8.27. (a) The linear convolution, z;[n] * za[n] is a sequence of length 100 + 10 — 1 = 109.
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(b) The circular convelution, z,[n] g [n], can be obtained by aliasing the first 9 points of the linear
convolution above:
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(¢) Since IV > 109, the circular convelution 2 [n] @ 2[11] will be equivalent to the linear convelution
of part (a}).

8.28. We may approach this problam in two ways. First, the notion of modulo arithmetic may be simplified
if we utilize the implied periodic extension. That is, we redraw the original signal as if it were periodic
with peried N = 4, A few periods are sufficient:
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To obtain zi[n] = zi{{n — 2))«}, we shift by two (to the right) and only keep those points which lie in
the original domain of the signal (i.¢. 0 <n < 3);
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To obtain z[n] = z[({—n))4], we fold the pseudo-periodie version of z[n} over the origin (time-reversal),
and again we set all points outside 0 < n < 3 equal to zero. Hence,
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Nate that z{{(0))4] = =[0], etc.

In the second approach, we work with the given signal. The signal is confined to _
0 < n < 3; therefore, the circular nature must be maintained by picturing the signal on the circumfer-

ence of a cylinder.

8.32. We have a finite-length sequence, z[n] with N = B. Suppose we interpolate by a factor of two. That
is, we wish to double the size of z[n] by inserting zeros at all odd values of n for ¢ < n < 15.

Mathematically,

z[6/2], neven, 0<n<I15
vinl = /2]
0, n odd,

The 16-pt. DFT of y[n):
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Therefore, the 16-pt. DFT of the interpolated signal contains two copies of the 8-pt. DFT of z|n]. This
is expected since Y[k] is now periodic with period 8 (sce problem 8.1). Therefore, the correct choice is

As a quick check, ¥[0] = X[0].



£.38. (a) Since

R zln], 0gn<N-1
mfp] =< -z{fn-N|, N<n<gaN-1
0, atherwise

If X [k] is known, z3{n] can be constructed by :

X[x] ) I,
L concienate ——{ 2Nt DFT | X:fi]

(b} To obtain X[k] from X;[k], we might try to take the inverse DFT (2N-pt) of X; [k], then take the
N-pt DFT of z4[n] to get X[k].
However, the abave approach is highly inefficient. A more reasonable approach may be achieved if
we examine the DFT analysis equations involved. First,
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Xi1[k]
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Thus, an easier way to obtain X{k] from X, [] is simply to decimate X, [&] by two.

X 4] }2 - XA




8.36. We have the finite-lenpgth sequence: .
z[n} = 26{n] + [n — 1) + §[n = 3]

{i} Suppose we perform the 5-pt DFT:

-

XK =2+Wr+W¥, 0<k<5

where W = e=i(4E.,

(ii) Now, we square the DFT of z|ni:

YE] = X[k
= 2+ 2WF 4+ 2w
+2WE 4+ W+ WEE
+OWSE+ W L WE, 0<k<S

Using the fact W = W2 = 1 and Wf* = W}
Y[k] =3 +5WE + W2k +aWS + W', 0<k<5

(2} By inspection,
¥ln] = 36fn] + 88[n — 1) + 6in — 2 +46n - 3| +8[n—4), 0<n<5

(b) This procedure performs the autocorrelation of a real sequence. Using the properties of the DFT,
au alternative method may be achieved with convolution:

yin] = IDFT{X’[k[} = z[n] = z[r|

The IDFT and DFT suggest that the convolution is circular. Hence, to ensure there is no aliasing, the
size of the DFT must be N > 2M — 1 where M is the Jength of z[n]. Since M = 3, N > 5.

9.21. (a) Assume z[n) =0, for n < 0 and 5 > N — 1, From the figure, we see that
viln] = zin] + Whyaln — 1]
Starting with n = 0, and iterating this recursive equation, we find

w0 = zl0f
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(b) Using the figure, we find the system function ¥i(z}.

1 Wytz?
1— 2271 cos(3fE) + 2~2

1- ;r-kz-l

A WA - wge )
X(3)
1-Whe1

Yifz) = X(z)

Therefore, yi[n] = z[n] + WEyxin — 1. This is the same difference equation as in part (a).

9.30. (a) Note that we can wrile the even-indexed values of X[k] as X[2k] for k = 0,...,(N/2) ~ 1. From
the definition of the DFT, we find
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X[2k] = E:[ﬂ]e‘jaﬂ(ﬂk)njh'
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Thus, the algorighm produces the desired results.
(b} Taking the M-point DFT Y[k), we find
: M-1 o .
YR} = 3 3 zin+rM]edimin/M
n=( r=—oxc
o M=l
— Z E I{ﬂ + fMJB—J'z‘I'k(I‘l-I-!'M)/Mejzﬂ'{!‘u)kfﬂ
re—o0 n=0

Let | = n + rM. This gives

YR = 3 alfjemstnkiiM

i=—na

X(ejﬂrk/.ﬁf)

Thus, the result from Part {a) ia a special case of this result if we let Af = N/2. In Part (a), there
are ouly two r terms for which yfn] is nonzero in the rangen =0,...,(N/2) - 1.

it



{(c) We can write the odd-indexed values of X[k} as X[2k + 1] for £ = 0,...,(N/2) — 1. From the
definition of the DFT, we find
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=1 o, otherwise

Then Y[k] = X[2k + 1]. Thus, The algorithm for computing the odd-indexed DFT values is as
follows.

step 1: Form the sequence

| (z[n] — 2ln + (Ny2)etEN, 0 <0 < (N/2) -1
=4 otherwise

step 2: Compute the N/2 point DFT of yin], yielding the sequence ¥ [k].
step 3: The odd-indexed values of X [k] are then X[k] = Y{(k-1)/2},k=1,3,...,N ~ 1.

9.34. This. problem asks that'we find eight equally spaced inverse DFT coefficients using the chirp transform
) fﬂg_nrlthm. The book derives the algorithm for the forward DFT. However, with some minor tweaking,
it is easy to formulate an inverse DFT. First, we start with the inverse DFT relation -

N=1

zn] = % z X[klestnne/n
k=q
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Next, we define

An = 1
ng + £An

LS

where £=0,...,7. Substituting this into the equation above gives

N-1
zng = i Z X [k]ef?mrok/N ojintink/N
N = |
Defining
W = e—j?rr!.‘ln.,lN
we find

1 = idmnok /W rgr—Ik
alng = gﬂ X{k)ef2mrok!N
Using the relation
o= 516+ B - (k- o)

we E'Et Na
;r[ne] = % Z X[k]ejzzrﬂokﬂ\'W—tijzw_szgwtk_n:lfz
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G[k] - X{k]eﬂank/Nw-k /2
Then,
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From this equation, it is clear that the inverse DFT can be computed using the chirp transform algorithm.
All we peed to do is replace n by k, change the sign of each of the exponential terms, and divide by a
factor of N. Therefore, .
m [k] - e;-zxtn.,fNW-r:i/:
mafk} = W-E/

1 F]

K| = k2
hk] NW

Using this system with ng = 1020, and £ = 0,..., 7 will result in a sequence ¥ir] which will contain the -
desired samples, where

y[0] = =z{1020]

¥ll] = a[1021]
yi2] = =z[1022]
y[3] = z{1023}
vl = =[]
v[8] = =1
] = =2

y[7l = 23



