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Amplitude Modulation

There are several different ways of amplitude
modulating the carrier signal by m(t); each results in
different spectral characteristics for the transmitted
signals.

e Double Sideband- Suppressed Carrier AM
e Conventional Double Sideband AM

e Single Sideband AM

e Vestigial Sideband AM



Frequency Conversion

— F requceicy Mixer or converter

— Used to change the trequency of a
modulated signal m(r)cosws trom o, to some
other trequency o,

— This can be done by multiplying m(r)cosws by

t where o

mix

2C0s @

mix

= 0.+ o, O ®

v ﬁ‘}c R ﬁ'}f
— A bandpass tilter at the output, tuned to o,
will pass the term m(r)cosw,r and suppress the

other terms
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Frequency Conversion

—'The operation of frequency mixing (also
known as heterodyning) is identical to the
operation of modulation

— When we select the local cartier trequency

@

i

conversion, and when we select o

i

=0, +o,, the operatton 1s called up-
=, — @,,

the operation is down conversion
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Frequency Conversion

To change the carrier frequency 9(t) = m(t) cos(wc) e.(t) = 2m(t)cos(at)
oc of a modulated signal to an
intermediate frequency ol we

BPF@ o,

. cos(wmixt)
use an oscillator to generate a S
sinusoid of frequency oMIX such  beasshown.
that m o
t-
o t-
=% “Mmix: M()
Then m(t)cos(@,t) cos(ey ;1 1) = % M()[cos((e, + @) 5 I +C0S((@, =@y 15 V)] / \
= % m(t)[cos((2w,, +w, )t) +cos((@, )1)] A\ ;(w) 0o m
0, o o,
/_\_\ El(w)/_\_\
o, 2 o, 0

SPECTRA



Conventional Double Sideband AM



Amplitude Modulation

An alternative for the synchronous detection
1s to transmit a carrier Acoswr along with the
modulated signal m(s)cosw.r so that there is no
need to generate a carrier at the recetver
In this case the transmitter needs to transmit
much larger power, which makes it
expensive
The transmitted signal 1s given by:

@ . (t)=Acos@.t +m(t)cos @.t

=4+ m(t)|cos .t

@ (1) > = [M‘((J+ﬁ))+if(m o )|+ zd|s(o+o. )+ 80—, )



Amplitude Modulation

Why DSB-SC not working: do not know the carrier frequency in
receiver.

The last impulse functions indicate that the carrier is not suppressed in
this case. For some M() shown, the modulated signal spectrum is as
shown. ¢, (t) =[A+m(t)]cos(w,t)

O (w) :%[M (v—w.)+M (a)—a)c)]+ Aﬂ[§(a)—a)c)+5(a)+a)c)]
M(w)

il
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With this type of AM the demodulation can be performed with/without
a local oscillator synchronized with the transmitter.



“AM Example

» m(t) has a minimum value of about -0.4. Adding a dc offset of A=1
results in A+m(t) being always positive. Therefore the positive
envelope of is just A+m(t). An envelope detector can be used to
retrieve this. A

3] A+m(t)

o.7__1

04 t—>

@au(t) =[A+m(t)] cos(w.t)

11 ot
e




"AM Example (contd.) =

The choice of dc offset should be such that A+m(t) should always be

positive. Otherwise envelope detector cannot be used, but coherent still
ok

For example, the minimum value of m(t) = -0.4 . Therefore A >
Imin(m(t))| for successful envelope detection. What if A< |m(t) |.

In the previous example let A=0.3. Asm()

. t—>
o = t—

Pam(t) =[A +m(t)] cos( . t)
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Amplitude Modulation
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Amplitude Modulation
— Condition for envelop detection
A+m(t)=0 tor all «
Minimum carrier ﬂﬂlp]itude 1‘E:qui1‘ed tor
viability ot envelop detection is m,

— Modulation index

I
—_ P

# A
O=u=<l

Note that the synchronous detection can be
used for any value of x. The envelop
detector, which 1s considerably simpler and



Amplitude Modulation

less expensive than the synchronous detector
can be used only tor u<1
Example

Sketch ¢,,,(r) tor modulation indices of #=0.5
and z=1 when m(r)=Bcosm,

TOME MODULATION

aw =105

1+ 0.3 Ccos !

TG N O .H,Tfn‘ ...... ;-rflﬂ‘... [ :
e | f -4 }




“Modulation Index

A > m, A isthecarrieramplitude.

m
MODULATIONINDEX : pu = Tp
0

Then we see thatforA =z m,, , s

Whenpu>1 (or A<m, )thesignalisovermodulded,andenvelopedetectioncannotbe used.

(However, we can stilluse synchronous demodulaton). 2

m, =2, e e YTt oy o ST o ey 4
Baae vvw
Fordcoffsetofl p = 2.

L=05 n=1 H=
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AM Example

l [ “

VARABAR]
|

Envelope Detection can be used to recover the signal




Over-modulation Case
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Only Synchronous detection can recover the signal




Amplitude Modulation
Sideband and Carrier Power
In AM the carrier term does not carry any
information, and hence the carrier power is

wasted
@am(t) = Acos wet  + Lm(t} COS wel

b

CArTier sidegands
, = — d P, = = I
P, 5 an 5 (r)
4 ] !t
_ useful power P, mﬁ( ) 100%

"= total power P+ P, - A2 4+ m-(1)

e (L A)?
Tone Modulatien| (L) = ‘.iz"j.l. COS Wyl and m-(r) = )

Ml

34z 100%

]'j:



Tomne Modulation

Efficlency (%)

25

20

25

=0

15

10




Generation of AM signal

* AM genarator



“AM Decoder

Rectifier Detector: synchronous
Envelope Detector: asynchronous
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Figure 4.12 Envelope detector for Al



" QAM

— Quadrature Amplitude Modulation (QAM)
The DSB signals occupy twice the
bandwidth required tor the baseband

— Transmitting two baseband signals using
carriers of the same frequency but in phase
quadrature

Low-pass
"Tl[!r rl|lE[ "]-I{_r'}

2 Cos w

— 2

J.'
]
SIN el 2 50 e s
L-D'-'..'—pass.
my i) filter

aalr) 1,01

Poung (1) =m(t)cos @ t +m,(1)sin @ 1



- QAM (contd.

— Both modulated signals occupy the same
band and can be separated at the receiver by
using synchronous detection using two local
carriers in phase quadrature

— The upper branch is also known as in-phase
(I) channel and the lower branch is the
quadrature (Q) channel

— A slight error in the phase or trequency ot
the local carriers at the demodulator will not
only distort the signal but will also lead to
interference between two channels



QAM - =

AM signal BANDWIDTH : AM signal bandwidth is twice the bandwidth of
the modulating signal. A 5kHz signal requires 10kHz bandwidth for AM
transmission. If the carrier frequency is 1000 kHz, the AM signal spectrum is
in the frequency range of 9g95kHz to 1005 kHz.

QUADRARTURE AMPLITUDE MODULATION is a scheme that allows two
signals to be transmitted over the same frequency range.

Coherent in frequencyand phase.



Amplitude Modulation: Single Sideband

— Amplitude Modulation Single Side Band

Also known as SSB-SC

— A scheme 11 which only one sideband

(USB or LSB) 1s transmitted

— Requires only one halt the bandwidth of

the DSB signal

— Demodulation of SSB signals is identical to

that of DSB-SC signals
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2né(w)
u(t) wé(w)+ —1—
Jjw
2
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jw

M () = M (@)U () =M (w)[%} i M(@)+ M@)sgn(@)] < m () =2m() + 15 {M (@)} F {son(o)}

F (o= = L = %(m(m jm(e) j —3(m(+ jm,(0))
Limia)y,

TWt—A

m, (t) is called the Hilbert transform of m(t).

1
where m_(t)=m(t) *— =
, (1) =m(t) =

Similarly, we canshow thatm (t) = %(m(t) — jm(t) *% j =1(m(t)— jm (t) )

M, (@) = - M(0) sgn(o)



Time Domain Representation of SSB Signals

M (w)
. M_ (o)
M, (@) =~ M(e) Sgn(e) \
M (o .
H(w)= 2 __jsgn(o) /
M(w)
o J forw >0
= J forw <0
Transfer function of a Hilbert transformer [H(w)| =1
M(ow) M, (@)
R, o H(w) —>

ZEH((D)




~ Time Domain Repkesentation of SSB Signals

M (w)
. M_ (o)
M, (@) =~ M(e) Sgn(e) \
M (o .
H(w)= 2 __jsgn(o) /
M(w)
o J forw >0
= J forw <0
Transfer function of a Hilbert transformer [H(w)| =1
M(ow) M, (@)
R, o H(w) —>

ZEH((D)
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Time Domain Representation of SSB Signals
» SSB signal can be expressed in terms of m(t) and its
Hilbert transform
®ssg-UsB (®) = (M (0 - oc) + M_(0 + o))
M. (0~ 0) = F7{m. (De1} - 57 {2 (m(t) + jmn (D)elo:}

M_(0+oc) = F7{m_(t)e ot} = F7{L(m(t) - jmn ()Tt

2 Mi(0—oc) +M_(0+oc) =F{Z(M(t) + jmn ()elot + 2 (m(t) - jmn ())e ot}
= g {Lm(t)(eiot + eiot) + [Lmp (t)(eiot —e-iot)]

F-1{m(t) cos(wct) —mp (t)sin(oct)}

-1

». ®ssp-us(0) = 7 {m(t) cos(wct) —mh (t)sin(wct)f

Similarlywe canshow that ®ssg_Lsp (©) = -7 {m(t) cos(wct) + mp (t)sin(oct)};

Ingeneral, ®ssp (o) = 7 {m(t) cos(wct) Fmp (t)sin(wct)} (- for USB, +for LSB)
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Time Domain Representation of SSB Signals
@ (t)=mlt)coser t —m,(t)sin e 1

@, (t)=mlt)cosa t+m,(t)sine 1

@ecplt)=mlt)cos .t Fm,(f)sin et



Generation of SSB

» Selective filtering Method

— A DSB-SC signal is passed through a sharp cuttoff
filter to eliminate the undesired sideband

— The filter should pass all components above w,
untenanted and completely suppress all components
below w,

— Such an operation require an ideal filter, which is
unrealizable

— It can be realized closely if there is some separation
between the passband and stopband e.g. Speech
Signal (For speech frequencies below 300 Hz can be
removed without effecting the quality)



SSB Generator

* Selective Filtering using filters with sharp cutoff characteristics. Sharp cutoff filters are
difficult to design. The audio signal spectrum has no dc component, therefore , the
spectrum of the modulated audio signal has a null around the carrier frequency. This
means a less than perfect filter can do a reasonably good job of filtering the DSB to
produce SSB signals.

Baseband signal must be bandpass
Filter design challenges

No low frequency components




SSB Demodulation ==

Synchronous, SSB-SC demodulation

¢ssa (1) cos(@ct) = [m(t) cos(wct) F jmn (1) sin(wct)]cos(n(wct) = 2 [M(t)(L+ cos(wct)) F jmn (t)sin(2ect)]

A lowpass filtercanbe used to get % m(t).

SSB+C, envelop detection

¢ssc(t) = Acos(wct) + [m(t) cos(wct) F mn(t) sin(wct))]
Anenvelopedetectorcanbe used to demodulatesuch SSB signals.
Whatisthe envelopeof psspic(t) = (A + m(t)) cos(wct)) + mp(t) sin(mct) = E(t)cos(mct + 0) ?

1

{Recall Acos(a)+Bsin(a) = (A2 + 82)2 cos(o + 0), 0 = _tan-l(%))
E®) = (A+m(1)2 +m2(1)z = (A2 + m2(1)) + m2(t) + 2Am(t)):

i m2(t) . m,(t) , 2m(t)
—A(1+ e e Aj

~ A +m(t) for A >>[m(t), A>>|mn ()
Theefficiencyof thisschemeisvery lowsince A hastobelarge.
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emodulation of SSB

Synchronous Cemodulation can be used for 358-5C 5igna]5|

SSB-LSB

SSB-USB
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SSB vs. AM

Since the carrier is not transmitted, there is a reduction by
67% of the transmitted power (-4.7dBm). --In AM @100%
modulation: 2/3 of the power is comprised of the carrier; with
the remaining (1/3) power in both sidebands.

Because in SSB, only one sideband is transmitted, there is a
further reduction by 50% in transmitted power

Finally, because only one sideband is received, the receiver's
needed bandwidth is reduced by one half--thus effectively
reducing the required power by the transmitter another 50%

(-4.7dBm (+) -3dBm (+) -3dBm = -10.7dBm).

Relative expensive receiver



/Tel?phone Channel Multiplexing

Almost all long-haul telephone channels were multiplexed
by FDM using SSB signals.

48 kHz
12 voice channels

g
< / ( 240 kHz >
o G
£ roup *\ 60 v0|ce channels
S . 2.52 MHz
g o F Supergroup 600 voice channels
(@]
- S D > y ( 16.984 MHz >
o — M a : 3600 voice channels
0 3 F | Master group
—> o D >
e N Y 8 m— Jumbo
2 | o D
Q — M
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Questions?



