ECE 146B Spring 2008

Gibson Solutions to Homework No. 3 04 /2572008
Problem 4.21]
(a) binary sequence b, N ¢ SEIESE [N S T SR e SR
polar representation -1 =1 1 | T -1 -1 1
duobinary coder output Cy -2 U 2 0 0 0 =2 0
receiver output ;k ' < =1 3 ¥ =2 4 =1 =i
output binary sequence 0 | 0 1 1 0 1 0 0 1
(b) receiver input 0 © 2 B/ 0 0 =2 D
receiver output gk -1 1 -1 1 -1 1T =1 -1 1
output binary sequence 0 1 0 1 0 1 3 1 1

We-see that not only is the second digit in error, but also the error propagates.

Problem 4.22

(a) binary sequence b, -y - g % D B .8
coded sequence dk 1 1 1 0 1 1 g 0 0 1
polar representation 1 1 1 =1 1 1 =1 «1 =1 1
duobinary coder output C\ P “SORE 0 2 0 =2 -2 0
receiver‘output 0 D 1 1 0 1 0 0 1

(b) receiver input . 2 0 0 0 2 0 =2 =2 ©0
receiver output 0 1 1 1 0 1 0O O 1

In this case we see that only the second digit is in error, and there is no error
propagation,



Problem 4.30

(a) The power spectral density of the signal generated by the NRZ transmitter is given by

2
o) 2
S(f) = =G (1)

where 67 is the symbol variance, 7'is the symbol duration, and

T/2 ;

. . —j27ft . . L. &

G F) = J. l1-e dt = Tsinc(fT) = Rsmc(}@ (2)

~T/2 ‘

is the Fourier transform of the generating function for NRZ symbols. Here, we have used the
fact that the symbol rate R = 1/T. A 2BIQ code is a multi-level block code where each block
has 2 bits and the bit rate R = 2/T (i.e., m/T, where m is the number of bits in a block). Since
the 2BIQ pulse has the shape of an NRZ pulse, the power spectral density of 2B1Q signals is
given by

2
o 2
S2m1Q = 7| Gami(f)

where

sin(2n(f/R))

J2mf

GZBIQ(f) =



The factor /2 in the denominator is introduced to make the average power of the 2BIQ signal
equal to the average power of the corresponding NRZ signal. Hence,

I )
Somolf) = o] [sm(2ﬂ(f/R)))

T ﬁnf
3 26° . 2
= —-sinc " (2(f/R)) 3)

(b) The transfer functions of pulse-shaping filters for the Manchester code, modified duobinary
code, and bipolar return-to-zero code are as follows:

(1) Manchester code:

G(f) = ;’7[1 wcos[’n%ﬂ 4)

(ii)Modified duobinary code:

G(f) = jJ%nf[COS(Snf@ —cos(n@} &)

(111)Bipolar return-to-zero code:

GlJ) = %[sin(ﬂ:ﬁ) X sin(n}@} (6)

Hence, using Eqgs. (4), (5), and (6) in the formula of Eq. (1) for the power spectral density of
PAM line codes, we get the normalized spectral plots shown in Fig. 1. In this figure, the

spectral density is normalized with respect to the symbol variance o? and the frequency is
normalized with respect to the data rate R.

From Fig. 1, we may make the following observations: Among the four line codes displayed
here, the 2BIQ code has much of its power concentrated inside the frequency band

-R/2 < f < R/2, which is much more compact than all the other three codes: Manchester code,
modified duobinary code, and bipolar return-to-zero code.
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Problem 4.34 : X
(a) The channel output is

x(t) = S s(t-tm) +a, S(t-toe)

Taking the Fourier transform of both sides:

X(f) = [f:t.‘l exp(-jEﬂftDI) - a.2 exp(-j2ﬂft02)} S(f)

The transfer function of the channel is

i

X(£)
Ho (D) = 578

a, exp(-jznft01) +a, exp(-jenft,..)

2 02

(b)

Channel E i
qual
Hc(f) J lzer

He(f) R

Ideally, the equalizer should be designed so that

Hc(f) He(f) = Ko exp(-janto)

where KO is a constant gain and to is the transmission delay. The transfer function of

the equalizer is

He(f) = Wy o+ W, exp(-j2nfT) + W, exp(-jUnfT)

W W
= Wy [ gl exp(=-j2rfT) + 22 exp(=jUnfT)] (1
%o o
Therefore
K. exp(=j2aft )
B(F) = 2 -

H (f)

K0 exp(-jznfto)
@, exp(-jBﬂft01) ta, exp(-j2nft

02)



(Ky/a,) exp;_jgnf(to;t )]

%
1 +Ez_1' t-:xp[-.]eﬂf'(t‘.o2 - t5q21

01

Since @, << a,, we may approximate He(f) as follows

Ko %5
H(f) = --1- exp[-jan‘(tO = Logdd {1 G—‘T exP[--jwa‘(tD2 = to,l)]
As 2 :
+ g;:) exp[~JRnf(t02 - t01)]} (2)

Comparing Egs. (1) and (2),' we deduce that

w0=1



= Liertud) F‘%_ o Lt- Ltd++0))

= alb-t) + € xld —4th) — £ 2 [t-tad- to)
.

AT v S Wdﬁ "ol










