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THE DISCRETE FOURIER TRANSFORM

1) (8.22) For a finite-length sequence x[n], with length equal to N, the

periodic repetition of z[—n] is represented by
2l((—m)n] = al((=n+ ENY)N], € integer

where the right side is justified since z[n| (and z[—n]) is periodic with
period N. The above statement holds true for any choice of £. Therefore,
for £ =1:

z[((=n))n] = 2[((=n + N))x]
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2.

[Oppenheim/Schafer /suec Problem #8.23] If N > P, zero pad the sequence to
get exactly N terms. If z;[n] is the sequence which is zero-padded, then X (2) = X (z),
and so sampling X;(z) on he unit circle is equivalent to sampling X (z) on he unit
circle.

Suppose that N < P. We have X(2) = P a[n]2"". We nced the values of
X (2)|,_giont/v. Supposing that this is obtained by taking the N-pon DFT of some
sequence zi[n]. Then we get This is

P-1 N-1
X (2)],gizmisn = Zx[n}e—ﬂwnk/N — Z 1 [n]e2mkIN
n=0 n=0

In particular, we need z1[n] = >, 5 x[n + kN]. While this is expressed as an nfinite
sum, it is really a finitec sum because only finitely many terms are non-zero.

. [Oppenheim/Schafer/ruc Problem #8.31] We need X, [k] = X (2) ‘Z:%e;‘(an/10+w/lﬂ)-

Now, X (2) = 32N z[n]2", and so,

Nt N-1 1 Y
Z Zl[n}e_j%rkn/N = Xl[k} = Z x[n} <§ej7r/1[)) e_jgﬂkn/m
n=0 n—0

Hence we need x1[n] = z[n| (%6”/10)_”-

. [Oppenheim/Schafer/su Problem #8.34] The statemen s fase. Note that

z.[n] is a sequence of length 2N — 1, so the statemen does not even make sense (since
the DFT of z.[n] will have 2N — 1 points, while the DFT of z[n] wi ony have N

points. The correc condition s DFT {W} =R{X[k]}.
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5. [Oppenheim/Schafer/su« Problem #8.37] If gi[n] = [N — 1 — n], then

N-1 N-1
Gilk] =Y 2N — 1= n)Wyr" = Wk " a[m| Wy~ Hy[k]
n=0 m=0

since Wyt(V-1) = gi2nk(N=1/N — o=i27k/N = Gimilarly, we have

N-1
Galk] =Y a[m|Wy* V2™ = Hylk|
m=0
N-1 N-1
Ga[k] = Z x[n}(WQNk" + WQNk("JrN)) = (1 + WgNkN) Z x[n}WgN’“"
n=0 n=0

Noting that Wyn*™ = Wxk"/2, we get Ga[k] = Halk]. For G4[k], note that it has to be
per odic with period N/2, and so it can only be Hg[k] (since it has to be one of the
listed signals). Also, Gs[k| = Hslk], Gg[k] = Hilk] and Gr[k] = H;[k].
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