Problem 10.10 :

(a) The equivalent discrete-time impulse response of the channel is :

h(t) = zlj had(t — nT) = 0.35(t + T) + 0.95(t) + 0.36(t — T)

n=-—1
If by {c,} we denote the coefficients of the FIR equalizer, then the equalized signal is :

1

dm = Z Cnlin—n

n=-—1

which in matrix notation is written as :

0.9 0.3 0. c_1 0
0.3 09 0.3 o |[=11
0. 03 09 1 0



The coefficients of the zero-force equalizer can be found by solving the previous matrix equation.
Thus,

C_q —0.4762
cw | =] 1.4286
C1 —0.4762

(b) The values of g, for m = £2, £3 are given by

1

@ = > Cyha_y=cihy = —0.1429
n=-—1
1
q_o = Z Cnh_g_n == C_lh_l = —0.1429
n=-—1
1
n=-—1
1
q-3 = Z chh_3_pn =0
n=-—1

Problem 10.11 :

(a) The output of the zero-force equalizer is :

1
dm = Z CnTm,,

n=-—1

With ¢o = 1 and ¢, = 0 for m # 0, we obtain the system :

1.0 0.1 —-0.5 c_1 0
-02 10 0.1 Co =11
0.05 =02 1.0 a1 0

Solving the previous system in terms of the equalizer’s coefficients, we obtain :

c_1 0.000
Co =1 0.980
1 0.196



(b) The output of the equalizer is :

0

c_1x_5 =20

C_1T_1+ cox_9g = —0.49
0

Gm =13 1

0

coTa + 101 = 0.0098
c1re = 0.0098

0
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Hence, the residual ISI sequence is
residual ISI = {...,0,—0.49,0,0,0,0.0098, 0.0098, 0, ...}

and its span is 6 symbols.



Problem 10.13 :

The optimum tap coefficients of the zero-force equalizer can be found by solving the system:

1.0 0.3 0.0 c_q 0
0.2 1.0 0.3 Co =11
0.0 0.2 1.0 c 0
Hence,
c_1 —0.3409
Co =1 1.1364
c1 —0.2273
The output of the equalizer is :
0 m< —3
C_1T_1 = —0.1023 m = -2
0 m=—1
Gm =4 1 m =10
0 m=1
11 = —0.0455 m =2
0 m >3

Hence, the residual ISI sequence is :

residual ISI = {...,0, —0.1023,0, 0,0, —0.0455,0, .. .}



Problem 10.18 :

(a) X(2) = F(2)F*(27') =2z + 1+ 32~ *. Then, the covariance matrix I' is :

1+Ny 1/2 0 1/3/2
r=| 1/2 14N, 1/2 | and&=|1/V2
0 1/2 1+ N 0

The optimum equalizer coefficients are given by :

Cop = TI'Y¢
(1+No)? —1/4 —2(1+ Ny) 1/4 1/V2
= | 3+ N) (TN =51+ Np) {1/&]
1/4 —3(1+No) (14 No)*—1/4 0
N+ 2Ny +1
- \/idit(I‘) Ngjﬁfjiojé
2 4

where det(T') = (1 + Np) {(1 + Np)? — %}

(b)
det(T' = AL) = (1+ No— A) [(1+ No — A2 - ] =
M=1+Ny, o= +1+No, y=1— 5+ N

and the corresponding eigenvectors are :

—1/V2 1/2 1/2
V1|: 0 ],V2|:1/\/§],V3|:1/\/§]

1/V2 1/2 1/2
(c) IN3 + AN2 + 2N, + 3/4
_ + + 2No +
(K| ket = Join(1) = 1 — €T 1¢ = 2200 :
Jmm( )‘K—l Jmm() 6 6 2N5’+4N§—|—5N0+1
(d)

1= Jum(1)  2N2 + 3N, +3/4

Jon(1)  2NZ+ANZ+1/4
Note that as Ny — 0, v — 3. For Ny = 0.1, v = 2.18 for the 3-tap equalizer and v =
1+ Nlo — 1 = 3.58, for the infinite-tap equalizer (as in example 10-2-1). Also, note that
v = Nio = 10 for the case of no intersymbol interference.
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