Signal Processing First

Lecture 24
Amplitude Modulation (AM)

8/22/2003 © 2003, JH McClellan & RW Schafer 1

LECTURE OBJECTIVES

Review of FT properties
Convolution <--> multiplication
Frequency shifting

Sinewave Amplitude Modulation
AM radio

Frequency-division multiplexing
FDM

Reading: Chapter 12, Section 12-2
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Table of Easy FT Properties

Linearity Property

Table of FT Properties

ax, (1) + by (1) & aX,(j@) + bX, (&)

‘ Delay Property

x(t—t;) & e_jwth(ja))|
Frequency Shifting

x(1)e’" & X(j(0- wy))

x(at) & L X(j(@))
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x()*h(t) & H(jo)X(jw)

x(D)p(t) & - X(jw)* P(jw)

x(t)e’! " = X(j(o-wy))

Differentiation Property

dx(t)
dt
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= (Jo)X(jo)




Convolution Property

Cosine Input to LTI System

| B0 = ) x(0)
5(t) h(t), H(jw) h(t)
X(jw) Y(jow)=H(jo)X(jo)

Convolution in the time-domain

(0= W) *x(0) = | W(w(i—7)da

corresponds to MULTIPLICATION in the

frequency-domain Y(Jow)=H(jo)X(jw
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Y(jw)=H(jw)X(j @)

+ 780+ w,)]

= H(jw,)m(w - w,)+ H(-jw,) m(@ + @)

W) = H(ja,)}e™ +H(=ja,)ye™
= H(jo)3e™ +H (jo)3e "™
= |H(ja)0)|cos(a)0t +ZH(jw,))
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Ideal Lowpass Filter

systems work

aX(jo) =7 8 (w- mo)ﬂt 9 (- mo)
() () /Hlp (] CU)
) ) 0 % W o

co

) =x() it oy <ag,
yH)=0 if @y > wy,
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The way communication

680 kHz,

[LISTENER #1]
STATION #1 &40 kHz LISTENER #1
680 kH.

STATION #2 680 kHz gﬂiﬁﬁgl_ HLISTENER #2
BANDWIDTH (STENER 73]

STATION #3 s =l ISTENER #3

FDM
STATION #4 [550 kHz ( ) 750 ksLLISTENER #4

|

How do we share / 680 Kt LISTENER #5

bandwidth ? SHARED RESOURCE

CALLER #1
S
TIME RECEIVER #2
CALLER #3 SLOTS
CALLER #4 (TDM)
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Table of FT Properties

x(t)*h(t) & H(jo)X(jw)

x(D)p(t) & = X(jo) * P(jw)

J @t

x(t)e

o X(j(o-wy))

Differentiation Property

dx(1)
dt
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= (Jo)X(jo)

Signal Multiplier (Modulator)

___________

: (0= pOx(0)

XGjo) | T  Y(0)= X PG
Ok

___________

Multiplication in the time-domain corresponds to
convolution in the frequency-domain.

V(@)= | XGOP(j(@-6)do

222222222

() = x()p(t) & Y(jo) =5 X(jo)* P(jo)

’ _{1 H<T/2 oy SIN(@T/2)
0 ys>Ti2 (@/2)
p(t) = cos(wyt) = P(jw) = mo(w — @)

+ ﬂ&(a) + (O )
y(t) = x(t)cos(wyt)

Y(jo) =5 X(jo)* [78(@ - @y) + 7@+ )]

Y(jo) =5 X(j(@—@y))+5 X(j(@+ @)
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Frequency Shifting Property

x(1)e! " & X(j(0- wy))

(oo}

[ xne™dt =[x dr

= X(j(0-,))

sin 7t 1 w,~7<w<w,+7

Tt

) = 0 elsewhere

ei“’°’<:>Y(ja)):{
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Amplitude Modulator

(1) = x(t)cos(@w,t)

y(t) = x(t)cos(w, t) &

Y(jo) =5 X(j(@- 0 )+ X(j(0+0,))

-
Y(jo) =5 X(j(0- @)
L»

+X(j(0+@,))

x(t) modulates the amplitude of the cosine
wave. The result in the frequency-domain

& X(jw)y=2

1 <T , sin(awT)
X ‘{0 > T ()

y(t) = x(¢)cos(w, t) &

sin((w— @,)) N sin((w+ @,))

Y(jw)=

is two shifted copies of X(jw). (0-o,.) (0+a,)
y(t) = x(¢)cos(w, t) &
. [ [
Y(j0) = X(j(0- o)+ X0+ o,) DSBAM Modulator
" x(t) w . V(1) = x(t)cos(w,t)
o -
' : [
Xj@) Y(jo) = X(j(0-,))
XG0+ o)

4 Vi) ()

T
l\)>\<>—‘
<
2
+
RS
-.'

L X(j(@-,)
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If X(jw)=0 for |0|>w, and @, >a,,the result
in the frequency-domain is two shifted and
scaled exact copies of X(jw).
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DSBAM Waveform

Double Sideband AM (DSBAM)

. . . “Typical” X(jo)
13 ” (a)
In the time-domain, the “envelope” of sine- bandlimited .\ ’
wave peaks follows |x(1)| input signal
x(t) (a)
o, 0 w, ®
’ copres el i T,
Lower sideband pper sideba
wt) = x(t )Cos(mc t)
A2
0.5X(f (o + % Nﬂ'(@ o))
-0-0 -0 -0 0 w0 o, w o, ®
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DSBAM Demodulator DSBAM Demodulation
frie @ —
_______ Demodulator | _ __ __ A/Z
0.5X(j (® + o ) 0.5X(j (o - o )

x(1) Wt) = x(t)cos(w,2) Ideal Lowpass
Filter

H(jw)

v(?))

cos(@,t) cos(@,t)

w(t) = x(t)[eos(@ N =3 x(1) +%x(t) cos(2w,t)
W(jo) =5 X(jo) +5 X((0-20,) +; X((@+20,)
V(jo)=H(jo)W(jw)
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524

oro) -0 (-o+a) 0 (o-a) o, (o+0)

V(i) . 2 |ol<ag

e 5 IRE 5 H(]a))={0 o[>,
y CO
0.5X(jo> )
0.25X(j (0 + 20_)) : 0.25X(j (0 -2w_))

A N

2CD+(D 2CD+(D -0 - 0 @ ® 260 Cl‘)b 260+CO (0]
co b b co

Vijw)=H(jo)W(jo)=X(jo) if o, <a, <20,.- o,




Frequency-Division
Multiplexing (FDM)

Shifting spectrum of signal to higher

frequency:

Permits transmission of low-frequency signals
with high-frequency EM waves

By allocating a frequency band to each signal

multiple bandlimited signals can share the same

channel

AM radio: 530-1620 kHz (10 kHz bands)

FM radio: 88.1-107.9 MHz (200 kHz bands)
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FDM Block Diagram (Xmitter)

- Modulator —+— Multiplexer J—
a(t) n(t)
X1 (jw)
cos(w,t
( cl ) (1)
=Wy @b w 69_' -7
e
Spectrum of inputs ~
. . ('t yalt re
must be bandlimited " 0 e
Need |@,, — @, |> 2w, Xa(jw) g
cos(@,,t) .~
Ve
—Wy b w
‘ Y (juw)
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Frequency-Division De-Mux

Y(jw)
o e 0 wcl a)CZ N
x
rd
s
< yi(t) ()
» BPF i . - ;
e Wal LPF —
s
L cos(@, 1)
y(t)
ez (t) va(t)
BPr - ~ Lf f—
cos(@,,t)
R — Demultiplexer —-I-— Demodulators —_—
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Bandpass Filters for De-Mux

H g 00) "
1
3 mc1+u>b)‘ (0 wy) 0 (@~ ©) | () ©
Movall®) ®)
1
! mczﬂub)l'( ®," @) 0 (@5, @) | (@, *w,) @




Pop Quiz: FT thru LPF

1

- Hip(jo)

—w 7 YW

Input x(r) <> X(jw)= ) 4r(w—307k)
k=—co
If the outputis y(#) = 2, then find a value for @,
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