
ECE 44000 (Fall 2022)
HW 5 (Probs. 18–24)

Due: 10/12/2022

Problem 18: Z&T (7th Edition) Problem 6.16.

Problem 19: Z&T (5th Edition) Problem 4.281.

Problem 20:
A DSB-SC modulated signal is transmitted over an additive noise channel where the psd of the noise
is given by

Sn(f) =

{
1− |f |

400 |f | < 400
0 |f | ≥ 400

where the units of f are kHz and the units of Sn(f) are µJ. The message bandwidth is 4 kHz and
the carrier frequency is 200 kHz. Assuming that the average power of the modulated wave is 10 W,
determine the output signal-to-noise ratio of the receiver.

1A minor variation of Problem 6.28 in the 7th edition.
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Problem 21: Z&T (7th Edition) Problems 7.3 and 7.5.
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Problem 22: Z&T (7th Edition) Problem 7.19.

Problem 23: A general model for passband communications is based on the block diagram shown
below:
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The message m(t) will be modeled as a WSS random process with autocorrelation/psd Rm(τ)↔
Sm(f) and bandlimited

Sm(f) = 0 for f > W.

The noise nw(t) is also modeled as a WSS random process which is Gaussian, white, i.e.,

Rnw(τ) =
N0

2
δ(τ)
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Snw(f) =
N0

2
for −∞ < f <∞,

and statistically independent of m(t) and any other random parameters of the communications
model. For the purposes of this problem we will also assume that Hchan(f) = 1.

The purpose of this problem is to compute the signal-to-noise (SNR) power ratio at IF (i.e.,
associated with xif (t) in the block diagram). Since m(t) is low-pass, the modulated signal x(t) will
be bandpass. In addition, we will assume that the bandpass filter HBP (f) in the block diagram
passes the signal part without distortion, i.e., x ∗ hBP (t) = x(t). Therefore,

xif (t) = x ∗ hBP (t) + nw ∗ hBP (t)

= x(t) + n(t)

where n(t) is a bandpass Gaussian noise with zero mean and psd of height N0/2 and shape identical
to that of HBP (f).

Then the SNR at IF is defined to be

SNRif
def
=

power[x(t)]

power[n(t)]

=
Rx(0)

2N0B

assuming x(t) is WSS and we can find its autocorrelation and/or psd.

(a) For AM DSB-SC assume
x(t) = Acm(t) cos(2πfct+ Θ)

where Θ is uniform on [0, 2π) and statistically independent of message and noise.

– Find the auto-correlation and psd of x(t). For a representative shape for Sm(f) sketch a
plot of Sx(f).

– Specify the BPF so that x ∗ hBP (t) = x(t) and the noise n(t) has minimum power.

– Compute SNRif .

(b) Repeat (a) for AM LC
x(t) = Ac[1 + kam(t)] cos(2πfct+ Θ).

(c) Repeat (a) for SSB

x(t) = 0.5Acm(t) cos(2πfct+ Θ)± 0.5Acm̂(t) sin(2πfct+ Θ).

Problems 24: The three linear modulations AM DSB-SC, AM LC, and SSB have the identical
coherent demodulator architecture shown in the figure below:

xif (t) yD(t)
HLP (f)

cos(2πfct + Θ)

Use the standard assumptions on message, noise, and phase angle and compute the SNR at the
demodulator output for the three linear modulations above.
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