Solutions, Exercises, MMY, Digital Signal Processing

9.1
(a)
z[n] = §[n]
N-1 '
XK = Y SnWh, 0<k<(N-1)
n=0
=
(b)
=(n| = bfn —ngl, 0<ng €(N-1)
N-1
Xk = 3 Sn—a]W§*, 0<k<(N-1)
n=0 '
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X[k = Y zlalWE, 0<k<(N-1)
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/ X[k = { :r;z, k=0,N/2
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dal = | B OSRE@-1)
0, N2sn<(N-1)
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N-1
Z zln|]WE, 0<k<(N-1)
n=0 ; B
(N/2)=-1

S e

n=0 :

| — g-ink
1 — e-dl2=k)/N

N/2, k=0

9
.r'f“ﬂ} = m‘ﬂ, k odd
0, k even, 0 <k < (N —1)

X(k]

Il

a®, 0<n<(N-1)
o 0, otherwise
N-1

X = Y aWE, 0<k<(N-1)
| n=0

1= ﬂ."'lrijI:'rk
Pe. pe—2xk} /N

: ] =™
Xk} = 1 — ge-Jlaxk}/N
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Consider the finite-length sequence
ewan, 0 <n<(N-1)
ek 0, otherwise

(2) The Fourier transform of z[n]:

X(e¥) = i: z[n]e=in
N=1 .
= Z ijnﬂuiwﬂ
n=0
— p=dlw—uwy )N
X(e™) = 1; _:-—ﬂu—w}
g—ilw=w)(V/2) { sin {(w — wo)( Nfz}})
T T emilu—w)/3 ( sin [(w — wo)/2]
- i - sin [(w — wo)(N/2)]
X(e) = g—ilw=we (N Jm( TR T )
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(b) N-point DFT:

N-1 ;
X[kl = 3 ap]Wg, 0Zk<(N-1)
n=0 *
N1
= ¥ ey
n={

1 = = H(3gk/N)=wn)¥
1 = e=d{(2rk/N)—wug)
i)ty Sin [ (5 — o) B
. sin | (2% - wﬂ) fz]

Note that X{k] = X(e)|oczmyw

(c) Suppese wy = (2mko)/ N, where kq is an integer:
i e—-j{h-fm]!ﬂ'
1 — e—ilh=hg}l2=}/N

= e~Han/N ) h=ho)((&~1)2) _SIB T (ke ~ ko) )
sin(x(k — ko)/N

X (k]

93
(a)
z[n] = cua{Z—n], 0<n<3
transforms to
- T i
X[k] = Zﬂcm(?}lﬂ , 0<k<3
The cosine term contributes only two non-zero values to the summation, giving:
X[k] = 1—e™ 0<k<3
1 - Wik

(b)
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HIk]
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a
WD, - D<k<s
n=0
= 1+42W] +4W] + swi*

(¢) Remember, circular convolution equals linear convolution plus aliasing. We need iV >
3+4—1=6to avoid aliasing. Since N = 4,we expect to get aliasing here. First, find
y[nl = z[n] * &[n]:
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For this problem, aliasing means the last three points (n = 4,5,6) will wrap-around
on top of the first three points, giving y[n| = z[n|@)A[n]:
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(d) Using the DFT values we calculated in parts (a) and (b):

Yik] = X[k]H[K]
= 14+ 2WF 4+ AW L 8W3k — Wi — 2k — 4w —8WPF

Since Wi = W2* and Wi* = W*

Y[k] = —3—-6W!+3W> +6W, 0<k<3

Taking the inverse DFT:

y[n] = —38n] — 68n — 1] +86[n — 2] + ES[H -3, 0<n<3





