Solution tr Assignment 3

Problem 1
(a) The impulze response of the matched filter is
hin = s(T-0
The 5{f) and h(f) are shown below:
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(b) The comesponding output of the matched filter is obtained by convolving A{f) with 5(7). The result is
shown below:
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(c) The peak value of the filter output is equal to 4°74, ocoming at ¢ = T.

The output of the low-pass RC filter, produced by a rectangular pulse of amplitude A and duration
T, is a8 shown below:
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The peak value of the output pulse power is

Poy = A%[1-exp(-2nf,T))°



where fp is the 3-dB cutoff frequency of the RC filter.

The average output noise power is
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The corresponding vatue of the output signal-to-noise ratio is therefors
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(SNR),, = mn-exp(-zufor)]

Differentiating (SNR), with respect to /7 and setting the result equal to zcro, we find that
(SNR),; attains its maximum value at

. 02
fo = T
The comesponding maximum value of (SNR)gy is
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For a perfect matched filter, the output signal-to-noise ratio is
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Hence, we find that the transmitted energy must be increased by the ratio 2/1.62, that is, by 0,92
dB so that the low-pass RC filter with f, = 0.2/T realizes the same performance as a perfectly

matched filter,

Problem 3

The average probability of error is

Po = p1 [* 3y I0dx « py [ fy(y lodix 6]

An optimum choice of A corresponds to minimum P,. Differentiating Eq. (1) with respect to A, we get:

f_:%_e = pafy O [1) - pofia l0)
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Setting % = 0, we get the following condition for the optimum value of A:

fylop I _ B0
Ty(Mope D m
which is the desired result.
Problem 4
(8) The average probability of error iz

E
P, = jerf J;ra

where Ey = 42T, We may rewrite this foxmmla as

P, = %ert‘c(Jé) )

where A is the pulss amplitnde st ¢ = ﬁol‘b.Wemyviewnzasphyingﬂmmhni‘misevaﬁme
at the decision device imput. Let

= [2_4
No [+

=100 wits®, o =01 volt

P,=10"

Since P, is quite small, we may approximate it as follows:
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We may fims rewrite Eq. 1 as (with P, = 10%)

op-i) - _ 1B
—2—.qu =10
Solving this equation for i, we get
u =397
The conesponding vaine of the pulse emplitude is
A=ou=0.1x3/97
=0.397 volis

() Let &} denote the combined variance due to noise and interfirence; that is
c“:.= o"+c,2
where o7 is due to noise and o is due to the interfisence. The new value of the average probability
of erroris 1075, Hence
107 = %erfc(:—’)

= Jerfeup) @
where
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Solving for a5 we get
u, = 337
Thecomspondhgwimofc?-is
A2 e 2
o= ( _3_3_7. 0.0138 voits

The variance of the interfierence iz thevefore
o =00
= (0.0138—0.01

= 00038 volts®

Problem 5

The bandwidth B of a raised cosine pulse spectram is 21F - fj, where W= 12T, and f; = (1

B= M1 + o). For a data mate of 56 kilobits per second, W= 28kHz.

(@) For a=025,
B=28kHzx 125

=35kHz

®) B=28kHzx 1.5
=42 kHz

©) B=49kHz

@ B=56kHz

Problem 6

(2) For a wmity wolloff, raised cosine pulse spectrum, the bandwidth B equals 17T, wheve T is the pulse
length. Therefore, T in this case is 1/12 kHz Quarternaxy PAM ensures 2 bits per pulse, so the rate of
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-a). Thus

(b) For 128 quantizing levels, 7 bits are required to transmit an amplinde. the additional it for
synchronization

makes each code word 8 bits. The signal is transmitted at 24 kilobifz/s, zo it mmst be

sampled at
24 hits/s
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The maxinmm possible value for the signal’s kighest frequency component is 1.5 kHz, in order to avoid



