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In the time domain...

m(t) ‘L

—

J \/Em(t) ok
m(t) X V2cos(2nft) = x(t) of

’\

\\ \\ ‘ M
‘H “ HH“H\‘ ‘M”\ |
V| I | i ||

pre
27U\

;(JEX \/_cos(Zn]fct} = (L) oL )
cos’(#) = (c re” L

Al Note the oscillation at

twice ‘the cz‘irrier‘freqqency

-‘J“\ N 4] 39,9800Nds 3 7.5 549
[= ri+ye = X ¢+ (e’ ™ C A e
L J=7 <t —-—t-——-?_c /2

--’-+J-c.o)(u-.)

Scallng and Suppressing Frequency

Components ) =l e BT
= mit) (1+ cos (270243t ) )

A VLC media player we= - o[ IEl
Media Playback Audic Video Subtitle Tools View Help

Adjustments and Effects B
Audio Effects Video Effects | Synchronization

Equalizer Compressor Spatializer

Enable [ | 2 Pass Preset | %4 Headphones -
P e mm| = (=[x
&0 170 H; 800
Fream 11
398
[] wirite changes to config




:
Important Properties of F:A Revisit
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v(t) (Zoomed in time)
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In the time domain... we expect
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In the time domain...
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The problem with sampling rate
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BW Inefﬂmenoy in Our System (1)
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Bandwidth

® The bandwidth (BW) of a signal is usually calculated from the
differences between two frequencies (called the bandwidth limits).

e Absolute bandwidth: Use the highest frequency and the lowest
frequency in the positive-f part of the signal’s nonzero magnitude
spectrum.

* Half-power bandwidth (3-dB bandwidth): Use the frequencies
where the signal power starts to decrease by 3 dB (1/2).

* Null-to-null bandwidth: Use the signal spectrum’s first set of
Zero crossings.

® Occupied bandwidth: Consider the frequency range in which

X% (for example, 99%) of the energy is contained in the signal’s
bandwidth.
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BW Inefficiency (2)

® Message bandwidth and the transmitted signal bandwidth
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® The DSB spectrum has two sidebands: the upper sideband
(USB) and the lower sideband (LSB), both containing
complete information about the base-band signal m(r).

® Asaresult, DSB signals occupy twice the bandwidth required
for the baseband.




Fourier Transform and

Communication Systems

Quadrature Amplitude
Modulation (QAM)

QAM

® Send two messages over the same bandwidth of 2B Hz.
. xQAM(t) = my (t)V2cos2rf.t) + m,(t)V2sin(2rf,t).

Transmitter (modulator) Receiver (demodulator)

Channel




A more general formula:

g(t)cos(zzfct)ﬁée(f - fc)+%G(f V1),

g(t)cos(27zfct+¢)£%(6(f — fel +G(f + f)e ).

QAM Demodulation

® When B< f_,
LPF{Xquy ()v2 cos (27 f,t)} = m (t)
LPF{Xqu (t)v/2sin (27 f,t)} = m, (t)

V, () = Xoau (1) V2 cos (27 T 1)

(1+c0s(27z(2 fc)t))+ m, (t)sin(27z(2 fc)t)
t)+m, (t)cos(27z(2 fc)t)+ m, (t)cos(27z(2 fc)t—90°)




Complex form of QAM

X (1) =M, (1)¥2 cos (27 f,t) +m, (t)V2 sin(27 f 1)

e where m(t) = ml(t) — jm,(t). cos(2rct) "'") sin (27

m 6 e-‘jw){"t = mlt)ces(a7A ) + )al® sin (277t

-)m, cos(2m/et) + ™ LE sin(274 t)

o m(t): complex envelope or complex baseband signal
e my(t): in-phase component

* M, (t): quadrature(-phase) component
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QAM vs. DSB-SC Key Equations

DSB-SC Key Equation

LPF Jﬁm(t)x V2 cos(27 fct))x(ﬁcos(Zﬂ fct))} =m(t)
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QAM Key Equation
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Derivation of the QAM Key Equation (1)
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Derivation of the QAM Key Equation (2)
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