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Data vs. Signal
Analog vs. Digital

Analog Signals

= Simple Analog Signals
= Composite Analog Signals

Digital Signals



Data vs. Signal

Data - information formatted in human/machine readable form
« examples: voice, music, image, file

Signal - electric or electromagnetic representation of data

« transmission media work by conducting energy along a physical
path; thus, to be transmitted, data must be turned into energy in
the form of electro-magnetic signals

Transmission — communication of data through propagation and
processing of signals

Idea, Feeling, Knowledge

N Decoding

Channel or Communication Medium Receiver




Amplitude {volts)

Signal Representation *

Signal Representation — typically in 2D space, as a function of
time, space or frequency

 when horizontal axis is time, graph displays
the value of a signal at one particular point
in space as a function of time

« when horizontal axis is space, graph displays
the value of a signal at one particular point in
time as a function of space
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The time- and space- representation of a signal often resemble each other,
though the signal envelope in the space-representation is different (signal attenuates over distance).



Example [signalintime and space]

22 Propagation of Electromagnetic Wave - Microsoft Internet Explorer

File Edit Wiew Fawvarites Tools Help ,"
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Q Back ~ () |£| |EL| _l\l 7 ! Search ‘:‘/"\'/ Fawarites -@Media {‘;{ - E - _] j&
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or [ translate this message(and the strings in the simulation) into your local language ]

Wave Direction  |¥ | Periodizg)= (2.0 Reset
t(5)=37.99 Y
You are welcomed to check out EM circular polarized wave or polarizer + EM circular/linear polarized wave
This java applet shows how the electric field, the magnetic field and the wave vector inter-relate as the electromagnetic
wizwa mrmnanatac thenonk cnara v
ﬁj Applet ermwave started ® Internet

http://www.phy.ntnu.edu.tw/ntnujava/index.php?topic=35
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Analog vs. Digital
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Analog vs. Digital

Analog vs. Digital Data analog data — representation variable takes
on continuous values in some interval, e.g.
voice, temperature, etc.

« digital data - representation variable takes
on discrete (a finite & countable number of)
values in a given interval, e.g. text, digitized
images, etc.

Analog vs. Digital Signal - analog signal - signal that is continuous
in time and can assume an infinite number
of values in a given range (continuous in
time and value)

. discrete (digital) signal - signal that is
continuous in time and assumes only a
limited number of values (maintains a
constant level and then changes to another
constant level)

Time

a. Analog signal b. Digital signal



Both analog and digital data can be transmitted
using either analog or digital signals.

Analog Signals: Represent data with continuously
varying electromagnetic wave

Analog Data o=

(voice sound waves)

Telephone

Digital Data - Q
(hinary voltage pulses)

Modem

Analog Signal

Analog Signal
{modulated on
carrier frequency)

example: analog signaling of analog and digital data

... will talk more about this later ...

A © 3T
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Periodic vs. Aperiodic - periodic signal - completes a pattern within
Signals some measurable time frame, called a period
(T), and then repeats that pattern over sub-

sequent identical periods

dTeR s.t. s(t+T)=s(t), Vte <- oo,+oo>

= T - smallest value that satisfies the equation
= T is (typically) expressed in seconds

« aperiodic signal - changes without exhibiting
a pattern that repeats over time

;

Time
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+
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Amplitud
>
1 1

period = T = 1if

periodic digital signal

periodic analog signal



Data vs. Signal
Analog vs. Digital

Analog Signals

= Simple Analog Signals
= Composite Analog Signals

Digital Signals
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2 Principles Of Multimedia - Google Books - Microsoft Internet Explorer

File Edit Yiew Fawaorites Tools  Help 4'
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- Two or more sinusoidal waves can produce a composite wave

2.3.4 Simple Harmonic Motion (SHM)

Sinusoidal waves are not mathematical abstractions, they can be produced in the real
world by a phenomenon called Simple Harmonic Motion (SHM). An SHM is a specific
type of oscillation exhibired by the spring loaded weight in Fig, 2.7, Assume that point P
is rotating along a circle with uniform speed. A spring loaded weight 1F1s attached to the
point Pwith a flexible string T. As P moves along the circle in the anti-clockwise direction,
the weight I attached to P osallates up and down in synchronism. Ifa penis attached to
the backside of Wwhich marks on a paper moving slowly to the fght to represent the
flow of time, the pen would trace out a sinusoidal curve. If @is the angular frequency of
the point Pin radian/sec, then the frequency of the generated wave is given by:

f=w/2r
where [ is in cycles/sec, This is apparent from Fig, 2.7, because as a complere cycle is
traced our by the weight 7, the point P moves by 21T radians, L.e. 2 complete circle. In
1 second since feycles are traced out, the points moves a total of 27 fradians, which by
definition is the angular frequency @

Movement of paper

e

o)

- Simple Harmonic Maotion {(SHM)

L

i€

@ Done #® Internet
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Analog Signals

Classification of
Analog Signals

(1) Simple Analog Signal - cannot be decomposed
into simpler signals

» sinewave — most fundamental form of periodic analog
signal — mathematically described with 3 parameters

s(t)=A-sin(2xft + @)
(1.1) peak amplitude (A) — absolute value of signal’s
highest intensity — unit: volts [V]

(1.2) frequency (f) — number of periods in one second
— unit: hertz [Hz] = [1/s] - inverse of period (T)!

(1.3) phase (@) — absolute position of the waveform
relative to an arbitrary origin — unit: degrees [°]
or radians [rad]

0[s] 1[s]

(2) Composite Analog Signal - composed of
multiple sinewaves



Simple Analog Signals
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Phase in Simple — measured in degrees or radians

Analog Signals

Amplitude
A

>
U Time

¢ = 0° or 360°

e 360° = 21t rad
1° = 27/360 rad

Amplitude

r
5V7

\
Nl
|
+‘ Time
|- —

1/4 cycle

1 rad = (360/2x)° = 57.29578°

phase shift of 360° = shift of 1 complete period
phase shift of 180° = shift of 1/2 period

phase shift of 90° = shift of 1/4 period

Amplitude
A

:"‘
1 \
1 -

J Time
|—

1/2 cycle

http://hermes.eee.nott.ac.uk/teaching/cal/h61sig/sig0001.html




Example [ period and frequency ]

Equivalent Equivalent
seconds (s) 1s hertz (Hz) 1Hz
milliseconds (ms) 10-3s kilohertz (KHz) 103 Hz
microseconds (us) 10-6s megahertz (MHz) 106 Hz
nanoseconds (ns) 10-%s gigahertz (GHz) 10° Hz
picoseconds (ps) 10-12s terahertz (THz) 1012 Hz

units of period and respective frequency

(a) Express a period of 100 ms in microseconds.
100 ms =100 x 10-3s =100 x 103 x 106 us =105 ps

(b) Express the corresponding frequency in kilohertz.

100 ms =100 x103s=10"1s
f=110"Hz=10 x 103 KHz =102 KHz
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Frequency in Simple - rate of signal change with respect to time
Analog Signals

» change in a short span of time = high freq.
« change over a long span of time = low freq.

« signal does not change at all = zero freq.
?7?

« signal changes instantaneously = « freq.
27

Amplitude

A=10 f=8 ¢=0
A

s(f) = 10 sin (2n8¢+ 0) Amplitude
10 A

A=5 f=4 $=0
s(8) = 5 sin (2rdr+ Q)

) A A N
Time U \/}S U U e

Time Domain Plot — specifies signal amplitude at each instant of time

o does NOT express explicitly signal’s phase and frequency

Frequency Domain Plot — specifies peak amplitude with respect to freq.
e phase CANNOT be shown in the frequency domain
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hannanann .t
A AYAYA

b. A signal with frequency 8

Time Frequency
domain domain
A
5 5
B 1 | Time O Frequency

Analog signals are best represented in the frequency domain. I



Example [time vs. frequency domain ]

<23 Sinusoidal Waveforms - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help

</ \ﬂ @ ;j /_\J Search ;:':(Favorites @Media e}

'

- B-UJ38

Address é:l http:/fhermes.eee.nott. ac.ukfteaching)'calfhé 1 sigsigoooz. html

Time Domain

T
.04 Time (s)

Frequency
400

300
200
100

Fraguency Domain

T 1
350 400
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T T T T T
100 180 200 250 300

L Go

Representing Signals

Time Domain and Frequency Domain
Objective:

To illustrate the Frequency Domain
representation of a single sinusoid.

Links | @ ~

Initially, this page shows a time domain
representation of a 50Hz cosine waveform
{top graph). The vertical axis could be
voltage ar current.

The bottom graph shows an alternative
representation. The horizontal axis shows
the frequency of the cosine wave, whilst the
vertical axis is proportional to the maximum
amplitude of the wave. (For the purposes of
the explanations here, we can assume a
linear vertical axis directly proportional to the
maximum amplitude). The red ling indicates
the single frequency corresponding to the
waveform in the top graph.

lUse the slider on the diagram to investigats
howy the representations change as the
freguency of the cosine wave changes.

I@ Applet Fourier started

0 Inkernet

http://hermes.eee.nott.ac.uk/teaching/cal/h61sig/sig0002.html




Composite Analog Signals a

Fourier Analysis — any composite signal can be represented as a
combination of simple sine waves with different
frequencies, phases and amplitudes

s(t)= A,sin(2nft+ @,)+ Asin(2af,t+ ¢, ) +...

« periodic composite signal (period=T, freq. = f,=1/T)
can be represented as a sum of simple sines and/or
cosines known as Fourier series:

s(t) = % +" [A,cos(2nnfyt)+ B, sin(2anf,t)]
n=1

ol
With the aid of good table of integrals, — A, = ?JAS(t)COS(ZnnfOt)dt, n=0,1,2, ...
0

it is easy to determine the
frequency-domain nature of many signals.

]
B, =% [stsin@mnfytit, n=1,23, ...
0

- f, is referred to as ‘fundamental frequency’

= integer multiples of f, are referred to as harmonics
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Angular Frequency - aka radian frequency — number of 2r revolutions
during a single period of a given signal

wzz—ﬂ:ZTr-f
T

« simple multiple of ordinary frequency

Ao + i [AnCOS(n wot)+ anin(na)ot)]

W=757+2

T

A = %js(t)cos(n w,t)dt, n=0,1,2,...
0

.
— B, = %Is(t)sin(na)ot)dt, n=1,2,...
0
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Example [ periodic square wave ]

A
A

i 2T 3T Time

s(t)= ﬂ sin(2xft) + ﬁ sin(2x(3f)t)+ ﬂ sin(2n(5f)t)+...
| 31T 5t

Time

three harmonics adding three harmonics

With three harmonics we get an approximation of a square wave.
To get the actual square, all harmonics up to « should be added.

http://www.nst.ing.tu-bs.de/schaukasten/fourier/en idx.html

http://www.phy.ntnhu.edu.tw/java/sound/sound.html




Example [composite analog signal ]

<23 Sinusoidal Waveforms - Microsoft Internet Explorer

File Edit Wew Favorites Tools  Help

@Back - \_) \ﬂ @ _;j /_\J Search \‘}'/'1'\'( Favarites @Media e}

e B-U8

Address @ http:/hermes eee.nott. ac, ukfteachingfcalihe 15ig/sigd009 . Rkrnl

Time Domain

D /‘\ /\ ﬂ
091 .02 n0pa .04 Time (g}
1.0]
Fregquency Domain
14
D T T T T T T T T T T T T T T T 1
] 100 200 300 400 a00 g00  FO0 800
Frequency (HZ)

Min frequency = 50Hz, Max frequency =50Hz, Bandwidth = OHz

1o 11 1 1

Filtering Signals

Bandwidth

Objective:

To illustrate bandwidth, and to explain the
terms lowpass and bandpass.

Steps:

Initially, this page shows § terms from the
sinewave summation representation of a
square wave (see here for details), and
includes an extra dc term. The graph also
shows the bandwidth of the signal.

The initial plot shows an ideal lowpass
filtering of the square wave, with a bandwidth
of 750Hz. If the dc term is removed (press
button '0"), then the bandwidth is now 700Hz
- but the graphs show the result of a
bandpass filter.

Try pressing the other buttons to observe the
effect of including or removing the various
frequencies. (1=50Hz, 3=3"50Hz=150Hz
etc ) Note the bandwidth of your selections.
In particular, look at the effect on the square
wave of removing the fundamental frequency
{"1'=50Hz). Observe that if only one
frequency is chosen itry '1Y, the bandwidth is
7ero.

[i=]

] applet fourier started

0 Internet

3
o

"

v Go Links * @'

http://hermes.eee.nott.ac.uk/teaching/cal/h61sig/sig0009.html
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Frequency Spectrum — range (set) of frequencies that signal contains

of

Signal

Absolute Bandwidth — width of signal spectrum: B = fhighest = Flowest

of

Signal

Effective Bandwidth — range of frequencies where signal contains most
of its power/energy

of

Signal

square wave

3ar

Time

3-harmonic representation

Y

3f 5fF &t 9f 11F 1371 nf

a. Frequency spectrum of a square wave

£

3f 5fF

b. Frequency spectrum of an approximation with only three harmonics
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Example [frequency spectrum and bandwidth of analog signal ]

A periodic signal is composed of five sinewaves with frequencies of 100,
300, 500, 700 and 900 Hz.

What is the bandwidth of this signal?

Draw the frequency spectrum, assuming all components have a max
amplitude of 10V.

Solution:

lowest

B= fhighest - f =900 -100 =800 Hz
The spectrum has only five spikes, at 100, 300, 500, 700, and 900.

Amplitude
A

e ‘ ‘ ‘ ‘ ‘
90 e

100 300 500 700 0 Frequency
‘ Bandwidth = 900 — 100 = 800 Hz ‘
< >
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Example [frequency spectrum of a data pulse ]

¥ et 2A7T S'”(Tm/r)‘ sin(r-f-7)| __|sin(x)
5 Nt :
!HHHH N
\J envelope of frequency spectrum
T 0 T i i »¥ g

fo 32‘0 51‘0 72‘0 Freq

periodic signal = discrete freq. spectrum

AL

0 T

What happens if 1t —0 ???
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Composite Signals and — no transmission medium is perfect — each

Transmission Medium medium passes some frequencies and
blocks or weakens others

o composite signal sent at one end of transmiss.
medium (comm. channel), may not be received
in the same form at the other end

e passing a square wave through any medium
will always deform the signal !!!

Bandwidith = 5000 - 1000 = 4000 Hz

I I @ Transmission medium > (\ur\u >

Input signal communication channel Output signal

Channel Bandwidth - range of frequencies passed by the channel —
difference between highest and lowest frequency
that channel can satisfactorily pass



Data vs. Signal
Analog vs. Digital

Analog Signals

= Simple Analog Signals
= Composite Analog Signals

Digital Signals
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Digital Signals

Digital Signals — sequence of voltage pulses (DC levels) — each pulse
represents a signal element

o binary data are transmitted using only 2 types of signal
elements ( 1 = positive voltage, 0 = negative voltage )
o key digital-signals terms:

= bit interval — time required to send a single bit, unit: [sec]
= bit rate — number of bit intervals per second — unit: [bps]

Amplitude
J 1 s = 8 bit intervals
A Bit rate = 8 bps .

1.0, 1 ., 1 , 0 ., 0 .0 , 1

Most digital signals are aperiodic,

Time

so it is not appropriate / correct to talk about their period.
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Digital Signal as a — digital signal, with all its sudden changes,

Composite Analog Signal is actually a composite signal having an
infinite number of frequencies

10~

o a diqgital signal is a composite signal
with an infinite bandwidth

| l l » if a medium has a wide bandwidth, a

(apsinot) » Do L slz($50 digital signal can be sent through it

= some frequencies will be weakened or
blocked; still, enough frequencies will be
passed to preserve a decent signal shape

_ | . ' - what is the minimum required bandwidth
(0 sinnfi) + Lsinl2m (3] + Lsin2m S50 + §sin2m O B [Hz] of a band-limited medium if we
want to send n [bps]?

0.0 0.5 1.0 15 20T
(c) X(1/k) sin[27(kf1)t]

FIGURE 4.6 Frequency Components of a Square Wave (7= 1/f,).
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Example [approximation of digital signal’s spectrum using 1st harmonic ]

Assume our computer generates 6 bps.
Possibilities (periodic combinations) : 000000, 111111, 110011, 101010 etc.

1. Best case: min # of changes = min freq. of substitute analog signal

Digital Analog
Amplitude Amplitude

2. Worst case — max # of changes = max freq. of substitute analog signal

‘ 1 0 1 0 1 0 jk1 0 1 0 1 0 / bit rate: n=6[bps]
S G S i laei fami | frequency: B = 3 [HZ]

n

s /\ [\ e, B
ime I U V U Time 2




Exercise

. Before data can be transmitted, they must be transformed to

(a) periodic signals

(b) electromagnetic signals
(c) aperiodic signals

(d) low-frequency sinewaves

. In a frequency-domain plot, the vertical axis measures the
(a) peak amplitude

(b) frequency

(c) phase

(d) slope

. In a time-domain plot, the vertical axis measures the
(a) peak amplitude

(b) amplitude

(c) frequency

(d) time

. If the bandwidth of a signal is 5 KHz and the lowest frequency is 52 KHz, what
is the highest frequency
(a) 5 KHz

(b) 10 KHz

(c) 47 KHz

(d) 57 KHz

30



Exercise o

5. If one of the components of a signal has a frequency of zero, the average
amplitude of the signal
(a) is greater than zero
(b) is less than zero
(c) is zero
(d) (a) or (b)

6. Give two sinewaves A and B, if the frequency of A is twice that of B, then the
period of B is that of A.
(a) one-half
(b) twice
(c) the same as
(d) indeterminate from

7. A device is sending out data at the rate of 1000 bps.
(a) How long does it take to send out 10 bits?
(b) How long does it take to send out a single character (8 bits)?
(c) How long does it take to send a file of 100,000 characters?



