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Solutions of Lecture 5 (MMD5)

Exercise 5.1.

Compute the DFT of each of the following finite-length sequences considered to be o
length N (where N is even).

(@) x[n] = 6[n]
(b) x[n]l =0[n—ny], O<ny,<N-1

a’, 0<n<N-1
() x[n] = {O, otherwise
Solution:
(a)
ofn] = dln)
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Exercise 5.2.
Suppose we have two 4-point sequences x[n] and h[n] as follows:

‘x[n] = COS(-T;—H), n=0,1,2,3,

h[n] = 2%, A=61723

(a) Calculate the 4-point DFT X[k].

(b) Calculate the 4-point DFT H[k].

(¢) Calculate y[n] = x[n]@h[n] by doing the circular convolution directly.

(d) Calculate y[n] of part (c) by multiplying the DFTs of x[n] and h[n] and performing
an inverse DFT.

Solutions:

(2)

transforms to

3
X[k = 3 cos()Wk", 0<k<3

n=0 ?
'_I'he cosine term contributes only two non-zero values to the summation, giving:

Xkl = 1—e™ 0<k<3
1-wl

(b)



HIK]
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3
YW, 0<k<3
n=0
= 142W; +4W* + 3w}
(¢) Remember, circular convolution equals linear convolution plus aliasing. We need ¥ >

3+ 4 — 1 = 6.to avoid aliasing. Since N = 4,we expect to get aliasing here. First, find
y[nl = z[n] * k[n]:
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For this problem, aliasing means the last three points (n = 4,5,6) will wrap-acound
on top of the first three points, giving y[n| = 2[nj@h[n]:

(d) Using the DFT values we calculated in paris (a) and (b):

Y(k] = X[k]H[k]
14 QWX 4+ AW 4 aW3h _ Wik _ oW — AWM — sWEH

Since W* = W* and W}* = W}
Yk| = —3—-6W;+3W/"+6W, 0<k<3

Taking the inverse DFT:

y[n] = —36[n] —68[n — 1] +36[n -2 +65[n -3}, 0<n<3



Exercise 5.3.
A signal x[n] has been filtered by a linear time-invariant system with impulse response

1
h[n] = o[n] —55[n —1]. The output of the system is the distorted signal y[n]. Theoretically,

x[n] can be recovered from y[n] through an inverse filter having a system function equal to
the reciprocal of the system function of the distorting filter.

(a) Determine the z-transform H(z) and the four-point DFT H[k] of the
impulse response h[n].

(b) Let Hi(z) denote the system function of the inverse filter and let h;[n] be
the corresponding impulse response. Determine h;[n]. Is this an FIR or
an IR filter?

(©) If X[n]=0o[n]+ d[n—-1]+o[n—2], calculate y[n]= x[n]*h[n] by doing
the linear convolution directly.

(d) Calculate y[n] of Question (c) by multiplying the four-point DFTs of
x[n] and h[n] and performing an inverse DFT.

(e) Determine the z-transform Y(z) and determine the inverse z-transform
of Y(z)-H.(2).

Solutions:

(@)

1 4
H(z)=1-=
(2) 57
H[k] = 1—3W41
2
(b)
1
1-=z71
2
1
h[n]= (E) ufn]
IR
(c)

1 1 1
y[n] = d[n] +E§[n 1] +§5[n -2] —E§[n -3]



(d)
X[k]=1+W, + W}

1 1 1
Y[k]=1+=W!+=-W2 - =W2
[K] o Wa + Wi =2 W,

1 1 1
y[n] = o[n] +55[n -1] +§5[n -2] —Eé[n -3]
()
Y(z) I P S
2 2 2

1 5, 1 , 1 4 1
Y(2O)H.()=Q+=72"+=z°"-=27°)/1-=2
(2)H;(2) = ( 5 5 5 )/( 5 )

Y (2)H,(z) < S[n]+d[n—1]+ S[n - 2]



