Digital Communication
2018–Ch6 exercises
Problem 1










 A channel is said to be distortionless if the response  to an input  is , where  and  are constants. Show that if the frequency response of the channel is , where  and  are real, the necessary and sufficient conditions for distortionless transmission are  and 

Problem 2
Suppose a digital communication system employs Gaussian-shaped pulses of the form

							








To reduce the level of interference to a relatively small amount, we impose the condition that , where T is the symbol interval. The bandwidth  of the pulse  is defined as that value of  for which , where  is the Fourier transform of . Determine the value of  and compare this value to that of raised cosine spectrum with 100 percent rolloff.

Problem 3
A voice-band telephone channel passes the frequencies in the band from 300 to 3300 Hz. It is desired to design modem that transmits at a symbol rate of 2400 symbols/s, with the objective of achieving 9600bits/s. Select an appropriate QAM signal constellation, carrier frequency, and the roll-off factor of a pulse with a raise cosine spectrum that utilizes the entire frequency band. Sketch the spectrum of the transmitted signal pulse and indicate the important frequencies.

Problem 4
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Problem 5


A communication system for a voice-band (3 kHz) channel is designed for a received SNR at the detector of 30 dB when the transmitter power is . Determine the value of  if it is desired to expand the bandwidth of the system to 10 kHz, while maintaining the same SNR at the detector.

Problem 6
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Problem 7
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Problem 8
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Problem 10
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image16.png
The binary sequence 10010110010 1s the mput to a precoder whose output 1s
used to modulate a duobinary transmitting filter. Construct a table that showing
the precoded sequence, the transmitted amplitude levels, the received signal
levels, and the decoded sequence.

Repeat A for a modified duobinary signal pulse.
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2 In a binary PAM system, the input to the detector is
IYm = am A+ M i

where a,, = %1 is the desired signal, n,, is a zero-mean Gaussian random variable with
variance 0,2, and i,, represents !hc ISI due lo channel distortion. The ISI tsrm is a random
variable that takes the values —1, 0, and 1 with probabxlmes 1,1, and 1, respectively.
Determine the average probab:hty of error as a function of o2
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The elements of the sequence {a,}i=_~ are independent binary random variableg
taking values of &1 with equal probability. This data sequence is used to modulate
the basic pulse g(7) shown in Figure P9.22a. The modulated signal is

+00

Xl = Z a,g(t —nT)

n=—oc

) Find the power spectral density of X(1).

b) If gi(r) (shown in Figure 9.22b) is used instead of g(), how would the power
spectrum in (a) change?

¢) In (b) assume we want to have a null in the spectrum at /"= 1/3T. This is done by
a precoding of the form b, = a, + ad,_;. Find the « that provides the desired
null.

d) Ts it possible to employ a precoding of the form b, = a, + Z,’\;l a;a,_; for some
finite N such that the final power spectrum will be identical to zero for
1/3T < |f] < 1/2T? If yes, how? If no. why? [Hint: Use properties of analytic
functions.]

g() & FIGURE P9.22
A A
0 /i >1 0 2T$t

(a) (b)
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A voice-band telephone channel has a passband characteristic in the frequency

range 300 Hz </ < 3000 Hz.

a) Select a symbol rate and a power efficient constellation size to achieve 9600 bits/s
signal transmission.

h) If a square-root raised cosine pulse is used for the transmitter pulse g(7). select the
roll-off factor. Assume that the channel has an ideal frequency-responsc char-
acteristic.
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The frequency-response characteristic of a lowpass channel can be approximated by

_ J 1+ acos2nfi lel <L |fl<W
H(f) = {0 otherwise

where W is the channel bandwidth. An input signal s(r) whose spectrum is band-limited
to W Hz is passed through the channel.
a. Show that

1
y() =s(t) + Ea[s(t —10) + s(t + 19)]

Thus, the channel produces a pair of echoes. ;
b. Suppose that the received signal y(#) is passed through a filter matched to s(¢). Determine
the output of the matched filter at # = k7', k = 0, +1, +2, ..., where T is the symbol
duration.
c. What is the IST pattern resulting from the channel if ty = T2
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A wireline channel of length 1000 km is used to transmit data by means of binary
PAM. Regenerative repeaters are spaced 50 km apart along the system. Each segment
of the channel has an ideal (constant) frequency response over the frequency band
0 = f = 1200 Hz and an attenuation of 1 dB/km. The channel noise is AWGN.

a. What is the highest bit rate that can be transmitted without ISI?

b. Determine the required £,/ N, to achieve a bit error of P, = 1077 for each repeater.
¢. Determine the transmitted power at each repeater to achieve the desired Ep/ No, where

No = 4.1 x 107! W/Hz.
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