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PROBLEM 1. A discrete signal z[n| has period N if z[n| = z[n + kN]| for any integer k.

1. Suppose that z[n| has period N. That is,

-n+kN

=zn]=zn+kN|=¢ =
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T
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Which implies ¢/’ = 1, which cannot be satisfied any integer N. Hence, z[n] is
aperiodic.

2. z[n| = 2+sin(4mn)+2 cos(3mn). Clearly the constant 2 has no effect on the periodicity
of the signal. Since the rest of the signal is the sum of two periodic signals, z[n] is
also periodic. Note that sin(4mn) has period 1 (i.e., it is constant), and cos(37n) has
period 4. Therefore z[n] is of period 4.

3. z[n] = 2sin(57n)+3sin(v/57n). Notice the that x[n] is the sum of a periodic sequence
(2sin(57n)) and an aperiodic sequence (3sin(y/5mn)), therefore is aperiodic.

4. z[n] = cos(2mn/7)sin(27n/5). We have a product of two periodic signals, with
periods 7 and 5. Therefore the period of x[n] is the least common multiple of the
periods of the two factors. In this particular case, the period is 35.

PROBLEM 2. (i). For stability we need to check
> " |hln]| < oo

and for causality we need to check
hin] =0 for n < 0.

Ly, |- 6‘%‘\ =2 Zzozl e?™ + 1 = oo. (not stable, not causal).

2. 3 leul-n+1)| =3 _ e =32 e =¢+ 1, < oo (stable, not
causal).

3. 3 [(=1)"u[3n]] = >_7 ;1 = co. (not stable, causal).
4.5 lsruln] +4mul—n = 2| = 3707 55 4+ > oo, 75 < 00. (stable, not causal).

5.3 \ﬁu[n =2=5, ﬁ < 00. (stable, causal).

(ii). With the input z[n] = uln — 2] — u[n — 4] = 6[n — 2| + d[n — 3], the output is

y[n] = z[n]*hn] = Zx[m]h[n —m]
= Z (8[m — 2] + d[m — 3])h[n — m)|

= hljn—2]+ h[n — 3.

For the stable systems above (2,4,5) the output becomes;



2. yln] = e*tu[—n + 3] + > Su[—n +4].
4. yln] = s=uln — 2] + 4" 2u[—n] + ziuln — 3] + 4" Pu[-n + 1].
5. yln] =4 3)2u[ — A4+ &= )Qu[n— 5].

(iii). We have z[n] = d[n] 4+ d[n — 1] — d[n — 2] — d[n — 3]. The input is the periodized
version of x[n|. Then the overall response of the system is

yln] = wn]*hin] = wlm]hn — m]
= ZZx[m—llk]h[n—m]
— ZZx[m—élk]h[n—m]

= Zh[n—4k]+h[n—1—4kz]—h[n—2—4k]—h[n—3—4k].

which is the periodized version of h[n| + h[n — 1] — h[n — 2] — h[n — 3]. For the stable
systems above

2.
y[n] = Z e?u[—n + 1] + e* 2u[—n + 2 + 4k] — " *u[—n + 3 + 4K]
k
— e Oy[—n + 4 + 4K].
4.
ZEDY iu[n] + 4"u[—n — 2] + ! uln — 1] 4+ 4" tu[—n — 1]
Yy - - 3n 3n—1
1 n—2 1 n—3
- 3n_2u[n — 2] — 4" u[—n] — Wu[n —3] —4""u[—n + 1].
5. yln]=>", ﬁu[n — 2]+ ﬁu[n —3]— ﬁu[n —4] - ﬁu[n — 5.
PROBLEM 3. 1.
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3. Let 2z = a+ jb. We have
— b
z_lzz*:u:a—jbﬁcf—i—lﬁ:l.

a? + b?
Le., the set satisfying 2= = 2* consists of all the complex numbers on the unit circle.

4 B = — 5 =65 ze{l, ——+]§,———]2}
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0 g /2" gm >0 1/20 _ _gm
5. 152, &/ = eimnm V2" = o™ = 1

.....

follows by the definition of a basis. Now suppose that z has two distinct representatlons
{ou tr=o,..N—1 # {Br}r=0,.,n—1. That is,

N-1 N-1
zZ = Z ax®) Z = Bpx )
k=0 k=0
We can then write
N-1
0=z—z= Z(ak — Br)x®) £ 0,
k=0

a contradiction. Therefore, z is uniquely represented in the basis {x*)},_,

.....

PROBLEM 5.
N-1
X[k] = cos ((2w/N)Ln + ¢)6—j27rkn/N

n=0
N-1

- %(ej@W/N)LnJr(z) + e_j(27r/N)L"_¢)6_j27rkn/N
n=0
N—-1 1

= 5(e—j(27r/N)n(k—L)ejqb e I@m/N)n(e+L) =y
n=0

Note that + ij 01 e~ Im/N)n(k=L) js non-zero and equal to 1 only when k = L+mN where
m € Z. Hence

=

N | —

(e—j(27r/N)n(k—L)6j¢ + 6—j(27r/N)n(k+L)€—j¢) — g((g[/{; — L)’ + [k 4 L]e™7?)
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PROBLEM 6.

For DFT to be real we need X[k] = X*[k]. For this to hold we need {a,b,c,d} to be real
and also b = d.



