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Transmission Fundamentals

Learning Objectives
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@ Familiarize with signals and systems

® Understand the Fourier transform and frequency
representation

©® Understand the structure and terminology of a digital
communication system



Transmission Fundamentals
Signals and Systems
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« Signal is simply any quantity that varies with time (e.g., electric voltage, velocity,
Digital (5) force, speech intensity).

Communications x(t)
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A system simply transforms a signal into another signal
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Transmission Fundamentals

Signal Categories

Mod . . o . . .
o Continuous/Analog signal - Varies continuously with time

e Discrete/Digital signal - Maintains a constant level over some
time duration and then switches into another level

o Periodic signal - lts pattern its repeated after a specific time
duration (signal period).

e Non-periodic signal — The opposite of periodic, i.e., its
pattern is not repeated.
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(1) Continuous x(1)
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Sine Wave Review - 1
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e We all know that the Sine of an angle is the opposite side
divided by the hypotenuse, i.e.

/ I Sine (a) = A/B

A

©
/\Angle a \ But what

happens if line B
k rotates about
Point P Point P?

o
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Sine Wave Review - 2
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Line B now
describes a circle
about Point P

AN
Point /‘ l

What happens if we shine a
P light from the left and
project the shadow of B
onto a screen?

.




Sine Wave Review - 3
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Sine Wave Review - 4
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As line “B” rotates about the
apn center point, P, the projected
End of ‘B end of “B” oscillates up and
down on the screen. What
happens if we move the
screen to the right and
‘remember’ where the
projected end of “B” was?

Screen on
the right . I
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projected onto
the screen




Sine Wave Review - 5
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Sine Wave Review - 6
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Remember:Sine 0 = 0; Sine 90 = 1; Sine 180 = 0; Sine 270 = -1;
Sine 360 = Sine 0 = 0




Sine and Cosine Waves — 1
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e Sine Wave = Cosine Wave shifted by 90 degrees

ec shire
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0°) 90° 180° 2709 0=360% 90° 180°

Cosine
Wave




Sine and Cosine Waves — 2
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Communications e There is a useful java applet that will show you a sine wave
S derived from circular motion (simple harmonic motion)
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Amplitude Modulation
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Sine and Cosine Waves — 3
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Sine and Cosine Waves - 4
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“Cosine be considered to be
Wave at right angles, i.e.
1 Sine Wave oﬁhogonal, to each
ot

i

¢ Sine and Cosine waves can therefore be considered to be at
right angles, i.e. orthogonal, to each other



Sine and Cosine Waves — 6
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e Any wave that is periodic (i.e. it repeats itself exactly over
succeeding intervals) can be resolved into a number of simple
sine waves, each with its own frequency

Amplitude Modulation

e This analysis of complex waveforms is part of the Fourier
Theorem

¢ You can build up a complex waveform with harmonics of the
fundamental frequency



Example

Modern
Communications

3 nire
Digital @

Communications




Example

Modern
Communications
David dwi

University
dfordshire

Digital @
Y Amplitude

Communications
14

15
View into Frequency | X Time

Domain 3
; \ 2
i

o3l T T

0 2 4

Frequency

/

Z
Frequency ﬂ
View into Time Domain




Harmonics — 1
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A harmonic is a multiple of a fundamental frequency. In the

figure below, a fundamental frequency of 100 Hz is shown
with 31 harmonics (total of 32 “lines”).
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Harmonics — 2
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o e In this example, 20 harmonics are mixed together to form a

saw-tooth waveform
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Fourier series expansion
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e For periodic signal we use the Fourier series expansion as a
David Goodwin N . .
University of simple way of frequency representation of such signals

Bedfordshire

- e The Fourier series expansion of a general periodic signal x(t)
igital 4 . o o
Communications with period T is defined as

Amplitude Modulation

o Trigonometric expansion

Zt) = Z an cos (2mn fot) + by sin (27n fot)]
* where

1 (T

ao :T/o z(t)dt
9 [T

an :v/ z(t) cos (2mn fot)dt
T Jo
9 (T

bn == / z(t) sin (27n fot)dt
T Jo
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Complex Plane-Complex Numbers

Modern ! N o .
Carmmmeziens Complex plane is a two dimensional representation of complex

David Goodwin numbers and complex signals. The general definition of a
of .
Bedfordshire complex Ijlumber 2N
° z=a+jb
gig“a' ot ® ais the real part and b the imaginary part of z, respectively
ommunications -~ B B . .
and j is a non-real constant such that j2 = —1 simply implies

Amplitude Modulation

a phase difference of 90 degrees

Imaginary axis (Im)

b z

Real axis (Re)

* An alternative and very common representation of complex
numbers is

o z=a+jb=rcosh+ jrsinf = rel?

o where cos@ + jsinf = e/?, r is the amplitude and 6 is the
phase of z

o r=1+a?+b% tanf = b/a, a =rcosf, b=rsind,



Complex exponential harmonic signal
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o x(t) = 727t = cos (2 ft) + j sin (27 f1)
e It is a very useful signal used for frequency domain analysis.
Its amplitude is equal to one whereas it rotates in the

complex plane in the counter-clockwise direction with an
angular frequency w = 27 f
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Transmission Fundamentals

Frequency domain analysis-Fourier Series

Modern . . . - * B
Communications e For periodic signal we use the Fourier series expansion as a

S S simpler way of frequency representation of such signals

SIS o The Fourier series expansion of a general periodic signal x(t)
Digital (25) with period T is defined as

Communications ) )
e Trigonometric expansion

Amplitude Modulation
oo
z(t) = ao + Z [an cos (2mn fot) + by, sin (27 fot)]
n=1
e Complex exponential expansion

oo
—j2 t
§ : cne? 7 fo

n=—00

Cn /T/2 7j27rnf0tdt
& T/2

o Generally, the Fourier series expansion is a simpler way of
representing periodic signals

e where




Frequency domain analysis-Fourier Trans-

form

Mod 5. On's 0
o o Definition of frequency content: Frequency content of a time

B Cesdin domain signal is the weighed superposition of all the complex
Bedfordshire exponential harmonic signals that accurately reconstruct the
Digital (2) initial time domain signal.
Communications . .
e The frequency content is defined through the well-known
Fourier transform F

Amplitude Modulation

o

Flz()] = X(f) = / w(t)e=I2mIot gt
—o0
e The original signal can be reconstructed by its Fourier
transform through the so-called Inverse Fourier transform F—!

o) = FAX() = [ x(ppermminta

o Generally, the Fourier transform is a complex valued function
having both amplitude and phase. In the above definitions,
the functions x(t) and X(f) are recognized as Fourier
transform pairs



Sine and Cosine Waves - 9
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e The signal may be thought of as a time varying voltage, V(t)

e The angle, 0, is made up of a time varying component, wt,
and a supplementary value, ¢, which may be fixed or varying

e Thus we have a signal
e V(t) = Acos (wt + ¢)



Sine and Cosine Waves - 10
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e Time varying signal
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Vary these to
Modulate

V(t) = A cos (ot + ¢) the signal

« Time varying signal

/ ‘ Phase: PM; PSK

Instantaneous
value of the | Frequency: FM; FSK
signal| | Amplitude: AM; ASK

Note: w=2n f



Back to our Sine Wave -1
Defining the Wavelength

Modern
Communications

Digital @

Communications

The wavelength

is usually defined

at the “zero
rossings”




Back to our Sine Wave - 2
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e One revolution = 360 degrees

¢ One revolution also completes one cycle (or wavelength) of
the wave.

e So the “phase” of the wave has moved from 0 degrees to 360
degrees (i.e. back to 0 degrees ) in one cycle.The faster the
phase changes, the shorter the time one cycle (one
wavelength) takes



Back to our Sine Wave — 3

Two useful equations
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The time taken to complete one cycle, or wavelength, is the
period, T.
o Frequency is the reciprocal of the period, that is
==
o\ f= T
Phase has changed by 6

df
The rate-of-change of the phase, e

, is the frequency, f.



Sine Wave — 4
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What do we mean “Rate-of-change of phase is frequency"”?

One revolution = 360 degrees = 27 radians = 1 cycle

St
Digital @

Communications

One revolution/s = 1 cycle/s = 1 Hz

Examples:

plitude Modulation

e 720 degrees/s = 2 revolutions/s = 2 Hz
e 18,000 degrees/s = 18,000/360 revs/s = 50 revs/s = 50 Hz
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Harmonic Motion

o

8 180
(o] =0 90° 270°  f360°

o Geometric derivation of simple harmonic motion. A point p
moves at constant speed on the circumference of a circle in
counter-clockwise motion. Its projection OC on the vertical
axis XQOY is shown at right as a function of the angle 6. The
function described is that of a sine wave.



Sine Wave Continued
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e Can think of a Sine Wave as a Carrier Signal, i.e. the signal
onto which the information is loaded for sending to the end
user

Digital @
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Amplitude Modulation

e A Carrier Signal is used as the basis for sending
electromagnetic signals between a transmitter and a receiver,
independently of the frequency




Carrier signals - 1

Modern
Communications

A Carrier Signal may be considered to travel at the speed of
light, c, whether it is in free space or in a metal wire

Digital @
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Travels more slowly in most substances

Amplitude Modulation
e The velocity, frequency, and wavelength of the carrier signal
are uniquely connected by

c=fA

e where:

e ¢ = velocity of light (m/s)
o f = frequency (1/s, Hz)
e )\ = wavelength (m)




Carrier signals - 2
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Example

S WAMU (National Public Radio) transmits at a carrier
frequency of 88.5 MHz

What is the wavelength of the carrier signal?

e Answer:
o c=(3x10%)m/s = fA = (88.5 x 10%) x (\)
e Which gives A = 3.3898 = 3.4 m

Remember: Make sure you are using the correct units




Transmission Fundamentals

Why Digital Communications?

Modern
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e Analog Transmission

e Each repeater attempts to restore analog signal to its original
form
o Restoration is imperfect

Digital
Communications

Amplitude Modulation

e Distortion is not completely eliminated
* Noise & interference is only partially removed

Signal quality decreases with number of repeaters
e Communications is distance-limited
Still used in analog cable TV systems

Transmission segment

[ - (Rt ]| o]




Transmission Fundamentals

Why Digital Communications?

Modern
Communications

e Digital Transmission

¢ Regenerator recovers original data sequence and retransmits
on next segment

e Then each regeneration is like transmitting for first time!

e Communications is possible over very long distances

¢ Digital systems vs. analog systems

Digital @

Communications

Amplitude Modulation

® Less power, longer distances, lower system cost
e Monitoring, multiplexing, coding, encryption, protocols. . .

Transmission segment




Transmission Fundamentals

Why Digital Communications?

Mod o a 0
o e Analog transmission: all details must be reproduced

accurately

Bedfordshire

Digital . .
Communications Distortion .
Sent Attenuation Received

Y

e Analog transmission: all details must be reproduced
accurately

Sent Distortion Received
Attenuation
®
(20) e Simpler Receiver: Was original pulse positive or negative?
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Structure of a Digital Communication System

Inf. x0) source |"”| Channel %] Digital u(t)
Source Coding Coding Modulation —‘
L Digital Channel Source Destination
v |Demod.| , 4 Decod. Decod.

e In a digital communication system the message produced by

Vest(t)

X esl(t)

the source is converted into a digital signal, i.e., a sequence
of binary digits.
e Source coding, channel coding and digital modulation are
carried out at the transmitter’s side

e Digital demodulation, channel decoding and source decoding

are carried out at the receiver's side
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Information Source
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SUIRCEE G e The information source produces
the message, i.e., the information,

Communications ) that is to be transmitted x(t)
e The output of the source can be

either analog or digital data

Bedfordshire
Digital

Amplitude Modulation

e Examples of messages can be the following

Earthquake wave: 0.01 10 Hz
Nuclear explosion signal: 0.01 10 Hz
Electrocardiogram (ECG): 0 100 Hz
Wind noise: 100 1000 Hz

Speech: 100 4000 Hz (4 KHz)
Audio: 20 20000 Hz (20 KHz)
NTSC TV: 6 MHz

HDTV: > 10 MHz




Transmission Fundamentals

Source Coding

Modern
Communications ° Source Cod|ng aISO Ca”ed data

compression is a process in which
the output of the information

Qg e (:2) source is converted into a digital X0 "
i (Yt signal, i.e., a sequence of binary '
digits
e The sequence of binary digits is
called information sequence

v(t)




Transmission Fundamentals
Channel Coding
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e Channel coding is a process that
adds redundancy (e.g, parity bits,
repetition codes, etc.) in the
information sequence to make the vty w(t)
information more tollerant against i
channel impairments such as
additive noise, interferences and so
on

e For example, a trivial channel coding scheme is each binary
digit of the information sequence to be repeated several times

Amplitude Modulation




Transmission Fundamentals
Digital Modulation
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SEGSEEAIE ¢ Digital modulation acts as the
Digita (44) interface between the digital
Communications T ..

section of the transmission system

and the transmission medium
. . ) : w(t) u(t)
(twisted pair, coaxial cable, radio l

channel and so on)

Amplitude Modulation

e |t maps the binary information
sequence into electrical signals

e When two signals are used to transmit the two digits (one for
0, one for 1), this is called binary modulation

o When M = 2° signals are used to transmitt b coded digits (a
sequence of 0's and 1's), this is called M-ary modulation



Transmission Fundamentals

Transmission Channel

Modern

Commenicstions e The transmission channel is the
David Goodwin . .
University of medium that sends the signal from

Bedfordshire ~ .
the transmitter to the receiver

e u(t) y(t)
Coonmi @ e In the following, we see the main I

Communications
Amplitude Modulation categories of channels transmitting
electrical signals

e Wireless Electromagnetic e EHF (30 300GHz,
Channel experimental com)
e LF (30 300KHz, e Infrared (no frequency
Navigation) allocation)
« MF/HF (300 3000KHz, _ _
AM/SW radio) e Wired Media
S EEE00GMbz, TV « Twisted pair (0 10MHz)
& FM radio)

Coaxial cable
e UHF (0.3 3GHz, TV, ©
mobile phone) (100K 500MHz)

« SHF (3 30GHz, o Optical fiber
catellite microwave) (180 370THz)



Transmission Fundamentals

Transmission Channel: Electromagnetic Spectrum
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Frequency
Mertz) 10> 100 10* 105 10° 107 10®  10° 10 10! 102 10V

104 1018
Digital ELF | VF [ VLF [ LF [ MF [ HF | VHF ]| UHF | SHF | EHF I
igita 1 T
=i T T T T T T T
Communications Power and telephone Radio Microwave Infrared i
Rotating generators Radios and televisions Radar Lasers light
plitude Modulation Musical instruments Electronic tubes Microwave antennas | Guided missiles
Voice mi circuits
Cellular Telephony
Twisted Pai [——>
lOptical
r Fiber
Coaxial Cable
AM Radio FM Radio| Terrestrial
and TV | and Satellite
Transmission
| | | | | | | L1 | | |

Wavelength 506 305 30 103 102 100 10° 10! 102 10° 10¢ 10° 10

in space

(meters)
xtremely low frequency ~ MF = Medium frequency  UHF = Ultrahigh frequency
oice frequency HF =High SHF high fi
ery low frequency VHE = Very high freq EHF ly high freq

Low frequency
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Transmission Channel: Mathematical Models
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e The additive noise channel

o
Digital @

(?ommunications : ° y(t) e u(t) + n(t) j/

e nt)
e The linear filter channel u(t) v
o y(t) = ffooo u(T)e(t — 7)dr + n(t) - %

n(t)

e The linear time variant filter

channel W)
o y(t) = [ u(r)e(r,t—7)dT+n(t)

- n(y



Transmission Fundamentals
Digital Demodulation
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e Digital demodulation transforms
the transmitted signal into a

sequence of binary digits that Y(L-_Wesr(f)
represents estimates od the

transmitted binary symbols
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Channel Decoding
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e Channel decoding attempts to
reconstruct the original information

sequence according to knowledge West-_Vest(f)
of the code used through the

channel coding process



Transmission Fundamentals

Source Decoding
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e Source decoding attempts to
reconstruct the original signal from

the source according to knowledge vssz(t)lxest(t)
of the code used through the

source coding process



Key Design Issues - 1
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. S/N
Commurications ¢ Signal-to-Noise Ratio (Analog)
Ninfeifianelz tetli ke ® Need to be above user's threshold for Required QoS
« /N
o Carrier-to-Noise Ratio (Analog and Digital)

¢ Need to be above demodulation threshold for useful transfer
of information

e BER
o Bit Error Rate (Sometimes Bit Error Ratio) — S/N

® Need to satisfy the Performance and Availability
Specifications




Signal-to-Noise Ratio - 1
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NGB LA e Signal-to-Noise, written as S/N, is mainly used for Analog
Systems
e S/N is specified at the Baseband of the Information Channel
e Baseband is a range of frequencies close to zero
o Information is what is sent to the user and the channel over

which it is sent is the Information Channel



Digression
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Amplitude Modulation

o M = meters written as m
e K = kilograms written as kg
e S = seconds written as s

e Hence

o the velocity of light is in m/s
e The wavelength is in m
e And the frequency is in Hz = hertz




Carrier signals - 3

Modern
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e A Carrier Signal can

e carry just one channel of information (this is often called
Digital (5:) Single Channel Per Carrier = SCPC)

e e e Or carry many channels of information at the same time,
usually through a Multiplexer

Single [ o
Channel Tx SCPC

— i Multi- . Multiplexed
Multiplexer chanmal Tx Carrior
carrier

® Note: The modulator has been omitted in these drawings



Decibel (dB) Notation - 1
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o Historically the Bel, named after Alexander Graham Bell, is a

Amplitude Modulation Unlt Of sound

o |t was developed as a ratio measure: i.e., it compares the
various sound levels

e The Bel was found to be too large a value and so a tenth of a
Bel was used, i.e., the decibel

e A decibel, or 1 dB, was found to be the minimum change in
sound level a human ear could detect




Decibel (dB) Notation - 1
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e How do you get a dB value?

Amplitude Modulation

e Answer

Take the logyig value and multiply it by 10

Example

One number is 7 times larger than another. The dB difference
=10 % log197 = 10 x 0.8451 = 8.5dB

NOTE: Never quote a dB number to more than one place of
decimals



Decibel (dB) Notation - 2
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Some things to remember

Amplitude Modulation

A dB value is always 10 logyg ; it is never, ever, 20 logig ,
however . ..

10log10(z)® = 10 X a X logio(x)
e.g. 10logio(x)? = 10 x 2 x logio(z) = 20logio(x)

The dB ratio may be referenced to a given level, for example

e 1 W (unit would be dBW)
e 1 mW (unit would be dBmW)




Decibel (dB) Notation - 3
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Communications

e An amplifier increases power by a ratio of 17:1, what is the
dB gain?

e Answer
e 10 logip 17 = 12.3 dB
e Question

Amplitude Modulation

e The amplifier is fed with 1W, how many watts are output?
e Answer
e 17 Watts which is equivalent to 12.3 dBW



Decibel (dB) Notation - 4
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e Examples of dB notations of power, etc.

425 W — 26.3 dBW

425 W = 425,000 mW —56.3 dBm

0.3 W — -5.2 dBW

0.3W = 300 mW — 24.8 dBm

24,500 K — 43.9 dBK

-273 K — Error — you cannot take a logarithm of a negative
number



Decibel - Examples

Signal Levels of Common

Sounds

0dB

Lowest level for hearing

10 dB

Sound of crumpling paper

20 dB

Sound of a whisper

65 dB

Sound of normal conversation

110 dB

Sound of a tractor trailer

120 dB

Sound that causes pain




Signal-to-Noise Ratio
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e What S/N value gives a good reception?

o Telephone and TV channels require a minimum of 50 dB
¢ 50 dB — ratio of 100,000
e |E:the Signal power is 100,000 > the Noise power

¢ Analog signals have “graceful degradation” characteristics



Signal-to-Noise Ratio - 3
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(['.)Lﬂt::unications Analog Rece ption

Good

Marginal

Bad

100 80 60 40 0
Percentage Time above Threshold




Signal-to-Noise Ratio - 4
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Dt e The S/N is what the user perceives, but it is usually
Communications measured at the demodulator output

Amplitude Modulation

Received
sl ' Demodulator é)/t;\}put

e The C/N at the demodulator input will determine the output
S/N



Carrier-to-Noise Ratio
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AL e Carrier-to-Noise, written as C/N, is used for both Analog and
Digital Systems

e The Carrier signal has information from the sender impressed
upon it, through modulation. The carrier, plus the modulated
information, will pass through the wideband portion of
transmitter and receiver, and also over the transmission path



Carrier-to-Noise Ratio - 2
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- --—-=Wideband (passband) signal with modulation
— = Baseband signal with raw information

Digital @
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| Transmitter |— -— -»| Receiver |
’ 1

1 1

:RF :RF

1 1

: IF : IF
Information ) ' Information
to be sent —-| Modulator | | Demodulator }—— received

e The C/N at the input to the demodulator is the key design
point in any communications system




Carrier-to-Noise Ratio - 3
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Digital

Communications Input Useful
——— ,|Demodulator
C/N output?
%N | Conservative design

Can use these
C/N levels with
Coding, etc.




Carrier-to-Noise Ratio - 4
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e Useful design reference for uncoded QPSK

e oy ° BER = 1076 at 10.6 dB input C/N to Demodulator

Communications

BER?
>

BER 10.6 dB
103 — - S — BER Voice Maximum
104 (— i
10% 5
100 b oo BER Data Maximum
107 i

8| i
10 i Goal is

Ly | | 10-10

0 10 20 30 C/N
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AapffEn (e e BER means Bit Error Rate, however some people refer to it
as the Bit Error Ratio (i.e. the ratio of bad to good bits)

e Strictly speaking, it is the Probability that a single Bit Error

will occur

e BER is usually given as a power exponent, e.g. 106, which
means one error in 106 bits
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e A BER of 107% means on the order of one error in a page of
a FAX message

Amplitude Modulation

e To improve BER, channel coding is used
e FEC codes

o |nterleaved codes

o Communications systems are specified in many ways, but the
two most common are performance and availability
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e Performance

Amplitude Modulation

¢ Generally specified as a BER to be maintained for a very high
percentage of the time (usually set between 98% and 99% of
the time)

o Availability

o Generally specified as a minimum BER below which no
information can be transmitted successfully - i.e. an outage
occurs
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Communications e What causes the change in BER?

st edlitor e Since BER is determined by C/N, change in BER is caused
either by

e Changes in C (i.e. carrier power level)

e Antenna loses track
e Attenuation of signal

e Changes in N (i.e. noise power level)

¢ Interference (see next slide)
e Enhanced noise input



Modern
Communications

[DEY
Bedfc
Digital @ Attenuation,

SompLicetons dB 99.999% = 0.001% outage is a
20 [— |typical single-hop specification 19 6B

16 [~ |99.99% = 0.01% outage is a
typical high availability spec.

12 —
99.7% = 0.03% outage
8 |— |isa typical VSAT spec.
----------------- ~6dB
4
---------------------- ~3dB
0 1 1 J
100 10 1 0.1 0.01 0.001

Percentage of the Time
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Amplitude Modulation

Exceeds Availability Spec.

1 0.1 0.01
Percentage of the Time
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Amplitude Modulation With Coding

Without Coding

] ] | |
100 10 1 0.1 0.01 0.001
Percentage of the Time
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What is Amplitude Modulation?

Modern
Communications

Digital

Communications

Amplitude Modulation@

Amplitude modulation is the process of changing the
amplitude of a relatively high frequency carrier signal in
proportion with the instantaneous value of the modulating
signal (information)



Amplitude modulation
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Information signal: ~ V,, (l)

gt Moot @) High frequency carrier: v, (1) = E, cos(@.1+6, ) = E, cos(27 .1 +0,)

f.is much higher than the highest frequency in M(f)

v, (1), (1)=Ev, (t)cos(w,+6,)=E,v, (t)cos(27 f.t +6,)

frequency frequency Je



Linear modulation / Amplitude Modula-

tion

Modern
ications

v, (1)=E, cos(27 f,1)
= peak modulating signal amplitude (Volt)
f» = modulating signal frequency (Herz)

v, (t)=E_ cos(27m f1+6.)

Amphiade Modmation@

E. = peak carrier amplitude (Volt)
f. = carrier frequency (Herz) f.>>> 1

Vo (t):{Ec+E cos(27f, t)}cos(2n'fct+6’c)
Vo (1) =E, {1+ cos(27z f, t)}cos(27rfct+6?c)

~

m=—-_mis called “modulation coefficient
¢ (dimensionless)



Modulated signal

Modern
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v, (1)=E, {1+ mcos(Z;rf,'nt)}cos(Zﬂﬁt)

am

Amphiade Modmation@

Modulated wave [vam(t)]

Vo (t)zEC{cos(Zﬁfct)+’%cos(27z’[fc +fm]t)+%cos(27r[fc —fm]l)}



Amplitude spectra
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v, (t):Ec{cos(2ﬂfct)+%cos(27r[fc +fm]t)+%cos(27r[fc —f,,,]t)}

Amplitude Modulation@
V. (/) V.(f) E

E

m

Ion frequency frequency Je

NANA
AVAVA

Modulating signal [vm(t)]
Carrier [vc(t)]



Amplitude spectra
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Amplitude Modulation@ Vam (f)

frequency £

Modulated wave [vam(t)]




Amplitude spectra
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Amplitude Modmation@ Vem (t) =k, {cos(zﬂfcl‘) + %Cos(zﬂ' [fc +J ][) + %COS (2” [fc —Ju ]I)}

Vam ( f ) Carrier

frequency £



Amplitude spectra
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General idea of an AM modulator
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Cc ation:
Amplitude Modulation@

E, cos(a,) Vo (1)=E, {1+ mcos(Zﬁf;nt)} cos(27f,1+6,)

gain=1+mcos(27 f,1)

m




Modulation coefficient
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cos(2ﬂfmt)}cos(27rfct+95)

vam = c +

>

El

(=2

3 m=0.7 (70%)
5 5

3 £

(=} ©

=

[vm(]

arrier [ve(t)]




Modulation coefficient
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cos(2ﬂfmt)}cos(27rfct+95)

vam = c +
>
El
(=2
3 m=1(100%)
5 5
3 £ y
(=} ©
=

[vm(]

arrier [ve(t)]
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cos(2ﬂfmt)}cos(27rfct+95)

vam = c +
>
El
(=2
3 m=1(100%)
5 5
3 £ y
(=} ©
=

[vm(]

arrier [ve(t)]




Modulation by a Complex Information Sig-

Modern
Communications

Amplitude Modulation v, (f) = Z:mM cos(Zﬁf”f)
Vo (f) = {EC +v, (f)} cos (Zﬂ'fcf)

s(1)=E, {cos(Zﬂfcf)Jrém%cos(Zﬂ[f( + f”]f)er%cos([f; f”]f)}

m, = \/ml‘ +my+my+ . +my



Modulation by a Complex Information Sig-
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Complex signal

Amphiade Modmation@

frequency

1ES(f-1)

Carrier

fe

1ES(f 1)

AM




AM Amplitude spectrum
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Lower sideband | Upper sideband

Amplitude Density

Frequency fofu(max) f, ot p(max)

Lower side frequency Upper side frequency
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