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Chapter 3: Data and Signals
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Learning Objectives

+ After studying this chapter, you should be able
to:
Distinguish between digital and analog information sources.

Explain the various ways in which audio, data, image, and
video can be represented by electromagnetic signals.

Discuss the characteristics of analog and digital waveforms.

Discuss the various transmission impairments that affect
signal quality and information transfer over communication
media.

|dentify the factors that affect channel capacity.
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Physical Layer

} One of the majorfunctions of the physical layer is to

movedata in the form of electromagnetisignalsacross
atransmission medium

} Whether you arecollecting numerical statistics from
another computersending animated pictures from a
design workstatiopor causing a bell to ring at a distant
control center

You are working with theransmission oflata across network
connections
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Physical Layer (cont 6d)

} Generally, thedata usable to a person or applicatiame
not in a form that can be transmitted over a network .

For example, a photograph must fits¢ changed to a form
that transmission media can accept

Transmission media work lgonducting energy along a
physical path

For transmissiorgata needs to be changed tsignals

Note | To be transmitted, data must be
transformed to electromagnetic signals.
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Data and Signals

} Information stored within computer systems and transferred
over a computer network can be divided into two categories:
data andsignals.

1 Common examples of data include:

A computer fileof names and addresses stored on a hard disk
drive

The bits or individual elements of a mowéored on a DVD
Thebinaryl s and O s of musistored on a CD or inside an
IPod

The dots (pixels) of a photograpthat has been digitized by a
digital camera and stored on a memory stick

The digitsO through 9, which might represent some kind of
sales figures for a business



Signals

} Signals are the electric or electromagnetic impulses used
to encode and transmit data.
} Common examples of signals include:

A transmission of a telephone conversation over a
telephone line

A live TV news interview from Europe transmitted over a
satellite system

A transmission of a term paper over the printer cable
between a computer and a printer

The downloading of aWeb page as it is transferred over
the cable between your Internet service provider and
your home computer
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Analog vs. digital

} Analog data andanalog signals are represented as
continuous waveforms that can be at an infinite number
of points between some given minimum and maximum in
form of voltages. Figure shows that between the minimun
valueAand maximum value B, the waveform at tibean
be at an infinite number of places.
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ANALOG AND DIGITAL

} Digital signal can has only amited number of defined
values

Although each value can be any number, it is often as simple a
1 andO.
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Periodic and Nonperiodic

} Both analog and digital signal can be periodic or non periodic.

» A periodic signal completes a pattern within a measurable

time frame called period and repeats the pattern over
subsequent identical period.

» Mathematically, a signal s(t) is defined to be periodic if and
only if

s(t+T)=s(t) —oo<t<oo
where the constant T is the period of the signal. Otherwise, a
signal is aperiodic or non-periodic.
» Completion a full pattern is called a cycle.

» In data communications, we commonly use periodic analog
signals and non-periodic digital signals.



PERIODIC ANALOG SIGNALS

+ Periodic analog signals can be classified as simple or
composite.

} A simple periodic analog signakiae wave, cannot be
decomposed into simpler signals.
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(b) Square wave

} A simple periodic digital signalsquare wave.

} A compasite periodic - analog signal is.composed of
multiple sine waves.

} The sine wave Is the most fundamental form of a periodic
analog signal.

} A sine wave can be represented by three parameters:
peak amplitude ( A),frequency ( f) andphase (7).
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PERIODIC ANALOG SIGNALS

AThe power in your house -

canberepresentethy asine -

wave
Avith a peak amplitude
of 200to 240V
Arequencyb0 Hz
A-requency and period
are the inverse of each
other, so T =1/50=0.02
Ss. Our eyes are not
sensitive enough to
distinguish these rapid
changesn amplitude
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A-requencyis the rate of change
with respectto time. Changein a
short span of time means high
frequency Change over a long
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Frequency and phase

Alf a signal does not change at all,fisquency is zero
Alf a signal changes instantaneouslyfriéggiuency is infinite.
APhase describes the position of the waveform relative to time O.

Figure 3.6 Three sine waves with the same amplitude and frequency, but different phases
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Phase ( cont O0d)

} Example:

A sine wave Is offsetl/6 cycle with respect to time
0.What is its phase in degrees and radians?

} Solution :
We know that 1 complete cycle is 360°. Therefore,
1/6 cycleis
90 6°0
1
6
3 B\0
270
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Wavelength

+ Wavelength Is another characteristic of a signal
traveling through a transmission medium

Wavelength is thelistance a simple signal caravel in one
period.

In data communications, we often use wavelength to describe the
transmission of light in an optical fiber

Wavelength(<) depends on both th@eriod (T) or the
frequency(f) and thepropagation spee@) of the medium

A4

o>=SI T =S/t
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Wavelength (cont 8d)
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Wavelength (cont 8d)

} The propagation speed &Msignals depends on the
medium andn the frequency of the signal.

} Ex,in a vacuum, light is propagated wits@eed of3
x 13 m/s.That speed is lower in air and even lower
In cable

» Thewavelength of red lightf & 4 x 10'4) in air is

8
)}L=.:_:=3i*:u::11]4

7 = 0.75 X 10%m = 0.75 jLm
4x%10
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Time and Frequency Domains

A sine wavels comprehensively defined by its
amplitude frequencyandphase

Thetime-domain plot showschanges in signal
amplitude with respect to time

It is anamplitudeversustime plot

Thefrequency-domain plot is concerned withnly the
peak value of amplitude and the frequency

Changes of amplitude during one period are not showr

Its advantage is that we cammediately see the values o
the frequency and peak amplitude
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Time and Frequency Domains (cont’d)

Amplitude A 1 second: Frequency: 6 Hz
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a. A sine wave in the time domain (peak value: 5 V, frequency: 6 Hz)
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b. The same sine wave in the frequency domain (peak value: 5 V, frequency: 6 Hz)

Figure 3.8 The time-domain and frequency-domain plots of a sine wave
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Time and Frequency Domains (cont 6d

+ A complete sine wave Iin the time domain can be
represented by one single spike in the frequency
domain .

} Example 3.7

Figure 3.9 The time domain and frequency domain of three sine waves
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b. Frequency-domain representation of
the same three signals

a. Time-domain representation of three sine waves
with frequencies 0, 8, and 16
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Time and Frequency Domains (cont’d)
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b. A signal with frequency 8
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