Ch6 exercises solution
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The following table shows the precoded sequence, the transmitted amplitude levels, the received
signal levels and the decoded sequence, when the data sequence 10010110010 modulates a duobinary
transmitting filter.

Data seq. D,,: 1 00 1 01 1 0 01 0
Precoded seq. P,: o1 11 0 01T 0 0 011
Transmitted seq. ,,: | -1 1 1 1 -1 -1 1 -1 -1 -1 1 1
Received seq. By,: 022 0 -2 0 0 -2 20 2
Decoded seq. D,,: 1 00 1 01 1 0 01 0

The following table shows the precoded sequence, the transmitted amplitude levels, the received
signal levels and the decoded sequence, when the data sequence 10010110010 modulates a modified
duobinary transmitting filter.

Data seq. Dy 1 00 10 1 1T 0 0 1 0
Precoded seq. Py o o0 1 01 11 0 0 0 0 1 0
Transmitted seq. /,: |-1 -1 1 -1 1 1 1 -1 -1 -1 -1 1 -1
Received seq. B,,: 2 00 2 0 -2 2 0 0 2 0
Decoded seq. D,,: 1 00 1 0 1 1 0 0 1 0
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The SNR at the detector is :

& BT P(1+p)
2 T 30dB
No N Now 0

Since it is desired to expand the bandwidth by a factor of 15—0 while maintaining the same SNR,
the received power P, should increase by the same factor. Thus the additional power needed is

1
P, = 10log;, ?O =5.2288 dB

Hence, the required transmitted power is :

Ps = —3 4 5.2288 = 2.2288 dBW
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(a) The power spectral density of X (t) is given by (see (4-4-12))

() = 2R(NIG P

The Fourier transform of g(t) is

Gr(f) = Fla(t) = AT e

Hence,

IGr(IF = (AT)*sinc*(fT)

and therefore,
©,(f) = AT, f)sinc(/T) = A*Tsinc’(/T)

(b) If gy(¢) is used instead of g(t) and the symbol interval is T, then

©() = F(NG(F
= %(Am*sanci( f2T) = 4A*Tsinc®(f2T)

(c) If we precode the input sequence as b, = a, + aa,_s, then
1+a® m=0
Gy(m) = a m==3
0 otherwise
and therefore, the power spectral density ®;(f) is
@y(f) = 1+ a® + 2acos(27f3T)
To obtain a null at f = 3, the parameter a should be such that

1+a®+ 2acos(2nf3T),_, =0=>a=-1

(c) The answer to this question is no. This is because @y(f) is an analytic function and unless
it is identical to zero it can have at most a countable number of zeros. This property of the
analytic functions is also referred as the theorem of isolated zeros.
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The bandwidth of the channel is :

W = 3000 — 300 = 2700 Hz

Since the minimum transmission bandwidth required for bandpass signaling is R, where R is
the rate of transmission, we conclude that the maximum value of the symbol rate for the given
channel is Rya = 2700. If an M-ary PAM modulation is used for transmission, then in order to
achieve a bit-rate of 9600 bps, with maximum rate of Rpax, the minimum size of the constellation
is M = 2F = 16. In this case, the symbol rate is :

9600

R= - = 2400 symbols/sec

and the symbol interval T = £ = 7 sec. The roll-off factor 3 of the raised cosine pulse used

for transmission is is determined by noting that 1200(1 + ) = 1350, and hence, § = 0.125.
Therefore, the squared root raised cosine pulse can have a roll-off of g = 0.125.
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We want y(t) = Kz(t — to). Then :

X(f) = [ w(t)e > e
Y(f) = 25 ()7t = K expl(—j2r fto) X (f)

Therefore :

~ A(f) =K for all f
JO(f) — 72 ft )
A(f)e = Kemrit =>{ 0(f) =2rftotnm, n=0,1,2,..

Note that nm, n odd, results in a sign inversion of the signal.
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1
2(t) = e = X(f) = —e
a

Hence : 1 1
X(0) =~ X _ ——mW?/a?
(0) =2, X(W) = e
We have : xX(w) )
_ —W?/a® _ 2_ _ 4
X0) 001=e 0.01=W — In(0.01)
But due to the condition for the reduced ISI :
o(T) =™ =001=T = L In(0.01)
’ Ta? ’

Hence WT = =2 1n(0.01) = 1.466 or :

1.466
W= T

For the raised cosine spectral characteristic (with roll-off factor 1) W = 1/T. Hence, the Gaussian
shaped pulse requires more bandwidth than the pulse having the raised cosine spectrum.
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The bandwidth of the bandpass channel is :
W = 3300 — 300 = 3000 Hz

In order to transmit 9600 bps with a symbor rate R = % = 2400 symbols per second, the number
of information bits per symbol should be :

9600
72400

Hence, a 2! = 16 QAM signal constellation is needed. The carrier frequency f. is set to 1800
Hz, which is the mid-frequency of the frequency band that the bandpass channel occupies. If a
pulse with raised cosine spectrum and roll-off factor /3 is used for spectral shaping, then for the
bandpass signal with bandwidth W :

k 4

1 w
371+ 0) =5 = 1500 = § = 0.25

A sketch of the spectrum of the transmitted signal pulse is shown in the next figure.
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