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Homework 8

Reading Part for next Wednesday: Chapter 4 until and including Section 4.4.2 (Grow-

ing BT Linearly with k).

Problem 1. (Matched Filter Implementation)

In this problem, we consider the implementation of matched filter receivers. In particular,

we consider Frequency Shift Keying (FSK) with the following signals:

sj(t) =

� �
2
T cos 2π

nj

T t, for 0 ≤ t ≤ T,

0, otherwise,

(1)

where nj ∈ Z and 0 ≤ j ≤ m − 1. Thus, the communications scheme consists of m signals

sj(t) of different frequencies
nj

T

1. Determine the impulse response hj(t) of the matched filter for the signal sj(t). Plot

hj(t).

2. Sketch the matched filter receiver. How many matched filters are needed?

3. For −T ≤ t ≤ 3T , sketch the output of the matched filter with impulse response hj(t)

when the input is sj(t). (Hint: You may do a qualitative plot or use use Matlab.)

4. Consider the following ideal resonance circuit:

CL

i(t)

u(t)



For this circuit, the voltage response to the input current i(t) = δ(t) is

h(t) =
1

C
cos

t√
LC

. (2)

Show how this can be used to implement the matched filter for signal sj(t). Determine

how L and C should be chosen. (Hint: Suppose that i(t) = sj(t). In that case, what

is u(t)?)

Problem 2. (On-Off Signaling)
Consider the binary hypothesis testing problem specified by:

H = 0 : Y (t) = s(t) +N(t)

H = 1 : Y (t) = N(t)

where N(t) is AWGN (Additive White Gaussian Noise) of power spectral density N0/2 and

s(t) is the signal shown in the left figure.

1. Describe the maximum likelihood receiver for the observable Y (t), t ∈ R.

2. Determine the error probability for the receiver you described in (1).

3. Can you realize your receiver of part (1) using a filter with impulse response h(t) shown

in the right figure?
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Problem 3. (Receiver for Non-White Gaussian Noise)
We consider the receiver design problem for signals used in non-white additive Gaussian

noise. That is, we are given a set of signals {sj(t)}m−1
j=0 as usual, but the noise added to those

signals is no longer white; rather, it is a Gaussian stochastic process with a given power

spectral density

SN(f) = G
2
(f), (3)

where we assume that G(f) �= 0 inside the bandwidth of the signal set {sj(t)}m−1
j=0 . The

problem is to design the receiver that minimizes the probability of error.
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1. Find a way to transform the above problem into one that you can solve, and derive

the optimum receiver.

2. Suppose there is an interval [f0, f0+∆] inside the bandwidth of the signal set {sj(t)}m−1
j=0

for which G(f) = 0. What do you do? Describe in words.

Problem 4. (QAM Receiver)
Consider a transmitter which transmits waveforms of the form,

s(t) =

�
s1

�
2
T cos 2πfct+ s2

�
2
T sin 2πfct, for 0 ≤ t ≤ T,

0, otherwise,

(4)

where 2fcT ∈ Z and (s1, s2) ∈ {(
√
E,

√
E), (−

√
E,

√
E), (−

√
E,−

√
E), (

√
E,−

√
E)} with

equal probability. The signal received at the receiver is corrupted by AWGN of power spectral

density
N0
2 .

1. Specify the receiver for this transmission scheme.

2. Draw the decoding regions and find the probability of error.

Problem 5. (Signaling Scheme Example)
We communicate by means of a signal set that consists of 2

k
waveforms, k ∈ N. When the

message is i we transmit signal si(t) and the received observes R(t) = si(t) + N(t), where

N(t) denotes white Gaussian noise with double-sided power spectral density
N0
2 . Assume

that the transmitter uses the position of a pulse ψ(t) in an interval [0, T ], in order to convey

the desired hypothesis, i.e., to send hypothesis i ∈ {0, 1, 2, · · · , 2k−1}, the transmitter sends

the signal ψi(t) = ψ(t− iT
2k ).

1. If the pulse is given by the waveform ψ(t) depicted below. What is the value of A that

gives us signals of energy equal to one as a function of k and T?

ψ(t)

A

0 T
2k

t

2. We want to transmit the hypothesis i = 3 followed by the hypothesis j = 2
k − 1. Plot

the waveform you will see at the output of the transmitter, using the pulse given in

the previous question.

3. Sketch the optimal receiver. What is the minimum number of filters you need for the

optimal receiver? Explain.

4. What is the major drawback of this signaling scheme? Explain.
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