direction of transmission be coordinated 
between the two devices.  A popular half-duplex transmission 
application is citizen band (CB) radio.  This device can either 
transmit or receive voice but cannot perform both functions at 
the same time on the same channel.

Full-duplex transmission allows simultaneous transmission in 
both directions.  This transmission is often used when a large 
amount of alternate traffic must be transmitted and received 
within a fixed time period.  In an analog communications 
network, the full-duplex transmission is achieved by dividing 
the bandwidth of the line into two frequencies, one for sending 
and one for receiving.  In a digital communications network, the 
full-duplex transmission is achieved with two pairs of wires 
allowing simultaneous data flow in both directions.

2.1.3 ANALOG TRANSMISSION

Data communications uses both types of transmission: analog and 
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digital.  Analog transmission uses a signaling technique in 
which a transmission is conveyed by modulating the frequency, 
amplitude, or phase of a carrier.  The analog signal is in the 
form of a continuous waveform representing an electrical voltage 
or current.  The loudness of the human voice, for example, 
produces a series of sound pressure waves that are sinwave 
analog signals.  The TV (video) and acoustic data that take on 
continuous values are considered analog data.  Analog signaling 
is commonly used in the public switched telephone network and in 
audio-frequency and radio frequency facilities.  Figure 2.1.3 
illustrates a typical analog signal transmission. 

  
2.1.4 DIGITAL TRANSMISSION 

Digital transmission is based on binary arithmetic concepts. 
Digital data takes on binary discrete values that involve using 
1s and 0s (discrete) to represent words and numbers.  For 
example, text that we read on a screen of a computer is digital 
data.  Digital data can be transmitted either asynchronously or 
synchronously.  Figure 2.1.4 illustrates a typical digital 
signal transmission. 

o ASYNCHRONOUS TRANSMISSION

Asynchronous transmission is commonly referred to as a start-
stop transmission in which one character at a time is 
transmitted or received.  This transmission starts anew on each 
character and stops after each character.  The time interval 
between two character codes is indefinite (idle time).  The 
asynchronous transmission is often used for transmitting data at 
rates of below 9.6 kbps and at rates of up to 19.6 kbps over a 
leased line and dedicated line, respectively.  Figure 2.1.4-A 
illustrates a typical asynchronous transmission.

o SYNCHRONOUS TRANSMISSION

Synchronous transmission, sometimes referred to as bit-stream 
synchronization, involves sending a group of characters from a 
buffer in a continuous bit stream.  In the synchronous mode, 
before actual data transmission can proceed, transmission codes 
are sent from the transmitting device to the receiving device to 
establish the synchronization.  In addition to having a buffer 
area, more complex circuitry is required for synchronous 
transmission since the receiving device must remain in phase 
with the transmitter for the duration of the transmitted block 
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of information.  Synchronous data transmission is normally used 
for communications data rates in excess of 2000 bps over a 
leased line.  Figure 2.1.4-B illustrates a typical synchronous 
transmission.

o ISOCHRONOUS TRANSMISSION

Isochronous transmission combines both transmission techniques: 
asynchronous and synchronous.  This transmission is 
characterized by start and stop bits between each character as 
in asynchronous, but the character itself can only be sent at 
the beginning of a clock period as in synchronous transmission. 
The time interval between two character codes is definite time 
that is the nearest 1-character code.  Figure 2.1.4-C 
illustrates a typical isochronous transmission.

2.1.5 TRANSMISSION RATES

In a data communications network, many factors can affect the 
transmission rate at which data is transmitted.  Besides the 
transmission medium, the bandwidth is the most important factor 
in determining transmission rates.  In general, the transmission 
rate is a function of the bandwidth of the communication line. 
It is the greater the bandwidth, it is the higher the possible 
speed of the transmission.  Bandwidth is defined as transmission 
capacity of a computer or communications channel.  In an analog 
transmission, bandwidth is the difference between the lowest and 
the highest transmitted frequencies, and is measured in cycles 
per second, or Hertz (Hz).  In pure digital transmission, 
bandwidth is measured in bits per second (bps).  In addition, if 
digital data is converted to frequencies for transmission over 
the public switching telephone network, bandwidth will be stated 
in bps and the frequency will be equal to or greater than the 
bps. 

o ANALOG SERVICES

The analog service, used widely on switched or leased telephone 
lines, offers three grades of transmission: narrow-band, voice-
band and wide-band.  While narrow-band facilities offer a 
bandwidth in the range of 200 to 400 Hz which is equivalent to 
the range of 45 to 300 bps, voice-band facilities have a 
bandwidth in the range of 3000 to 4000 Hz which is approximately 
4800 to 7200 bps via the public switched telephone network.  Low 
data speeds of up to 7200 bps can be transmitted on both narrow-
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band and voice-band facilities.  Transmission rates on wide-band 
facilities vary with the offerings of communications carriers. 
Speeds normally available include 19.2, 40.8, 50, 230.4 kbps, 
1.544 Mbps, 45 Mbps and more.  The local telephone company's 
wide-band facilities permit data transmission rates in excess of 
19,200 bps.  

o DIGITAL SERVICES

Digital data service is offered by AT&T as Dataphone Data 
Service (DDS).  This service provides interstate, full-duplex 
and synchronous digital transmission at speeds of 56 kbps and up 
for point-to-point and multipoint leased and switched lines.  In 
some cities, this service provides digital transmission at 1.544 
Mbps, 45 Mbps and up.  

2.2  DATA TRANSMISSION EQUIPMENT

In this section, the major devices used in a communications 
network such as host computer, data terminals, microcomputers, 
gateways and others are introduced.  These hardware elements are 
used widely in local area networks (LANs) and wide area networks 
(WANs).

2.2.1 HOST COMPUTERS

A host computer is a central computer system or controlling 
computer system in a timesharing or distributed processing 
environment.  A host computer offers a time-sharing function 
that allows users to simultaneously run programs.  Users are 
connected to the host computer by means of communications lines. 
The line connectors are called ports.

2.2.2 DATA TERMINALS

A data terminal is a device that uses bi-directional data 
transmission to a host-computer port.  A data terminal serves as 
an interface between a human operator and a host computer.  A 
data terminal usually has a keyboard for input and a video 
screen and/or a printer for output.  Data terminals reside at 
the other ends of the communications lines that emanate from the 
host-computer port connectors.  
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2.2.3 MICROCOMPUTERS

A microcomputer, commonly referred to as a personal computer, 
uses a microprocessor for its central processing unit (CPU). 
Microcomputers and data terminals differ in one major respect: 
while the microcomputer is an intelligent device, capable of 
manipulating, analyzing data and handling a variety of 
applications, the data terminal, referred to as a "dumb" device, 
does not have the intelligence to do so.  In order for a 
microcomputer to exist in a communications network, a 
microcomputer must be equipped with a communications port and 
appropriate communications software.

2.2.4 MODEMS

A modem is a device that adapts a terminal/computer to the 
telephone line.  The word "modem" derives from a contraction of 
the two main functions of the unit - modulation and 
demodulation.  A modem often consists of a transmitter and a 
receiver.  A transmitter, which consists of a modulator, an 
amplifier, a filter and a signal control circuit’s device, is 
used to convert digital pulses of terminals/computers into 
analog tones which will be carried on the telephone lines.  A 
receiver that contains a demodulator and associated circuitry is 
used to reverse the process by converting the analog tones back 
into the digital pulses which will be used by 
terminals/computers.  A modem handles dialing and answering of 
the call and controls transmission speed.  Today, modems 
transmit data at rates starting 56,000 bps via telephone lines. 
A computer that hooks up with a modem requires a serial port and 
communications software.

2.2.5 DIGITAL SERVICE UNIT & CHANNEL SERVICE UNIT

A digital service unit (DSU) is a device that provides a 
standard interface to a digital transmission.  A DSU consists of 
pulse converter that converts original signals into specific 
signals suitable for the digital transmission over several miles 
on copper wires.  The main functions of the DSU include signal 
translation, regeneration, reformatting, and timing.  Unlike the 
modem, a DSU cannot be externally clocked.  Currently, a DSU can 
transmit data at rates of 56,000 bps and up.  Figure 2.2.5 
illustrates a typical application of DSUs and modems.
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A channel service unit (CSU), which is a special type of DSU, is 
used for AT&T's Data Digital Service.  A CSU is a line driver 
and receiver.  A CSU performs the signal processing to and from 
the bipolar line, and retimes and regenerates the incoming 
signals through the utilization of the user's equipment.  A CSU 
is also used to protect the network from malfunctions in the 
customer's equipment and to permit network testing.

2.2.6 FRONT-END PROCESSORS

A Front-end Processor (FEP) is a communications computer device, 
and is called by a variety of names such as Communications Front 
End, Communication Controller, CPU for Communications, 
Transaction Processor, Line Controller, and probably many more. 
A FEP interfaces the host processor to the network where all the 
user devices reside.  A FEP can perform many functions such as 
polling, calling, error detection and retransmission.  The 
reason behind having this device is to remove those functions 
from the host computer.  FEPs consist of many electronic ports 
designed for specific functions.  In a communications network, 
each specific port must be accompanied by appropriate software 
to interface with specific physical interfaces such as RS-232, 
EIA-530, V.35 and so forth.  Today, FEPs are used widely in wide 
area communications networks.  In LANs, intelligent network 
interface cards (NICs) perform the same functions as a FEP.

2.2.7 INTERNETWORKING DEVICES

Internetworking devices play an important role in data and 
computer communications networks.  The internetworking devices 
that are introduced in this section include repeater, bridge, 
router, brouter and gateway.  Each of these devices performs 
specific functions while providing a communication path so that 
data can be exchanged between specific networks.  The OSI 
reference model that is described in Chapter 3 of this book is 
used in advance here to support the examination of these 
internetworking devices.   Figure 2.2.7 illustrates 
internetworking devices developed within the ISO reference 
model. 

o   REPEATERS

A repeater is merely used to extend the length of the baseband 
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cable in a LAN.  (In a baseband LAN, digital signals - 1's and 
0's - are inserted directly on the cable as voltage pulses). A 
repeater amplifies and retransmits all signals including 
collisions and offers neither protocol conversion capability nor 
any data traffic reduction.  A repeater can be used to 
interconnect two LANs using the identical protocols and having 
the same transmission media.  For example, a repeater can 
connect two Ethernets or two Token Rings but not an Ethernet to 
a Token Ring.  A repeater operates at the OSI Physical layer.  

o   BRIDGES

A bridge is used to provide the logical links among physically 
distinct LANs, whose protocols are compatible at the OSI Data 
Link Layer.  A bridge makes no modifications to the content or 
format of the packet it receives.  When receiving a packet, a 
bridge looks at the source address of the packet and compares 
this address to the entries in its routing table.  If the source 
address is not already in the routing table, then the bridge 
adds the new source address to the routing table.  In a bridge, 
address checking and other internal functions can delay the 
forwarding of packets, reducing the volume of packets handled 
over a time period.  Most bridges operate on networks of similar 
architecture, such as an Ethernet to an Ethernet, or a Token 
Ring to a Token Ring.  However, since IEEE 802.X standards use a 
common IEEE 802.2 Logical Link Control (LLC) at the OSI Layer 2, 
a bridge can connect an Ethernet to a Starlan, or an Ethernet to 
a Token Ring.  Bridges can connect networks running any 
combination of high-level protocols, including, for example, 
TCP/IP, DECnet and OSI.  The high-level protocols are 
transparent to a bridge as long as their packet size does not 
exceed the bridge's maximum.  Another important attribute of 
bridges is their ability to connect networks that use different 
transmission media.  For example, a bridge can connect a coaxial 
cable network with a fiber optic network, or it can connect 
either of these with a twisted pair network.

o   ROUTERS

While a bridge is a protocol-independent device, a router is a 
protocol-dependent device that examines the destination address 
of the message and determines the most effective route.  In 
other words, a router uses configuration tables to identify 
other networks, the paths to them, and the relative efficiency 
of the paths.  Whereas a bridge makes a simple forward or 
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discards decision based on the routing table, a router uses its 
information to select the best route for each packet.  Routers 
can transmit selective packets based on urgency and allowable 
transmission delay.  Routers use a hierarchical addressing 
scheme that distinguishes between device addresses and network 
addresses.  Routers allow the logical separation of an 
internetwork into many subnetworks.  A router operates at the 
OSI Network Layer and routes packets between multiple networks 
that use different protocols. 

A multiprotocol router is simply a router that supports more 
than one protocol.  With the appearance of advanced hardware 
technology, like high-speed microprocessors, multi-protocol 
routers now provide software support for routing a number of 
high-level protocols simultaneously and within a single system. 

o   BROUTERS

A brouter, sometimes referred to as a routing bridge, performs 
functions of both a bridge and a router.  Brouters work by 
routing the routable protocols and bridging the nonroutable 
ones. A brouter provides the processing speed of a bridge, but 
with the internetworking capabilities of a router.  Brouters 
operate at the OSI Data Link Layer, remain independent of higher 
protocols, manage multiple lines and route messages accordingly. 

o   GATEWAYS 

A gateway, sometimes referred to as a protocol converter, is an 
intelligent internetworking device that allows networks with 
dissimilar communications architectures to exchange information 
via multilevel protocol conversion.  Gateways may operate at all 
seven OSI layers and enable interoperability between dissimilar 
operating systems.  Gateways are application-specific and can, 
for example, connect incompatible electronic mail systems or 
convert the files from one LAN to another.

2.2.8 PACKET ASSEMBLER/DISASSEMBLER (PAD)

The Packet Assembler/Disassembler (PAD) is a communications 
device that allows multiple terminals at one location to obtain 
access to a packet switching network via a common circuit.  The 
primary use of PAD is to enable non-X.25 networking devices to 
be connected to a packet switching network.  Today, PADs are 
used in both public and private X.25 network.  PADs support both 
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asynchronous and synchronous terminals.  Figure 2.2.8 
illustrates two of the main uses of PADs for connecting non-X.25 
devices to an X.25 network.

2.2.9 SWITCHES

o   DATA SWITCH AND PRIVATE BRANCH EXCHANGE (PBX)

Data switches are generic names used for a wide variety of 
devices that include matrix switch, port selector, data private 
branch exchange (PBX) and a variety of others.  A matrix switch 
provides the ability to have N lines on one side and N lines on 
the other side.  Figure 2.2.9-A shows two matrix switches (A and 
B), each terminating 32 lines.  Under normal operation, lines 1-
32 go to Front-end Processor (FEP) A while lines 33-64 go to FEP 
B.  In the event one of the FEPs fails, the matrix switch can 
provide a connection so that all of the lines can be connected 
to the other operational FEP. 

The port selector or port contention device works the same as a 
matrix switch except that the number of lines coming in is more 
than the number of lines going out.  Figure 2.2.9-B shows a port 
selector having 64 lines coming in but only 8 lines going out to 
the FEP.

The original PBX was a manual matrix switch device in which an 
operator must plug patch cords into specific jacks on a 
switchboard to establish physical connections.  Modern PBXs are 
very sophisticated computer systems that support a wide range of 
functions.  PBXs use microprocessors to control the operations 
of the switches.  Once used primarily to switch telephone lines, 
PBXs now support both the voice and data traffic, allowing data 
terminal, computer and telephone users to share a common 
network.  While the low-speed PBX can route data at a rate up to 
19.2 kbps, the high-speed PBX can handle speeds up to T-1 (1.544 
Mbps).

o MESSAGE SWITCHES

A message switch is a store-and-forward device associated with 
the complex software developed for the movement of traffic among 
workstations located in different parts of a network.  A message 
performs no data processing function other than to route 
information coming in on one line and going out on another.  In 
a communications network, when a workstation is down for a 
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period of time, a message switch has buffering and queue 
management capability to stack the traffic destined for that 
workstation and send it out in accordance with a predetermined 
set of guidelines when the workstation becomes operational 
again.  Most message switching software permits message priority 
of several levels such as expedite, normal and deferred.  A 
deferred priority allows a message to transmit to its 
destination after normal working hours.  Since the software used 
for store-and-forward message transmission is very complicated, 
many users who used to be involved in message switching have 
moved to use other devices.  

2.2.10 MULTIPLEXERS

A multiplexer is a communications device that merges several 
low- speed transmissions into one high-speed transmission and 
reverses the operation at the other end.  This reversing process 
is called demultiplexing.  The basic reason for using the 
multiplexing technique is to save line and modem costs through 
the sharing of a common channel.  Today, multiplexing techniques 
are used widely by the telephone companies in their networks for 
carrying data and voice transmission.  Figure 2.2.10 shows a 
typical multiplexer deployment.  In this section two basic kinds 
of multiplexing techniques: frequency-division multiplexing and 
time-division multiplexing are examined.

o   FREQUENCY-DIVISION MULTIPLEXERS

A frequency-division multiplexer (FDM) is an older type of 
multiplexer, first developed by the telephone company in the late

1930s to maximize line efficiency by combining many voice grade 
lines for long-haul transmission.  In other words, a FDM is a 
multiplexing device in which the inputs are combined to share 
the same voice-grade line for transmission.  A FDM divides the 
bandwidth of an analog leased line into independent, permanently 
assigned, lower speed subchannels that operate on a particular 
frequency within the spectrum.  The transmission rate slows when 
the more subchannels are assigned within the bandwidth.  As data 
enters, the FDM tones are placed on the line in a predefined 
slot to correspond to the bit composition.  To prevent tones 
from one channel drifting into another channel, a short segment 
of frequency known as a guard band is used to separate one 
channel from another.  A typical FDM operation is illustrated in 
Figure 2.2.10-A.
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o   TIME-DIVISION MULTIPLEXERS

A time-division multiplexer (TDM) accepts multiple digital 
inputs and converts them to one composite digital output.  A TDM 
divides a bandwidth into time slots, retaining the integrity of 
the single channel.  The TDM assigns a time slot to each low-
speed channel whether or not a data source connected to the 
channel is active.  If the data source is active, the TDM will 
place a bit/character into the time slot.  If the data source is 
inactive, the TDM will place a idle bit/character into the time 
slot.  At the opposite end, another TDM reconstructs the data 
for each channel based on its position in the sequence of time 
slots.  A typical FDM operation is illustrated in Figure 2.2.10-
B.

o   STATISTICAL MULTIPLEXERS

A statistical multiplexer (SM), which is sometimes referred to 
as an intelligent TDM (STDM) or a concentrator, is a special 
type of TDM that allows dynamic allocation of bandwidth.  In 
other words, a SM dynamically allocates time slots on the link 
to inputting devices on an as needed basis.  Unlike TDM, a SM 
has no idle time on the link when a device attached to a SM does 
not have information to send.  SMs provide more intelligent data 
flow control and enhanced functionality that includes error 
control and more sophisticated user diagnostics.  The primary 
advantage of SM over conventional TDM is its greater efficiency 
in transmitting and receiving data on the high-speed line 
connecting two multiplexers.  Unlike conventional TDMs, which 
cannot handle aggregate input speed that exceeds the composite 
link speed, the SM uses a buffer.  To prevent overflow data to 
be lost, SMs incorporate a flow control technique that inhibits 
data transmission into the multiplexer when the data in its 
buffer reaches a predefined level.  Then, after data is 
transferred from the buffer onto the composite high-speed line, 
the buffer occupancy is lowered until another predefined level 
is reached.  This lower level then becomes a trigger mechanism 
for the multiplexer to enable previously inhibited data sources 
to resume transmission.  A typical SM operation is illustrated 
in Figure 2.2.10-C.  

2.2.11 CONCENTRATORS

A concentrator is a communications device which concentrates m 
input lines to n output lines, where the number of input lines 
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is greater than or equal to the number of output lines. 
Depending upon the hardware components and operating software 
selected, a concentrator can be used to perform many functions 
such as pure concentration, store and forward concentration, 
message switching concentration and remote network processing. 
The high-speed outputs from a concentrator can be transmitted 
directly to a front-end processor or to another concentrator. 
While SM uses a microprocessor, ROM-based programming, and 
limited to RS-232 port monitoring, a concentrator uses a 
minicomputer processor, RAM programming, and can be attached to 
many peripheral devices such as tape, disk, and line printer. 
Concentrators support standard protocols as bi-synchronous and 
higher-level data link control, in addition to vendor protocols.

2.2.12 DIGITAL CROSS-CONNECT SYSTEMS

Some of the most modern equipment in the communications network 
is the Digital Cross-Connect System (DCS).  This computerized 
system allows DS-0 channels (64 kbps) to be individually re-
routed and reconfigured into different DS-1 lines (1.544 Mbps). 
A DCS provides real-time network control for network restoration 
and rerouting, as well as providing traffic segregation, and 
add-drop functions.  In addition to the functionalities of 
multiplexing/demultiplexing and crossing-connecting or routing, 
a DCS also possesses many other features that promote efficient 
use of internodes and local distribution facilities.  These 
features include transport data rate up to 44.7 Mbps, integral 
voice compression, dynamic adaptive routing, integral network 
management, and performance monitoring and reporting at high-
speeds.  A DCS can be used to improve facility management, 
reduce operation costs, and support a broad range of 
application. 

2.2.13 CUSTOMER PREMISE EQUIPMENT

o   FACSIMILES (FAX MACHINES)

Facsimile, originally called telecopying, is a system for the 
transmission of images between remote locations, usually over 
the public telephone network.  The images are scanned at the 
transmitter and converted into a code for transmission.  The 
receiving station reconverts the codes and prints the original 
images on a paper.  A fax machine is made up of scanner, printer 
and modem.  The Consultative Committee for International 
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Telephony and Telegraphy (CCITT) established four Group 
standards for facsimiles transmission.  Group I, the first 
worldwide facsimile communications protocol in the early 1960s, 
is applied to analog facsimile devices that transmit or receive 
a standard page in four to six minutes.  Group II, compatible 
with Group I, is used for analog facsimile devices that 
typically transmit a standard page at three minutes and offer 
some level of data compression.  These first two Groups are no 
longer actively marketed.  Group III transmits one page in 
digital code up to 9,600 baud (with data compression) over the 
public telephone network in one minute or less.  Group III can 
transmit with resolution of 200 dots per inch (dpi).  Finally, 
Group IV addresses digital devices with operating speeds of ten 
seconds or less to transmit a standard page through packet 
switching nodes.  Group IV improves speed and image resolution 
(400 dpi).

o   PRINTERS

A printer is a device that converts computer output into print 
images.  There are many types of printers that include serial 
printer, line, laser, graphics and color.

Serial printers, sometimes referred to as character printers, 
use a dot matrix and print only one character at a time from 
approximately 10 to 400 characters per second (CPS). 

Line printers, known as impact printers, use drum, chain, band, 
dot matrix and dot band technologies.  This printer prints only 
one line at a time from approximately 100 to 5000 lines per 
minute (LPM).

Laser printers, sometimes called page printers, employ the 
electro-photographic technique used in copy machines.  A laser 
printer is capable of printing from approximately 4 to 215 pages 
per minute.  Today laser printers are becoming commonplace for 
personal computers.

Graphics printers use impact serial dot matrix, impact line dot 
matrix, impact line dot band and all non-impact technologies. 
This printer prints graphics in a high resolution mode.

Color printers use impact dot matrix with multiple color 
ribbons, electro-photographic with multiple color tones and 
electrostatic plotters with multiple color toners.  
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o   SCANNERS

A scanner is a device consisting of optical, electronic and 
mechanical parts used to create a digitized image of a document. 
Scanners read text, images and bar codes.  Text and bar code 
scanners recognize printed fonts and bar codes and convert them 
into a digital code, such as ASCII.  Graphics scanners convert a 
printed image into a video image without recognizing the actual 
content of the text or pictures.  A scanner is used with 
specific software to provide communication between a computer 
and the scanner.

2.3 TRANSMISSION INTERFACES

In the world of data communications, data devices that include 
terminals or computers are referred to as Data Terminal 
Equipment or DTEs.  In comparison, modems, bridges and other 
communications devices are referred to as Data Communications 
Equipment or DCEs.  The physical, electrical, and logical rules 
for the exchange of data between DTEs and DCEs are developed by 
many organizations around the world.  This section addresses two 
well known organizations: Electronic Industries Association 
(EIA) and Consultative Committee for International Telephony and 
Telegraphy (CCITT).

2.3.1 ELECTRONIC INDUSTRIES ASSOCIATION

The Electronic Industries Association (EIA) is a national body 
that represents a large percentage of manufacturers in the US 
electronics industry.  The EIA founded in 1924, is headquartered 
in Washington, DC and has over 1200 members.  The EIA sets 
electrical and electronic interface standards, which are always 
preceded by the letters RS (Recommended Standard) or EIA.  The 
most common EIA specifications in use today are identified below.

o EIA-232-C and EIA-232-D

RS-232-C is a recommended standard published in 1969, with the 
number 232 referencing the identification number of one 
particular communications standard and the suffix C designating 
the revision of that standard.  The RS-232-C interface specifies 
25 interchange circuits or conductors that govern the data flow 
between the DTE and DCE.  RS-232-C defines electrical 
characteristics and timing of the signals in the cable.  This 
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interface standard is often used for serial transmission in the 
range of 1 to 20,000 bps over the coaxial cable.  The normal 
cable limitation of 50 feet or 15 meters (m) can be extended to 
several hundred feet with high-quality cable.  However, all 25 
wires in the cable are not used all the time; many applications 
use less than a dozen.  In addition, RS-232-C is used as a 
connector for parallel printer cables.

RS-232-D, which was published in 1987, is the revision of RS-
232-C.  Both RS-232-C and RS-232-D are GOSIP compliant standards 
and specify the use of a D-shaped 25-pin interface connector 
where each end of the cable is equipped with the "male" 
connector that is designed to be inserted into the DB-25 female 
connector normally built into modems.  The major difference 
between RS-232-D and RS-232-C is that the new revision supports 
the testing of both local and remote communications equipment by 
the addition of signals.  In addition, RS-232-D modifies the use 
of the protective ground conductor to provide a shielding 
capability.

o RS-422-A, RS-423-A and RS-449

In the late 1970s, EIA issued a set of standards: RS-422-A, RS-
423-A and RS-449 that is intended to gradually replace the RS-
232-C.  The reason for this replacement is that the most notable 
shortcoming of RS-232-C is its limited distance/speed 
characteristics.  Also, in the case of its use with a modem, RS-
232-C provides very little DTE control of the modem.  The RS-
422-A, RS-423-A and RS-449 standards were designed for serial 
transmission that extend the distances (up to 4000 feet) and 
speeds beyond the RS-232-C standard as well as provide users 
with added functionality. 

While RS-422-A and RS-423-A deal with electrical 
characteristics, RS-449 defines the mechanical, functional, and 
procedural characteristics of these new interfaces. 
Functionally, RS-449 retains all of the interchange circuits of 
RS-232-C, with the exception of protective ground, and adds 10 
new circuits.  Mechanically, the RS-449 standard specifies a 37-
pin connector for the basic interface and a separate 9-pin 
connector if a secondary channel is used.

RS-422-A specifies electrical characteristics of balanced 
voltage interface circuits and achieves the performance of 100 
kbps at 4000 feet to 10 Mbps at 40 feet.  This interface 
standard governs asynchronous data transmission. 
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RS-423-A specifies electrical characteristics of unbalanced 
voltage interface circuits and achieves the rated performance of 
3kbps at 3333 feet to 300 kbps at 33 feet.  Unbalanced 
transmission is generally limited to coaxial cable or very short 
distances.

o EIA-530

Like RS-232-C/D, RS-530 defines the mechanical, functional, and 
procedural characteristics of RS-422-A and RS-423-A.  RS-530 was 
published in 1987 and is capable of transferring rates above 20 
kbps.  This interface standard uses the 25-pin D-shaped 
interface connector.  RS-530 is a GOSIP compliant standard.

2.3.2 CCITT   

The Consultative Committee for International Telephony and 
Telegraphy (CCITT) is an international organization responsible 
for establishing communications standards.  This organization is 
one of four organizations of the International 
Telecommunications Union, founded in 1865, headquartered in 
Geneva and comprised of over 150 member countries.  The CCITT 
sets electrical and electronic interface standards, which are 
often preceded by the four letters X, V, I and Q.  The X 
specifications deal with data interfaces and public data packet 
switching networks.  The V specifications deal with analog 
facilities and telecommunications networks.  The I and Q series 
deal with ISDN recommendations.  The most common CCITT X and V 
specifications in use today are identified below.

o X.3. -  Standard (1977) for Packet assembly/disassembly 
facility (PAD), which divides a data message into packets for 
transmission over a packet-switched network and reassembles them 
at the receiving side. 

o X.21. - Standard protocol for a circuit switching network.

o X.25. - Standard (1976) for interface between DTE and DCE for 
terminals operating in the packet mode on public data networks. 
In other words, this standard is used for the protocol and 
message formats that define the interface between a terminals 
and a packet switching network.  This X.25 is a GOSIP compliant 
standard.
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o X.75. - This standard is an expanded X.25 standard for 
internetwork communications between different packet-switching 
networks and includes the international call establishment 
procedures.

o X.400.- GOSIP compliant standard mail and massaging protocol.

o X.500.- A specification defining the universal interconnecting 
on of public electronic mail networks.  X.500 implies a global 
directory for all of the different services, not just electronic 
mail.  Services include telephone, Telex, and other networks. 
X.500 is a GOSIP compliant standard.

o V.22. - Standard (1980) for asynchronous and synchronous 600 
and 1200 bps full-duplex modems for use in the general switched 
telephone network and on point-to-point two-wire leased 
telephone-type circuits. 

o V.26bis. - Standard (1972) for asynchronous and synchronous 
1200/2400 bps full-duplex modems used in the general switched 
telephone network. 

o V.29. - Standard (1976) for synchronous 4800, 7200 and 9600 
bps full-duplex modems standardized for use on point-to-point 
four-wire leased telephone-type circuits.  This standard has 
been adapted for Group 3 fax transmission.

o V.32. - Standard (1984) for a family of two-wire, full-duplex 
modems operating at data signaling rates of up to 9600 Bps for 
use in the general switched telephone network and on leased 
telephone-type circuits.

o V.35. - Standard (1968) for group band modems that combine the 
bandwidth of several telephone circuits to achieve high data 
rates.  V.35 has become known as a high-speed RS-232 interface 
rather than a type of modem.  V.35 is a GOSIP compliant standard.

2.4 TRANSMISSION MEDIA

The transmission medium is the physical path between transmitter 
and receiver in a data transmission network.  The transmission 
media range from the open-wire pairs that were carried on poles 
in the early days of telecommunications to the high-speed 
satellite links that are today used to transmit data, voice and 
video between distant points on the globe.  In general, there 
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are two types of media: guided media and unguided media.  In 
this section, the three most important guided media - twisted-
wire pair, coaxial cable, and optical fiber - as well as the 
three most important unguided transmission techniques - 
terrestrial microwave, satellite microwave and radio - are 
discussed.

2.4.1 TWISTED-WIRE PAIR

In a data communications network, the most common transmission 
medium for both analog and digital data is twisted-wire pair or 
twisted-pair.  Twisted pair has limited distance, bandwidth, and 
data rates compared to other transmission media.  A twisted-wire 
pair consists of two insulated strands of copper wires arranged 
in a regular spiral pattern where a wire pair acts as a single 
communication link.  A number of twisted-pair are often grouped 
together and enclosed within a protective sheath or jacket to 
form a cable.  In a local area network, a shielded twisted-wire 
pair cable is often used to support data transmission speeds of 
up to 10 Mbps.  A twisted-pair is used widely in myriads of 
electronic and telephone interconnections.

2.4.2 COAXIAL CABLE

Coaxial cable is used to transmit both analog and digital 
signals.  Coaxial cable, like twisted pair, consists of two 
conductors, but it is constructed differently to permit it to 
operate over a wider range of frequencies.  Figure 2.4.2 shows 
the construction of a typical coaxial cable.  Coaxial cable is 
less subject to interference and cross-talk than twisted-pair 
and is able to support data rate of up to 500 Mbps.  Today, 
coaxial cable is used widely in long-distance telephone, 
television transmission, cable television distribution and local 
area networks.

 
2.4.3 OPTICAL FIBER

Fiber optic communications, a new technology, uses pulses of 
light, which are propagated from source to destination through 
hair-thin strands of plastic or glass, as an information 
transfer agent.  These light signals are transmitted through a 
fiber optic cable in a form of on/off pulses which represent a 
digital bit stream.  Both light-emitting diodes (LEDs) and laser 
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diodes (LDs) are available as sources for light-wave 
communication.  Information transmission is accomplished by 
introducing a signal at one end of a fiber optic cable with a 
LED or LD.  This light-wave is trapped in the fiber, bounces 
back and forth as though it is hitting a series of mirrors, and 
eventually comes out at the other end of the fiber.  Compared to 
twisted-pair and coaxial cable that have limited bandwidth, 
fiber optic has a large bandwidth that supports data 
transmission at rates of up to 2 Gbps.  Fiber has very low 
attenuation or signal loss and is immune to both electromagnetic 
interference (EMI) and radio frequency interference (RFI). 
Today, fiber optic technology has supported the development of 
new communication networks capable of transporting data, audio 
and video at a very high-speed.  

2.4.4 TERRESTRIAL MICROWAVE

Microwave is an electromagnetic wave that vibrates at 1 GHz and 
above.  Terrestrial microwave is the transmission frequencies 
used in line-of-sight systems on earth.  Microwave 
communications involves sending waves of information at a high-
speed of up to 275 Mbps over long distances between a radio 
transmitter and a radio receiver, each mounted on a tower.  The 
most common type of microwave antenna is the parabolic "disk". 
To achieve long-distance transmission, a series of microwave 
relay towers is used, and point-to-point microwave links are 
strung together over the desired distance.  The primary use for 
terrestrial microwave systems is in long-haul telecommunications 
service, as an alternative to coaxial cable for transmitting 
voice and television.  Microwave links are used to provide TV 
signals to local CATV installations; the signals are then 
distributed to individual subscribers via coaxial cable.

2.4.5 SATELLITE MICROWAVE 

Satellite is used to link two or more ground-based microwave 
transmitters/receivers, known as earth stations or ground 
stations.  Communication by satellite begins at a single earth 
station, passes through a satellite in geosynchronous orbit 
above the earth, and ends at one or more earth stations.  The 
satellite itself serves as an active relay system consisting of 
transponders and antennas.  The satellite receives transmissions 
on one frequency band (uplink), amplifies (analog transmission) 
or repeats (digital transmission) signal, and transmits it on 
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another frequency (downlink).  Satellite microwave is inherently 
a broadcast medium.  Many stations can transmit to the 
satellite, and a transmission from a satellite can be received 
by many stations.  Today, communications satellites are being 
used widely to handle telephone and television traffic over long 
distance.

2.4.6 RADIO

Radio is often used to carry very high-frequency (VHF: 30-300 
MHz) and ultra high-frequency (UHF: 300-3000 MHz) band for 
broadcast communications.  This range covers amplitude 
modulation (AM), frequency modulation (FM) radio, ultra high-
frequency (UHF) and very high-frequency (VHF) television.  The 
principle difference between radio and microwave is that radio 
is omni-directional (i.e., it can pick up signals in all 
directions) and microwave is focused.  Radio does not require 
dish-shaped antennas.  An application of use of radio for 
digital data communications is packet radio system.  This system 
uses ground-based antennas to link multiple sites in a data 
transmission network.

2.4.7 WIRELESS

The term wireless refers to telecommunication technology, in 
which radio waves, infrared waves and microwaves, instead of 
cables or wires, are used to carry a signal to connect 
communication devices. These devices include pagers, cell 
phones, portable PCs, computer networks, location devices, 
satellite systems and handheld digital assistants.  Wireless 
technology is rapidly evolving, and is playing an ever-
increasing role in the lives of people throughout the world.

The first wireless transmitters went on the air in the early 
20th century using radiotelegraphy (Morse code). Soon after, 
information was then added to the signal carriers, a process 
known as modulation. This made it possible to transmit voices 
and music via wireless, the medium which came to be called 
"radio." With the advent of television, fax, data communication, 
and the effective use of a larger portion of the spectrum, the 
term "wireless" has been revived

1G (or 1-G) is short for the first-generation wireless telephone 
technology, cell phones. These are the analog cell phone 
standards that were introduced in 1980s and continued until 
being replaced by 2G digital cell phones.
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2G (or 2-G) is short for second-generation wireless telephone 
technology. While 1G networks use are analog, 2G networks are 
digital. Both systems use digital signaling to connect the radio 
towers (which listen to the handsets) to the rest of the 
telephone system. 2G technologies use both the TDMA-based and 
CDMA-based standards. In the United States 2G services are 
frequently referred as Personal Communications Service, or PCS.
2.5G services enable high-speed data transfer over upgraded 
existing 2G networks. 

The 3rd Generation Wireless, or 3G, is a term used for the third 
generation of wireless or mobile communications systems. 3G 
systems aim to provide enhanced voice, text and data services to 
each user. The third generation networks should support real-
time video, high-speed multimedia and mobile Internet access. 3G 
data rates can be up to 100 Mbit/sec. 3G completes digital 
modulation while 2G opens digital modulation. 

The Fourth-Generation Communications System or 4G is a term used 
to describe the next step in wireless communications. A 4G 
system will be able to provide a comprehensive IP solution where 
voice, data and streamed multimedia can be given to users at 
higher data rates than 3G. 4G is a fully IP-based integrated 
system capable of providing up to 1 Gbit/s speeds both indoors 
and outdoors, with premium quality and high security. 

5G is short for fifth-generation communication system. 5G is a 
advanced intelligent technology that can interconnect worldwire 
wireless networks at a very high speed. 
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