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Question 1
Consider the block diagram of Fig. [1) where
1. m(t) is a lowpass message with the bandwidth 17.

. The output of the USSB modulatoris u(t) = A, ., [m(t) cos(2m fey gs5t)—10(t) sin(27rchSSBt)] .

. The FM modulator has the index 3, andits outputis v(t) = A.,,, cos(27 fep.,, t+27ky f T)dT).

. The FM demodulator is an ideal FM receiver.
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4. The USSD demodulator is an ideal coherent receiver.

5

6. The required filters in the modulators and demodulators are ideal.
7

. nw(t) is an AWGN noise with the power spectral density %
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Figure 1: Cascade of USSB and FM modulations.

(a) Calculate the occupied bandwidth on the channel.

Here u(t) acts a message with the bandwidth B,, = f., sz + W for the FM modulator.
Therefore, the occupied bandwidth equals

By, = 2(/3)” + 1)Bu = 2(Bf + ]‘)(fCUSSB + W)

(b) Calculate the power transmitted to the channel.

The power injected to the channel is simply

2
I% ACFM
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(c) Assuming high SNR conditions, find the SNR of u(t).

We know that By, = fo,5 + Wand P, = A2 P, So,
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(d) Assuming high SNR conditions, find the SNR of m/(t).

The output of the FM demodulator is

R 1 dY,(t
a(t) = kpu(t) + or ;; )
1 dY,(t
= kaCUSSBm(t) COS(27TfCUSSBt) - kaCUSSB m(t) Sln(27rfCUSSB )+ o dt( )

, where the PSD of the noise part .t 221 i AéVO F2for f € [~ fevsss — W, fevsss + W]

2

When 4(t) passes the USSB demodulator the output is

s kf 1

(t) = ZUSE L i) + (1

, where n.(t) is the in-phase component of a colored noise, generated from bandpass fil-
tering 5~ s dY”( , with the power spectral density

N
AQFOM f2’ fCUSSB <f< fCUSSB + W
N
2 OM f27 _fCUSSB -W< f < _fCUSSB
0, otherwise

. The power of in-phase component of the noise is
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CFM

Ny
- 6.A2 [3 CZUSSBW + 3fCUSSB w2 + W3]
CFM

NoW
- 6.A42 [3fc2usss + 3fCUSSBW + WQ}

CFM

Further,
A2 k} P

CUSSB
Finally,
Pso 3A§FM AEUSSB kam
P,

C2NoW[3f2 __ + 3feugenW + W2
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