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Transmission 
Media
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Electromagnetic spectrum for 
telecommunications

ELF     VF     VLF     LF     MF     HF     VHF     UHF     SHF     EHF
102 103 104 105 106 107        108 109 1010 1011 1012     1013 1014 1015

Frequency 
(hertz)

Power and telephone
Rotating generators       
Musical instruments   
Voice microphone 

Radio
Radios and televisions 
Electronic tubes      
Integrated circuits 

Microwave
Radar                    
Microwave antennas       
Magnetrons 

Infrared
Lasers                   
guided missiles       
Rangefinders 

visible 
light

106 105 104 103 102 101           100 10-1 10-2 10-3 10-4     10-5 10-6Wavelength in 
space (meters)

Twisted 
Pair

Coaxial 
Cable

AM Radio FM Radio 
and TV

Terrestrial 
and Satellite 
Transmission

optical 
fiber

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


Transmission Medium
l Guided (P-T-P, Multipoint)

» Twisted Pair
» Coaxial Cable
» Optical Fiber

l Unguided
» Air
» Vacuum
» Seawater

l Simplex (Signal One direction)
l Half Duplex (1 Station at a time)
l Full-Duplex (2 Stations TX & RX)
** CCITT  Simplex = ANSI HD

Duplex = ANSI HD
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Guided Transmission 
Configurations

Transmitter/ 
Receiver Medium Amplifier 

or repeater Medium Transmitter/ 
Receiver

Point-to-Point

0 or more
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characteristics of guided 
media

l The medium itself is more important than other factors in 
determining transmission limitations

l For unguided media, range of frequencies is of more 
importance.

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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Twisted-Pair Cables
l The least expensive media (unshielded)
l Capable of handling up to 100 Mbps
l May be used with voice and data

» Private Automatic Branch eXchange (PABX)

l Unshielded Twisted Pair (UTP)
» Data capacity grades defined by EIA/TIA 568
» Categories that can be used for data

– Category 3 to 10 Mbps
– Category 4 to 20 Mbps
– Category 5 to 100 Mbps

» Characteristic impedance of 100 to 120 ohms
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Twisted-Pair Cables (cont.)
l Shielded Twisted Pair (STP)

» Primarily used by IBM
» Should be better than UTP

– Shields prevent interference from outside signals
– Also prevent interference to outside signals

l Token Ring environments may include a mix of 
UTP and STP cabling
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Coaxial Cables
l Very high cable bandwidth

» Up to 400 MHz

l Low noise (low bit error rate)
l Used in a variety of networking applications

» In IBM networks (e.g., cluster controllers)
» In Ethernets (10Base2 and 10 Base5)
» In cable television (used in broadband LANs)

l Termination resistance (impedance)
» 50 ohms for Ethernet cables
» 75 ohms for broadband LANs
» 93 ohms in some other cables
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Baluns
l Baluns provide a BALanced-to-Unbalanced interconnect
l Balanced cables typically are twisted pairs
l Unbalanced cables typically are coaxial cables
l Baluns are often used to allow twisted pairs to replace more 

expensive coaxial cables
l Impedance match
l Connector match
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Fiber-Optic Cables
l Extremely high data rates

» More than 100 Mbps for LAN uses
» More than 10 times that for telephone company links

l Usage is typically in unidirectional links, with one fiber in 
each direction

l Convert electrical to light and back to electrical

//Electrical Electrical
Light

Electrical Electrical//
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Fiber-Optic Cables
l Very small size

» Hair-like fiber-optic strand (125-micron outer diameter)
» Light-conducting core size of typically 62.5 micron
» Called “62.5/125-micron” fiber
» Other sizes are also used

– May use 50/125 (especially in Europe)

l Many different types of connectors are available
l LAN usage is usually “multimode”, “graded index”

» Multimode supports different light modes, which may travel at 
different speeds

» Graded index resists pulse spreading due to different transmission 
speeds
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Fiber-Optic Cables
l Approximately the same cost as good-quality coaxial cable

» Optical interfaces are the most expensive component
» Transmission by Light Emitting Diodes (LEDs) or laser diodes
» Reception by Positive Intrinsic Negative (PIN) diodes or avalanche 

diodes

l Best available communications media
» Excellent electrical noise immunity
» Difficult to tap (security)
» Lightweight
» Small size (frequency fits in existing cable trays)
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Wireless Communications
l There are several different forms of wireless 

communications 
l Point-to-point microwave 

» Requires “line of sight” between antennas
» Antennas are often mounted on towers
» Requires a license

l Cellular
» Uses the frequency range assigned to the cellular telephone
» Shares the frequency range with other transmissions
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Wireless Communications
l Wireless LANs

» Have been used for some time (e.g., in grocery store inventory 
scanners)

» Spread spectrum technology
– Standards are being developed (IEEE 802.11)
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Satellite Links

Satellite dish

Satellite
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Satellite Links
l Potential of

» Multiples of 56-to-64 Kbps data rates
» Low cost
» Large area of reception (broadcast)
» Distance-independent charging

l Large propagation delay
» 1-nsec/foot (3-nsec/meter) delay (speed of light)
» 250-msec one-way delay for geosynchronous orbit

l Moderate-cost earth stations are possible
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Physical Interconnection Requirements
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C ommunication Requirements

Essential issues in a data communication 
system:
lPhysical Interface Connectors :
Shape, size, no. of pins, serial/parallel.
lProtocols
Rules of communication at various   layers.
Codes/formats.
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Communication Requirements 
(Cont.)

Basic concept behind a protocol is 
l Handshaking (hardware)
l Syntax, semantics, and procedure rules 

(software)

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


Communication Requirements 
(Cont.)

The protocol allows each party to show the 
other end that it has something to send, it is 
ready to accept messages, a message has 
been received, and the reception has been 
successful.

If any of the communication steps fails, the 
protocol should indicate this, and each party 
follows a predefined set of rules to handle the 
exception.
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Purpose of Physical Layer 
Connections

l The basic purpose of the OSI Physical Layer is
»To adapt the digital signals to allow them to be 
communicated across the physical medium.

l Examples include
»Convert digital signals to tones for communications 
across a voice grade telephone circuit.

»Convert digital signals to light (on/off) for 
communications across a fiber-optic circuit.
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Purpose of Physical Layer 
Connections (Contd.)

l The communications circuit may need to 
be
» Established (initially)
» Controlled or maintained
» Released when no longer needed

l The Physical Layer may also be 
responsible for sharing (multiplexing) the 
communications circuit.
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Inter- vs. Intracomputer 
Communications

l Data communications characteristics differ 
from those within a computer system.
» Bit serial transmission
» Handling control information (inband control)
» Higher error rate (need error detectioon and 

correction)
l These issues are discussed on the 

following slides
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Inter- vs. Intracomputer 
Communications(Cont.)

Host

Internal Bus

External Communications Line
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Serial vs. Parallel 
Transmission

l Internal computer buses transfer many 
bits in parallel.

Data

Address

Timing & Control
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Inband Control

Bit Serial transmission 
line

n Which bits are data, which are address, and which are 
control ?

n How is timing (clocking) determined at the receiver?
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Framing Control

l A sequence of bits on the line is called 
frame

l There is a known format of the serial 
data frame

Control Information Data
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Framing Control (Cont.)

l Need to determine the beginning of the 
frame

Start Frame

l Known format then provides separation 
of control and data
Start Control Information Data

Frame
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Some Examples of Framing 
Control

l Using the “flag” pattern of the data link protocols 

Flag FrameFlag Flag

l Using the Ethernet preamble/start pattern
Frame101010…1011 (Null)

l The Token  Ring start and stop indicators
Start EndFrame

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


Error Rates

l The physical lines have inherently 
different error properties.

l The average error rate: the fraction of 
bits delivered with errors; e.g.,one in 105 

for telephone channels
» For lengthy transmissions, this error rate is 

often unsatisfactory
» It must be improved by higher level protocol 

mechanisms
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Error Rates (Cont.)

l Some media may have error rates as 
low as one in 1014

» May be adequate for many purposes; e.g., 
digitized images

» Still typically have higher level protocol 
recovery mechanisms

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


Switched Voice-Grade 
Telephone Channels

l Direct-dial analog telephone channels
» Dial-up modem use

l Normal voice line
» Limited to about 3000 Hz bandwidth

l The local loop is a two-wire circuit
» To the central office(exchange)
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Switched Voice-Grade 
Telephone Channels (Cont.)

Switched 
telephone 
networkModem Modem

Analog AnalogDigital Digital
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Switched Voice-Grade 
Telephone Channels (Cont.)

PSTN

PAD

Home PC
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Leased Voice-Grade 
Telephone Channels

l Leased (dedicated) analog telephone 
channels
» Sometimes called “conditioned” lines

l Often used for 19.2-kbit/s transmission
l Fixed monthly cost, independent of 

usage
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Leased Voice-Grade 
Telephone Channels (Cont.)

4-wire modem4-wire modem

Two one-way analog  circuits

Router

Router

PSTN

Modem

ModemModem
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Analog Communications 
Channels

l Voice-grade telephone channels  have a 
3kHz bandwidth
» 300 to 3300 Hz

l Data rate depends on BandWidth (BW)
» The bit/s data rate is usually two to three time 

the BW
» For example, 9600 bit/s over 3000 Hz (3 kHz)

l Data rate also depends on the signal-to-
noise ratio
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Digitized Voice Channels

l Digitized voice channels can also be 
used for digital data

l Analog voice signals are digitized

Time

Samples 8000 samples per second
56 kbit/s or 
64 kbit/s

Send digitized value of each sample

7 or 8 bits per sample
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Digitized Voice Channels 
(Cont.)

l Digitized samples are placed in a slot in 
each frame

001..0

Frame N Frame N+1

001..0

Slot no. 2
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Digitized Voice Channels 
(Cont.)

The frames for digitized voice have two 
different forms :
lT1 has 24 slots  per frame

» 24 slots at 56 kbit/s (or 64 kbit/s)
» A total of 1.544 Mbit/s

l“E1”
» 32 slots at 64 kbit/s
» 2.048 Mbit/s
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Digital Telephone Channels

l Digital (instead of analog) telephone 
communications channels are also 
available

» 56 or 64 kbit/s channels  (or a multiple)
» 1.544 Mbit/s (US, Canada, and Japan) or 

2.048Mbit/s (Europe) channels
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Digital Telephone Channels 
(Cont.)

l Instead of modem, Data Service Unit / 
Channel Service Unit (DSU/CSU) 
adapter devices are needed.
» The DSU adapts the digital signal (transmit 

and receive voltages and timing)
» The CSU normalizes voltage levels, 

provides maintenance  capabilities, and 
protects the public network.

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


Digital Telephone Channels 
(Cont.)

Computer ComputerDSU/CSU DSU/CSU

DSU/CSU DSU/CSU

Inter-central office/exchange links 
(high data rates)

Central office or exchange Central office or exchange
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Reason for Going Digital
l Computer data are inherently digital

» Adapt more easily to digital transmission
l Easier to multiplex

» Time Division Multiplexing (TDM)
l Easier to switch
l Better error rate

» Noise is not cumulative, since repeaters can reject 
most induced noise

Repeater
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Direction of Data Flow

l Simplex

l Half Duplex

l Duplex (or Full duplex)
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Synchronous /Asynchronous 
Transmission
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Asynchronous Timing

l Asynchronous means no predefined 
timing between characters

l The sending and receiving ends provide 
their own clocking

l The timing of asynchronous characters 
is

T

Character

Start bit

Next Character

Start bit
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Asynchronous Timing (Contd.)

l The receiver does not know when the 
next unit of data is coming 
» The term async frequently is used this way

X.25

PAD

Async
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