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Problem 1 (10 points) Given that

0 n<0

u[n}:{l n>0

plot the following discrete-time signal. Label the horizontal and vertical axes for full credit.

z[n] = nu[—n + 6]Juln — 2]

We have
1 (= 6) >0 <= n<6
u[—n—l—ﬁ]:{ (=n+6) > "=
elsewhere
and
1 n—=2)>0 < n>2
uln — 2] =
0 elsewhere
Thus,

n 2<n<6
z[n] =
{0 elsewhere

x[n]
IS

Figure 1: z[n] = nu[—n + 6]u[n — 2]



Problem 2

(a) (15 points)
Determine the discrete-time Fourier Transform (DTFT) X (w) of the following sequence.

(=)™ 0<n<A4
z[n] = .
0 otherwise

Express X (w) as Xg(w) = R(w)e?@) | where R(w) is a purely real function of w.

(b) (15 points) Evaluate X4(w) at w = 3, w = 2T w = m. Express your solutions in magni-
tude/phase form (i.e., Ae’?, where A is a positive real number).

Xy(w) = Z z[n)e7m = ¢7Iw(O0) _emiwll) 4 pmiw(2) _o=iw(3) ppmiw(t) — oI (oI _piw ] _eTIW I 2)
— | Xg(w) = [2cos(2w) — 2cos(w) + 1]e 72¥
(b) i)
Xy (g) - [2cos(7r) — 9cos (f) + 1} eI = (=2 -0+ 1)(~1) = | Xy (g) = 1¢0

ii)

iii)

Xg(7) = [2c08(2m) — 2cos(m) + 1] e 2™ = (2 — (=2) + 1)(1) = | Xq(7) = 5e?°




Problem 3 (20 points) Given that the DTFT for a real discrete-time signal x[n] is:

6[cos(—2F) + jsin(ZF)] forw=—Z
Xglw] = < 12[cos(Z) — jsin(—F)]  for w = 3T
7777 elsewhere on [—, 7]

find X4(Z) and X4(—2F). Give your solution(s) both in rectangular and polar form.

Note that:

X, (—g) - [cos <—2;> + jsin (?)] — 6 {cos <2§> + jsin (?)] —6e77% = 31 j3V3

X4 <377T> =12 [cos (%) — jsin (—%)} =12 [cos (%) + jsin (%)} = 12607 = 6v2 + j6v2

Thus, by the symmetry properties of the DTFT for real-valued signals, we have:

Xd <§) =Xa <_§) = | X4 (g) —-3-j3V3=6¢/%

() -5 (5) <5t




Problem 4 (20 points) Given that the DTFT of a certain signal x[n] is:

2 for lw|<Z
Xd(w)Z{ I <3

0 elsewhere on [—m, 7]

find the DTFT of y[n] = xz[n]cos(§n) on [—m,x]. Determine a simplified expression for y[n].

By the modulation property of the DTFT,

1
y[n] = z[n]cos(=n) «— 5 [Xd (w - g) + Xy (w + g)} = Yi(w)
Considering that
f‘<f<:> E<< E)<E<:>O< <
YTal=7 o =\""3)=2 =w=T
and
+o)<t = T (wrl) ST = —r<w<0
YTol=7 9 = 2) =72 =w="5
we have
Xd(w—ﬁ>: 2 for0<w<m
2 0 elsewhere on [—, 7]
and
Xd(erz): 2 for —mt<w<0
2 0 elsewhere on [—7, 7]
Thus,

| Yy(w) =1 on [-, ]|

Finally, since the DTFT of a signal is unique and > oo §[n]e™7“" = 1, it follows that | y[n] = d[n] |



Problem 5 (20 points) Simplify the following expression

(1=  eF

—(1+7)

Give your solution both in rectangular and polar form.

Note that

Thus,

So

(1-5)® = (V2e7™/*)8 = 16¢79%" = 16¢7°

. 3
&ﬁ—wzwf—
(148 &5 16e°
8(vV3—7j) €7  16e7I%
(1-j)° €%

8(v/3 - 7) T

—(1+)=0-(01+j)=

T

) = 16e 7%

. T
els T T




