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Figure 4.1 DSB-SC modulation and demodulation.
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EXAMPLE 4.2 Frequency Mixer or Converter

We shall analyze a frequency mixer, or frequency converter, used to change the carrier
frequency of a modulated signal m(z) cos w.t from w, to some other frequency w;.

This can be done by multiplying m(z) cos Wt by 2cos wmict, where Wmix = W, + w; Or
@c — wy, and then bandpass-filtering the product, as shown in Fig. 4.7a.
The product x(z) is

x(t) =2m(t) cos w,t cos Wit

= m(t)[cos (w, — Wmix)? + cos (we + Wmix)?]

If we select wpi, = we — Wy,

x(t) = m(t)[cos w;t + cos (2w, — wp)t]

If we select wmix = w, + w;,

x(t) =m(t)[cos wst + cos Quw, + w)t]

In either case, a bandpass filter at the output, tuned to w;, will pass the term m(t) cos wyt
and suppress the other term, yielding the output m(r) cos w,z.* Thus, the carrier frequency
has been translated to w; from w,. _

The operation of frequency mixing, or frequency conversion (also known as hetero-
dyning), is identical to the operation of modulation with a modulating carrier frequency
(the mixer oscillator frequency wpmiy) that differs from the incoming carrier frequency
by w;. Any one of the modulators discussed earlier can be used for frequency mixing.
When we select the local carrier frequency wmix = w. + w;, the operation is called
up-conversion, and when we select wnix = w, — wy, the operation is down-conversion.

m(t) cos w,t x(t) Bandpass m(t) cos wyt
filter
tuned to w,

2 cos (w, & wy)
(a)

[\
€
[\
€
a
+A "
€
~

0 w; 20, = w;

l (b)

Figure 4.7  Frequency mixer or converter.
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EXAMPLE 4.4 Sketch ¢,,, (¢) for modulation indices of 4 = 0.5 and ;& = 1, when m(1) = B cos w,,t. This

case is referred to as tone mod i
ulation becau ; : : . .
tone). se the modulating signal is a pure sinusoid (or

u=20.5
p=1

1 +0.5 cos w,,t

TR @ 5 nle 2pk @ugk
Fan k) -.@r_*lmm ek "' 1A tom, ] out

Figure 4.9 Tone-modulated AM. (a) & = 0.5. (b) & =

g n
positivi eak amplitude
In case the negative and the ositive p plituaes are not lan[]Cal, my, in condition (4 9b) is the absolute

p = 1. Smaller values of u degrade efficiency further. For this reason volume compression and
peak limiting are commonly used in AM to ensure that full modulation (1 = 1) is maintained

most of the time.

EXAMPLE 4.5 Determine 7 and the percentage of the total power carried by the sidebands of the AM wave
for tone modulation when (a) u = 0.5 and (b) . = 0.3.

For u = 0.5, ,
W (0.5)%
n= 7100%:—————;100%:11.11%
24 - 2 + (0.5)*
Hence, only about 11% of the total power is in the sidebands. For u = 0.3,
(0.3)?
= ——"_100% = 4.3%
=20 ’

Hence, only 4.3% of the total power is the useful power (power in sidebands).

Figure 4.10 AM generator.
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Figure 4.11  Rectifier detector for AM.

* By AM, we mean the case u < 1.

N - - O

, _L +
AM signal C) C @ v (1)
- : )
- e O

(a)

Envelope detector output

RC too large .
O nvelope LR

T

(b) I SO | A .-

—

Figure 4.12  Envelope detector for AM.
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ExAmPLE 4.6

For tone modulation (Example 4.4), determine the upper limitof RC to ensure that the capacitor
voltage follows the envelope.

Figure 4.13 shows the envelope and the voltage across the capacitor. The capacitor
discharges from the peak value E starting at some arbitrary instant ¢ = 0. The voltage v¢
across the capacitor is given by

ve = Ee-l/RC

Because the time constant is much larger than the interval between the two successive
cycles of the carrier (RC >> 1/w,), the capacitor voltage v¢ discharges exponentially for
a short time compared to its time constant. Hence, the exponential can be approximated
by a straight line obtained from the first two terms in Taylor’s series for £e~"/RC,

t
~FE(] - —
v ( RC>

The slope of the discharge is —E£/RC. In order for the capacitor to follow the envelope
E(r), the magnitude of the slope of the RC discharge must be greater than the magnitude
of the slope of the envelope E(r). Hence,

dvc E dE
— == (4.12)
de RC dt
Capacitor voltage
. (RC discharge)
T E(l —1/RC)
j Envelope
[ —

Figure 4.13  Capacitor discharge in an envelope detector.

But the envelope E (1) of a tone-modulated carrier is [Eq. (4.11)]

E(t) = A[l + pcos wpt]
6—15 = — AW, Sin Wyt
dt

Hence, Eq. (4.12) becomes

A(l + pcoswpt)

> WAWp, SIN Wyt forall ¢
RC
or
RC < 1+ pcoswmt for all ¢

Wy SIN Wyt

The worst possible case occurs when the right-hand side is the minimum. This 1s found
(as usual, by taking the derivative and setting it to zero) to be when cos w,,t = — L. For
this case, the right-hand side is /(1 — 1?)/pnw,,. Hence.

1 < J1= u:\

RC < —
M /

Wm
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Figure 4.15

SSB spectra.
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Single Sideband (SSB)

Both DSBSC and conventional AM are inefficient in their use of bandwidth. In a situation
where it is necessary to carry as many communication channels as possible in a limited
spectral space, this inefﬁcienC}; cannot be tolerated. For intellegible speech over telephone
circuits a bandwidth of 300 to 3.4kHz is adequate.

/\l\/;\

3.4kHz
DSBSC Modulation,
carrier F Hz
PANVANN l AN A K
] A d T 7
-F N\ Bandpass filter 4 ¢«— 68kHz —
to select lower
sideband

SSB for telephone-quality speech

The bandwidth occupied by the DSBSC modulated signal is twice that at baseband, or
6.8kHz. This is an obvious waste, as the SAME information on which frequency
components are present is available in each sideband: removing one or other of them
would halve the frequency space required. The sideband selected can be isolated by a

sharp-cut bandpass filter.

In practice, the design of the isolating filter is not straightforward, because of the need for
a very narrow transition region from stopband to passband. This is assisted by the 600z
gap between the sidebands, and means that SSB is only really suitable for signals withou:

significant low-frequency energy.



Figure 4.21  Spectra of the modulating sig-

nal and corresponding DSB, SSB, and VSB
signals.

(b) DSB
<>
I ssa(w) (¢) SSB
—w, |
q’vss(w) (d) VSR

* This is true for the North American hierarc

hy. Inthe CCITT hierarchy, a basic mastergroup is formed by multiplexing
five supergroups (300 voice channels).
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EXAMPLE 4.8

The carrier frequency of a certain VSB signal is @e = 20 kHz, and the baseband signal
bandwidth s ¢ kHz. The vsB shaping filter H;(w) at the input, which cuts off the lower
sideband gradually over 2 kHz, is shown in Fig. 4,234, Find the Output filter A, (@) required
for distortionlesg reception,

S kHz —

S kHz —

S kHz —

Figure 4.23 g out filter.

Figure 4.23p shows the low-pass S€gments of Hi(w+ ;) + H; (w— @¢). We are interested
in this Spectrum only oyer th ini i ion j

by the output filter). Thjg Spectrum is 0.5 gyer the band of () ¢, 2 kHz, and ig Tover2to
6 kHz, as showp in Fig. 4.23p, Figure 4.23¢ shows the desired output filter A, (@), which
. . - ]
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Linear Modulation

 J

Standard Amplitude
Modulation (AM)

v

Upper & Lowe

Spectral Sidebands + Carrier
Content
Wave
Power Powerful Transmitter
Receiver Relatively _Cheap To
Build
AM Radio
Use Broadcasting

Double Sideband-
Suppressed Carrier
(DSB-SC)

v

Upper and Lower
Sideband only

v

The suppression of
carrier waves means
much less power
than standdard AM

v

Increased Receiver
Complexity

v

Point-to-point communication
involving 1 Tx and 1 Rx
Transmitted Power is at

premium therefore the used of

complex receiver is justifiable

 J

Single Sideband
(SSB)

A

v

Vesitge Sideband
Modulation (VS)

Only Upper sideband
or lower sideband

v

v

Almost the whole of
the sideband + a
"Vestige" of the
other sideband

Optimum in the sense
that it requires min Tx
power and minimum
Channel Bw

v

v

SSB < Bandwidth <
DSB-SC

Complex

v

v

Complex

Large distance

transmission of
voice signal over
metallic circuits

v

TV
High speed data






