Homework 5 Solutions

5.3, We note from Section 5.2 that a periodic signal z[n] with Fourier series representation
zln] = z i Ik@2/N)n
k=<N>
has a Fourier transform

X(&¥) = f: 2magd (w - %) ;

k=—o00

(a) Consider the signal zy[n] = sin(§n + §). We note that the fundamental period of the
signal z;{n] is N = 6. The signal may be written as

£l = (1/27)@F D = (1/27)e-3ED = (1/2))e T ¥ — (1/25)e7I eI TR,

From this, we obtain the non-zero Fourier serics coefficients ax of z,[n) in the range
—2<k<3as _ '
oy = (1/2))%,  ay =-(1/2j)e 5.

Therefore, in the range -7 Sw < 7w, we obtain
X(e¥) = 2merblw - %") oSl 36’1)
(x/7) {4 6(w — 2n/6) = ¢TI /45(w + 27/6)}

(b) Consider the signal r3[n] = 2 + cos(§n + §). We note that the fundamental period of
the signal zi{n] is N = 12. The signal may be written as

nfn) =2+ (1/2)E 1) 4 (1/2)e 7+ =24 (1/2)@ 5" 4 (1/2)c 75T HR,

From this, we obtain the non-zero Fourier series coefficients ax of z2[n| in the range

-5<k<6as 2 .
co=2 a1=(1/2)%, a_y=(1/2)e7%.

Therefore, in the range —7 < w < 7, we obtain

2T

= 4wb(w) + n{e" /%3 (w — n/6) + e 7786w+ 1/6)}

X(¥) = 2maod(w) + 2rard(w - %) EVRa B

5.5. From the given information,

]

z(n) (1/27) ) X)) dw

(1/2m) [ | X (@)@ <X (@) iemg,,
-

/4
- iu Juwn
(1/2r) /_ & e
sin(§(n - 3/2))
m(n—3/2)

The signal z[n] is zero when (n — 3/2) is a nonzero integer multiple of 7 or when
{n| = co. The value of ¥(n — 3/2) can never be such that it is a nonzero integer multiple
of x. Therefore, z{n] = 0 only for n = %o0.



5.9. From Property 5.3.4 in Table 5.1, we know that for a real signal z[n],
0d{zin)} &5 jIm{X ()}

From the given information,

]

FIm{X ()} ‘jsinw — jsin2w

(1/2)(6’“ - e—-"w - czju e e—?juJ]

Il

Therefcre,
Od{z[n]} = IfT{jIm{X(ej“')}} =(1/2)(8[n + 1] - §[n — 1) - éin + 2] + é[n — 2))

We also know that
Qd{zln|} =

z{n) — z(~n]
2

and that z[n) =0 for n > 0. Therefore,
z[n) = 20d{z[n]} = éfn + 1] = d[n + 2}, forn<O
Now we only have to find 2[0]. Using Parseval’s relation, we have
1 = jw 12 - 2
[Cixtepar= 3 el
TS, n=-00
From the given information, we can write

~1
3=+ 3, kel = (o) +2

n=-00

This gives 2[0] = +1. But since we are given that z[0] > 0, we conclude that z[0] = 1.

Therefore,
z[n} = 8[n] + 8fn + 1] - on+2).

5.13. When two LTI systems are connected in parallel, the impulse response of the overall system
is the sum of the impulse responses of the individual systems. Therefore,
hin] = hu[n) + hafn]:
Using the linearity property (Table 5.1, Property 5.3.2),
H(e™) = () + Hy(e™)

Given that hy[n] = (1/2)"ufn], we obtain
Hi(e®) = W .
' Lo :}e’-’“"

Therefore,
-12+5™% 1 ~2

H 0\ = J D — I —
2(e ) 12 = Te—7« + e~ 2w %e"‘-’ 1 - %e‘j“

Taking the inverse Fourier transform,

hyn] = =2 (%)" uln).



5.19. (a) Taking the Fourier transform of both sides of the difference equation, we have

Y(e*) [1 ~ 2 - g = X(),

Therefore,

H(es) = ) = . - 1
X(ev)  1- lemdw — %c—bu (1—3e )1+ ic-;w)'

(b) Using Partial fraction expansion,

3/5 2/5

H(ejw) = —
(egw) 1-3e~w 14 fe3v

Using Table 5.2, and taking the inverse Fourier trasform, we obtain

hin] = % (-;-)n ulnl 4 % (—'%)nu{n].

(2) The frequency response of the system is as shown in Figure 55.30.
(b) The Fourier transform X(e*) of z[n] is as shown in Figure $5.30.
(i) The frequency response H(e) is as shown in Figure 55.30. Therefore, y[n] =
sin(7n/8).
{ii) The frequency response H(e™) is as shown in Figure 55.30. Therefore, yn| =
2sinlzn/8) — 2cos(7n/4).
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