


Modulation

How can information be encoded on an EM wave?

Acos(2Tif t+ CP)

»
Amplitude modulation: A > A(t)
vFrequency modulation: f_ = (f, + f(t))
Phase modulation: ® - P(t)
(Recognize: Carrier frequency: f)

What we want to know:

« the details of the modulation/demodulation, *
« frequency spectrum, ¥

* bandwidth of the modulated signal *

Note: We will only cover the coding of analog information (e.g. traditional AM radio),
but there are other types of of encodings, for example digital (BPSK, QPSK, etc).



Modulation

Information is transferred in the changing characteristic of the signal
Can change the amplitude, frequency or phase of the signal
Modulation is needed for both wired and wireless communications
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Amplitude modulation

X(t) — is the information we need to transmit
* Normalized between -1 and 1

AM radio has a defined limited bandwidth for x(t): 40 Hz — 10.2 kHz
 mis the ‘modulation depth’
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Amplitude modulation

S(t) = B [1+m x(t)] cos(2Tf. t)

ALS) _X(t) (envelope)
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Amplitude modulation

05 -1
S(t) = B [1+m x(t)] cos(2Tf.t)
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Music signal example

0.5¢

Low-amplitude time
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Time (s)
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Be aware that music
or speech signals are
highly variable with
time.



Frequency spectrum of AM
S(t) = B [1+m x(t)] cos(2Tf.t)
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h"”/é’” — The frequency spectrum of x(t)
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o The frequency spectrum of S(t)
r\%M(w—wc) We 2?2 Wna x
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The pbandwidth of S(t).is thus 2 x f
present in signal x(t).

AM radio, f. ., ~ 10 kHz, thus radio stations can be spaced ~20 kHz aparts

where f__. is the largest frequency
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AM demodulation
S(t) = B [1+m cos(2T f.)] * cos(2m ft) — Am snel

=B [cos(2m ft) X o t “d,
+0.5m* cos(21 (f.+f )t)+ 0.5m* cos(21 (f.-f, )t)]
————f [

* Frequency content of S(t): (f,—f.,), f. ( +f ) Pemodvlakar
How +o demodulete — = - il
Mix S(t) with cos(2Tf t) S () — :_\_l

Sdemod(t) = %(1)* cos(2m fct) [OQ(ZII[‘f)

= B [cos(2T f t)*
+0.5m* cos(21 (f,+,)t)+ 0.5m* cos(2m (f.-f )" cos(2T 1)
= B [cos (21 f t)*cos(2m f ) |
+0.5m* cos(21 (f.+f, )t)*cos(21 f.t)
+0.5m* cos(21 (... )t)*cos (2 f.1)] 9




AM demodulation
Fc*[c =Z‘rc ’fc'é-‘ Oedc

X
S4emog(t) = B [cos(21T f.t)*cos (21T f.t
dgemod(t) = B [cOS( )"cos( ) Ll = 2Eebm

+0.5m* cos(21 (f+f,,)t)*cos(2T f.t) e
+0.5m* cos(2m (f-f )t)*cos(2mft)] ~ . = [
FC’I; *‘{(_ ’-zﬁc{ﬂ f
‘,—"/O\\ % port "‘(’.M C(. 7] m

= B [0.5 Cos(21T DC.t) + 0.5*cos(2m 2*f}) .

+0.25m** os(2Tr (f)t) + 0.25m* cos(21T (2*F_+f_)t)

+ 0.25m* cos(21 (-f.,)t) + 0.25m* cos(21r (2*f-f.,)t)]

1 Cos(-%) :-:-(aso«) cos (zv () = (OSCZﬂprr\)

= B [0.5" cos2r-DG+) + 0.5%cos(2m 2*ft)

+0.5m* cos(21 (f,)t) + 0.25m* cos(21 (2*f,+f.)t)

+0.25m* cos(21 (2*f - )t)] ‘ ‘

T m
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AM demodulation

L 5 4
Syemeq(t) = B [0.5 + 0.5*cos(21 2*f. )

+ 0.5m* cos(2t (f)t) + 0.25m* cos(21 (2*f +f )t)

+ 0.25m* cos(21 (2*f-f )t)] )
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06 2, @t @ till) T — 4,
 Remove unwanted frequencies by filtering

* Recover f A’M Demy Jula,‘v\..
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—  Zavdope Dedector

Diode: does the “mixing”
(non-ideal)

RC low pass filter
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AM demodulation

S(t) = B [1+m x(t)] cos(21f.t) - rectified
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