LECTURE OBJECTIVES

Signhal Processing First
Review of FT properties

Convolution <--> multiplication

Frequency shifting
Lecture 24 Sinewave Amplitude Modulation
Amplitude Modulation (AM) AM radio
Frequency-division multiplexing
FDM
Reading: Chapter 12, Section 12-2
Table of Easy FT Properties Table of FT Properties
Linearity P t i I
x(®) *h(t) & H(j@)X(jo)

axq (1) + bx, (1) < aX; (jo) + bX, (jo)

‘Delay Property _
X(t—ty) < e 1 X (jw)

XO)p(1) & 5= X(jo)* P(jo)

Frequency Shifting x(t)eja)Ot P X(j(a) — a)O))
X(t)eja)ot D X(J((() — (()0)) Different(ijatiz{l)Property
~a XO) )X
x(at) < @ X(j(2) g < Uo)X(jo)
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Frequency Shifting Property

x(1)e) " = X(j(w - op))

o0

[ e ™txte ™t = [ x(t)e " dt

= X(j(o-y,)

Convolution Property

Sm 7t _ 1 w,~1<o<w,+1
t — Ja)ot Y —
y(t) = (Jo) {O elsewhere
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| Y@ =hE+x)
5(t) h(t), H(jw) h(t)
X(Jo) Y(Jo)=H(jo)X(jo)|

Convolution in the time-domain

y(t) =h(t) *x(t) = | h(o)x(t—r)dr

corresponds to MULTIPLICATION in the
frequency-domain Y(jw)= H(ja))X(ja))|
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Cosine Input to LTI System

Y(Jo)=H(jo)X(o)

+ 70+ 0,)]

=H(jw,)mo (@ - w,)+ H(-jo,) 70 (o + v,)

yt) = H(jo)3e" +H(-jo)3e
= H(jo,)3e'™ +H (jo,)3e '™
= |H(jw,)|cos(@t + £H(jw,))
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Ideal Lowpass Filter

aX(jo) =7 8 (w- mo)ﬂ[ d (w- mo)

(x) (n) /Hlp(ja))

— -0 0]
a)CO 0 0 wCO

y(t) = x(t)  if @p <@g
y)=0  if wy > 0y
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Ideal LPF: Fourier Series
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The way communication

systems work

680 kHz,

[LISTENER #1]

STATION #1840 kHe LISTENER #1
680 kH.

STATION #2 R0 Hz gﬂﬁﬁﬁgl_ {LISTENER #2

BANDWIDTH 640 k

FDM
StaToN Fls e L oM oorallISTENER #4

|

How do we share / 680 ki LISTENER #5

SHARED RESOURCE

bandwidth ?
v
| SLOTS
(TOM)

Table of FT Properties

x(t) *h(t) = H(Jo)X(]0)

XO)p(1) & > X(jo)* P(jo)

x(t)e! " = X(j(o - o))

Differentiation Property

20 e (jo)x(jo)
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Signal Multiplier (Modulator)

L YO=ptx®
i T  Y(j0) =5 X(jo) *P(j)
; |

-----------

(am

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

V(jo)= - [ X(0P(i(w - 0)de
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y(t) =x(0)p(t) =Y (Jo) = 5z X(jo) *P(jw)

Amplitude Modulator

p(t) =cos(at) <
P(jw)=rnd(w—-®.)+ mé(w+ w,)

y(t) = x(t) cos(a,t) <
Y(jo) =L X(jo)*[16(0-a,)+ m6(0+ a,)]

Y(Jjo) = X(J(0-a))+; X(J(@+a,))
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S y(t) = x(t)cos(w.t)
Y(jo) =3 X(i(@- o))
cos(@et) L
+2X(j(@+ o)

X(t) modulates the amplitude of the cosine
wave. The result in the frequency-domain
is two shifted copies of X(jw).
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y(t) = x(t)cos(a.t) &

y(t) = x(t)cos(a,t) &
Y(jo) =3 X(J(0-a,))+; X (J(0+,))

Y(Jo) =3 X(J(0-a))+; X(J(0+a,))|

1 [tj<T -
‘() = t|< - X(ja)):zsm(a)T)
0 [t[>T (@)

y(t) = x(t)cos(aw.t) <
sin((w—w,)T) N sin((w + w,)T)

Y(jw): (w_a)c) (a)+a)c)

///////// llan & RW Schafer

y(t) X(t) @

4 Yiw) (b)

A3 X(j(0-,))

/////////




DSBAM Modulator

Q) y(t) = x(t) cos(at)

XGa) | Y (jo) = 2 X(i(@ - @)

cos(agt):

+oX(j(0+ @)

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

DSBAM Waveform

In the time-domain, the “envelope” of sine-
wave peaks follows |x(t)|

Double Sideband AM (DSBAM) DSBAM DEmodulator

“Typical” X(io) @ RN Demodulator | _ ___ _ .
et g O YO=xO0s08) | W) [t o | | v0)

] H(jw) :

o 0 o > cos(at) i cos(a,t) i

Frequency-shifted i A Vi b ) L_]_-" “";— __________ I

= Lower sideband | | UPPer sideband w(t) = x(t)[cos(o )] = 5 x(1) + 3 x(t) cos(2a,t)
. 1g,,. 1g,. 1y,
0.5X(j (w + %\ A2 N@(m ) W(Ja)):EX(Ja))+ZX(J(a)_za)C))+Zx(J(a)+2a)C))
- UJC’ Ll)h - (JJC - (l)c‘"(ﬂb 0 U)c* (l)b UJC (JJC"‘UJb (J'J V (j a)) — H (j a))W ( j a))
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DSBAM Demodulation

Av(o) @ —
A/
0.5X(j (m+0)c)) 0.5X(j (o - mc))
(o-o) -0 (-o+o) 0 (o-0) o (o+e) g

2 |o|< oy

S oad ;/H(jw):{o | @ |> @

0.5X(jo )

0.25X(j (v + 20 )) 0.25X(j (0 -2 o, )

AN AT

2co+cn 2co+co R 0 o, o 2co o, 2co+co

V(jo)=H(Jo)W(jo)= X(jo) If op <o, <20 - o

=2

Freguency-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 —-I-— Multiplexer J—

x(t) (1)

o)
cos(w,t) "
uit)
—up wy w 69_- - ==
Spectrum of inputs pid
must be bandlimited "’ () e
Need |a)02 - a)C1| > 2, Xa(jw) -

cos(a.,t)

—Wh b W

Y (jw)

Yoz B ;
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Frequency-Division De-Mux

—Wez  —l 0 W
' a)cl a)cz
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rd
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Bandpass Filters for De-Mux Pop Quiz: FT thru LPF

4 Hbm(jm) a 1 ‘ 1
| “ H p(jo)
! "Jmﬂ‘)b)i'( 04 o) 0 (@ o) i (4%, © — Wy C()CO 2
b ppali) (b) o
1| Input x(t) <> X(jo)= > 4r(w—307k)
k=—00
If the output is y(t) = 2,then find a value for @,

1 Il
T T
- + - - 0 - +
( mc2 mb) ( mcz mb) (mCZ mb) (mcz mb) ©
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