EE3700 — Communications |

Tutorial 2 - Solution

1. Figure 1 shows the waveform for a copper-modulated sine wave. This
modulated wave is applied to a demodulator consisting of amixer and an ided
low-pass filter with a pass band amplitude response of 1 and a bandwidth of B
Hz. The LO input of the mixer is supplied with alocally generated carrier
signal 10 cos(2xft + ¢) volts.

a) Find the spectrum at the output of the mixer assuming ¢=0.

b) If f = 100kHz, $=0 and modulation frequency f, isin the range from
10Hz to 1kHz, specify the permissible range of the filter bandwidth B
to alow only the modulating signal at the filter output.

ﬂ"r-l‘“r‘ Envelope = 10 cos (2%f, 1) volts
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Figure 1

2. A Double SideBand (DSB) signal is demodulated by applying it to a
synchronous detector. Evaluate the effect of afrequency error Af in the local
carrier frequency of the receiver, measured with respect to the actual carrier
frequency of the DSB signal. For the case of atone modulated wave, show
that because of the frequency error, the demodulated wave will exhibit “beats’
at the error frequency. Use a sketch to demonstrate the effect.

3. Onecircuit that can be used to synchronously demodulate a DSB signal isthe

Costareceiver. The block diagram of this circuit is shown in Figure 2.
Describe how this circuit works.
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Costas Receiver

One method of obtaining a practical synchronous receiver system, suitable for
demodulating DSB-SC waves, is to use the Costas receiver’ shown in F ig. 3.15. This
receiver consists of two coherent detectors supplied with the same input signal,
namely, the incoming DSB-SC wave A, cos(2mf.t)m(t), but with individual local
oscillator signals that are in phase quadrature with respect to each other. The
frequency of the local oscillator is adjusted to be the same as the carrier fre-
quency f, which is assumed known a priori. The detector in the upper path is
referred to as the in-phase coherent detector or I-channel, and that in the lower path
is referred to as the quadrature-phase coherent detector or Q-channel. These two de-
tectors are coupled together to form a negative feedback system designed in such
a way as to maintain the local oscillator synchronous with the carrier wave.

To understand the operation of this receiver, suppose that the local oscillator
signal is of the same phase as the carrier wave A, cos(27f t) used to generate the
incoming DSB-SC wave. Under these conditions, we find that the Ichannel out-
put contains the desired demodulated signal m(t), whereas the (Q-channel output
is zero due to the quadrature null effect of the Qchannel. Suppose next that the

ians. The
local oscillator phase drifts from its proper value b}(zi a bsmaltl1 ang::.ilf) rrl*z:ivu:)r;ssome
i i ially unchanged, but there
Ichannel output will remain essentially ange ; £ e 400

signal appear&g at the Qchannel output, which is propqrtlonal tojr 51£¢ = l¢0 ;)::
sriall ¢. This Qchannel output will have the same po};nty as 'tthe ;a:i.g ol

irecti f local oscillator phase drift and opposite pc '
D e dtecdom e i drift. Thus, by combining the F and

ite direction of local oscillator phase dritt. s, by ling th

OpphoaS;fe?gzi;Eg in a phase discriminator (which consists of a mulltlphcrl iol(llo:»l:lei

l()}ca low-pass filter), as shown in Fig. 3.15, a dc control signal is ;)bta%l; o
al};tornatically corrects for local phase errors in the vot‘tcfge-contro&e O-SE ciula_
It is apparent that phase control in the Costas receiver ceases wit m;)mOd
ished with the reappearance o -

i t phase-lock has to be reestablishe v ' : ral

UETZ_ 22 dTE:l]iz ifnot a serious problem when receiving vcuc? trar}smllss.lon, bec[zf\l;nls:
3':3 110(:1.<-up process normally occurs so rapidly that no distortion is perceptible.
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