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Part I. Paper Assighment

1. Determine DFS coefficients of the following periodic sequences:
(a) X[n] = 2cos(mn/4)

L2T0 (2T
e NEM 5 N8[k — ko], &N 0" 5 N8[k — (N — ko) |

N =8,k, = 1,X[k] = 8(5[k] + §[k — 7])
(b) %[n] = 3sin(0.257n) + 4cos(0.75mn)

cos (5 kon) © 3 (8[k — ko] + 8[k — (N~ ko)])
sin (5-kon) %(S[k — ko] = 8[k — (N—ko)])

X[k] = 172(5[k — 1] = 8[k—7]) + 16(8[k — 3] + 8[k — 5])

2. Let x[n] be an N-point sequence with an N-point DFT X[k].
(@) If Nis even and if x[n] = —x[{(n + N/2)y] for all n, then show that X[k] = O for
even k.
“N is even” means that “n + N/2” is integer.
That is, x[0] = -x[N/2], x[1] = -x[1+N/2], ..., X[N/2 -1] = -x[N-1], which also

means that Y -4 x[n] = 0;.

2T
X[k] = ¥N-tx[n]e N ", —j 2Fﬂkn = —j %ﬂk (n + g) ifk is even, and

n=

x[n] = —x[(n + N/2)x]. Therefore, X[k] = O for even k.
(b) Show that if N=4m where m is an integer and if x[n] = —x[(n + N/4)y] for all

n,then X[k]=0fork=41,0 <1< ;— 1

2T
X[k] = ¥N-tx[n]e TN ", —j 2Wﬁkn = —j %ﬁk (n + %) ifkis 4m, and x[n] =

—x[{n + N/4)x]. Therefore, X[k] =0fork=41,0 <1< g— 1.

3. Letx;[n],0 <n < N; — 1, be an N;-point sequence and let x,[n],0 <n <N, —
1, be an N,-point sequence. Let x3[n] = x,[n] * x,[n] and let x,[n] = x,[n]®
X,[n],N = max (N, N,)

(a) Show that x,4[n] = >2_ . x3[n + IN]
® x3[n] =T wxi[m]x,[n —m] = Tpt0" 7 %y [m] xo[n — m]

®  x,[n] =x[n]@x;[n] & X,[k] = X, [k]Xz[k], x[n] = %Z{L—&X[k] Wy
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= x4 [n] = < TNZ3 Xy [KIX, [K] W
= %ZE;& (X320 %4 [NJWF™) (Zgz_l X2 [n]ngn) Wﬁkn

- _ 1 @N-1 (x—k(n—a—b
= SN [n] SN0 [n] (£ 2N Wik )

»where %ZE;& Wl\;k(n_a_b) - {%),,_n ' aotht)el":w?i
= x4[n] = YN0 x1[m] x,[(n — m)y],—c0 <n < o0
= Y=o X1 [m] X2 x,[n —m + rN],N = max (N, N,)
= Z?°=_oo(2r1¥1‘=% X1 [m] x5 [n —m + rN]),N = max (N, N;)
= Y2_oX3[n +IN],N = max (N;,N,)
(b) Let e[n] = x4[n] — x3[n], show that
e[n] = {xg[n + N], max (N;,N,) < N <L
0, N=>L
whereL=N; + N, — 1
® ¢[n] =x,[n] —x3[n] = X 2_, x5[n +IN] — x3[n],N = max (N, N,)
® TForN=>Lx3[n+IN]=0with(1#0)&(€Z)
= e[n] = X2 _ x3[n + IN] — x3[n] = x3[n] —x5[n] =0
® Formax(N;,N,) < N <L, Y72_,x3[n+IN] = x3[n] + x5[n + N]
= e[n] = (x3[n] + x3[n + N]) — x3[n] = x3[n + N]
(c) Verify the results in (a) and (b) for x; = {1,,-¢, 2,3,4}, X, = {41-0, 3,2,1}, and

N=5 and N=8
® x;[n| ={4,-,,11,20,30,20,11,4}
® ForN=5

x1[n] = {1420, 2,3,4,0}, X, [n] = {4n=0,3,2,1,0}

X41[n] = Y=o X1 [M] x;[{(n — m)5] = x4;[n] = {15, 15, 20,30, 20}

Xg2[n] = X2 X3[n +1% 5]

= X42[0] = x3[0] + x3[5] = 15,%4,[1] = x3[1] + x;3[6] = 15,
X42[2] = x3[2] = 20,%4,[3] = x3[3] = 30, x4, [4] = x3[4] = 20

= X4,[n] = {15,-0, 15,20, 30,20} = x53[n] + x5[n + 5]

® ForN=8

X;[n] = {1,420, 2,3,4,0,0,0,0}, X, [n] = {4,-0,3,2,1,0,0,0,0}

Xa1[0] = Yo X1 [m] x,[(n — m)g]

= X4q[n] = {4,-0,11,20,30,20,11,4,0}

Xg2[n] = XZ_ X3[n +1% 8]

= X42[0] = x3[0] = 4, %4, [1] = x3[1] = 11,%4,[2] = x3[2] = 20,
X42[3] = x3[3] = 30, %4, [4] = x3[4] = 20,%4,[5] = x3[5] = 11,
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X42[6] = x3[6] = 4,%x4,[7] = x3[7] = 0
= X42 [n] = {411:0) 11) 20) 30) 20) 11; 4) 0} = X4 [n] = X3 [n]

4. LetX[n] be a periodic sequence with fundamental period N and let X[K] be its
DFS. Let X5[n] be periodic with period 3N consisting of three periods of X[n] and
let X3[K] be its DFS. Determine X3[Kk] in terms of X[K].

L2T
X[kl = ZNZL x[n]Wy", WP = v

® fFork=3mmeZzZ
X5[k] = 131N=_01 X[n]W:?l{Il = I31N=_01 X[H]Wgﬁnn = }?’1N=_01 x[n]Wg™ =
N2 x[nJwin 4 y2N-3 y[nJwin + ¥3N=1 x[n]Jwit = 3X[k]
® fFork;=3m+1,k,=3m+2,meZ
Euler’s formula shows that the
(Wi + W3+ W3R = (W3 + Wag + W) = 0.

= X3[k,] = r31N=_o1 X[n]w3(13\)1m+1)n = }?’1N=_01 X[H]Wgﬁnnwan =0
= X3[k,] = r31N=_o1 X[n]w3(13\)1m+2)n = }?’1N=_01 X[H]Wgﬁnn 3?13 =0
3X[k],k = 3m,m € Z
Y =
Xs k] { 0, else

5. The first five values of the 9-point DFT of a real-valued sequence x[n] are given by
{4,2 —j3,3+j2,—4+j6,8—j7}
Without computing IDFT and then DFT but using DFT properties only, determine
the DFT of each of the following sequences:
(@) x1[n] = x[{n + 2)o]
x[(n — m)y] & WEPX[K] = X, [k] = W5 2KX[K]
(b) xz[n] = 2x[(2 — n)s]
x[(n — m)y] & WEX[K], x[{(—n)y] < X[(—k)y]
= X, [K] = 2WF X [(—k)o]
(c) x3[n] = x[n]@x[{—n)o]
x[n]@h[(-n)\] & X[KIH[{(~k)N] = X;3[k] = X[K]X[{(—k)s]
(d) x4[n] = x*[n]

vn]x[n] & SVIKI®X[K] = X, [k] = SX[KIOX[K]
(e) xs[n] = x[n]e7 /2

x[n]e WK & X[k — ko] = Xs[k] = X[{k + 2)o]



