
ECE 544 Fall 2013
Problem Set 4

Due September 23, 2013

1. Read Chapter 5 of M. B. Pursley, Introduction to Digital Communications (MBP).

2. MBP Problems 4.9, 5.3, 5.6

3. Ziemer & Tranter, Principles of Communications (ZT), Problem A.5.

4. ZT Problem A.7.

5. ZT Problem A.12 (skip part (d)).



Relay-User Link Example of Section A.3







6. The block diagram below shows the front end of an AM DSB communication system.
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The input signal is an AM DSB waveform where the message is sinusoidal, i.e.,

x(t) = AcAm cos(2πfmt) cos(2πfct)

(fm � fc). We model x(t) as a deterministic power signal for simplicity. The triangularly
shaped IF filter Hif (f) has bandwidth 2W where 0 < W < fc. The goal of the problem is to
choose W to maximize SNRT , the ratio of the power of the signal part in xif (t) to the power
of the noise part in xif (t) .
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(a) Signal:

– Find the signal component in the output of the IF filter, i.e., x ∗hif (t), as a function
of W , 0 < W < fc. It is helpful to consider two cases: 1) when 0 < W < fm and 2)
when fm ≤W < fc.

– Then find the power of the above signal component in terms of the fixed parameters
Ac, Am, fm and the variable W .

– Make a rough sketch of this power as a function of W , 0 < W < fc, and comment.

(b) Find the power of the noise component in the output of the IF filter, i.e., nw ∗ hif (t), as
a function of W , 0 < W < fc, roughly plot it, and comment.

(c) Now find SNRT as defined above and comment on its general behavior as a function of
W , 0 < W < fc.

(d) Find the value W∗ maximizing SNRT as a function of W , 0 < W < fc.

(e) Let SNRT∗ be the maximum SNR obtained in (d). What is the degradation in dB of
this triangular IF filtering scheme compared to the best one could do with the “classical”
rectangular IF filters we examined in class?

7. The model for analysis of FM discriminator detection in AWGN assumes a receiver front end
consisting of a bandpass filter coming before the discriminator. This front end is shown in the
figure below. The BW of the bandpass filter is Bt and is set equal to a value needed to pass
the FM wave with minimal distortion.

(a) The signal e(t) at the output of the bandpass filter is the sum of the FM wave of power
PT = A2

c and the filtered noise n(t) = [hBP ∗ nw](t). Sketch the power spectral density
Sn,n(f) of the filtered noise. Compute the power in the noise n(t) and write down the
SNR at the output of the bandpass filter.

(b) Let the in-phase/quadrature expansion of n(t) be

n(t) =
√

2nI(t) cos(2πfct)−
√

2nQ(t) sin(2πfct)

where nL(t) = nI(t) + jnQ(t) is the complex envelope of n(t). Find and sketch the power
spectral densities of nL(t), nI(t), and nQ(t). Compute the power in each of these random
processes. For the scenario given here, what is the cross-correlation function between the
in-phase and quadrature components of the noise nI(t) and nQ(t)?



(c) In the class notes we derived the following expression for the SNR at the output of a
discriminator demodulator

SNRD = K

(
Bt
W

)2(
PT
N0W

)
.

In the above equation W is the baseband bandwidth of the message used to modulate
the FM wave and Bt/W is the bandwidth expansion factor.

In commercial FM broadcast the maximum frequency deviation of an FM wave is limited
to 75 kHz by FCC regulation. The message bandwidth is W = 15 kHz. Using Carson’s
rule find the transmission bandwidth Bt. For these parameters find the factor by which
demodulated SNR is improved relative to baseband transmission (express both as a ratio
and in dB). You may assume K = 1 for simplicity.

(d) As mentioned in class the expression for SNRD would seem to indicate that the im-
provement over baseband transmission can be made arbitrarily large by increasing the
transmission bandwidth. However, the large SNR assumption used to derive the expres-
sion will eventually break down. The class analysis was based on the assumption that
Ac � |nL(t)|. Recall that

R = |nL(t)| =
√
n2I(t) + n2Q(t)

is a Rayleigh random variable with pdf

fR(r) =
r

σ2
e−r

2/2σ2

for r ≥ 0

where σ2 = Power{nI(t)}. Suppose that we define the high SNR region to be the case
where

Pr{|nL(t)| ≤ 0.1Ac} ≥ 0.9.

Use this definition of high SNR to find a lower bound on PT /(N0W ) above which the
class expression for SNRD holds. The lower bound will be of the form

some simple function of

(
Bt
W

)
≤ PT
N0W

.

(e) Evaluate the lower bound for the broadcast FM parameters of Part (c).


