EE3610 Signals and Systems Fall 2011

Homework No. 5 Solution

1. Letx[n] be a periodic signal with period N and Fourier coefficients a.
(1) Express the Fourier coefficients by of ‘x[n]‘2 in terms of ay. (10%)

Since x[n]«=>>a, and x[n]«=>>a’,. By using the convolution

property, we have: x[n]x"[n]=[x[n] «E5-b, = 3" aay,.

I=<N>

(2) If the coefficients ax are real, is it guaranteed that the coefficients by are also
real? (10%)
From (1), it is clear that the answer is yes.

2. When the impulse train x[n]= > 5[n—4k] is the input to a particular LTI

k=—o0

system with frequency response H (ejg) , the output of the system is found to be

y[n]= COS(%n-ﬁ-%j. Determine the values of H (ejk”’z) fork =0, 1, 2, and

3. (20%)
3

The F.S. of x[n] are a, :%Z x[n]e~ 127" =% for all k. The output signal y[n]

n=0
can be express as:

y[n] = iak H (ef2m fpieriors
k=0

:%(H( 10)e10+ H (ejﬁlz)ejnﬂ/2+ H (ej”)ej“”+ H (ej3ﬁ/2)ej3n7z/2)
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= H(e)=H(e")=0, H(e"?)=2e"", and H ("*"?) = 2¢7 """,
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3.

You are given x[n]:n(l/z)"‘&x( Q). Without evaluating X (€2), find
y[n] if
(1) Y(Q)=Re{X(Q)} (5%)

= Since x[n] isreal and odd, X () is pure imaginary, thus y[n]=

2) Y(Q)=dX(Q)/dQ (5%)
y[n]=—inx[n]==jn?(1/2)".

>

® ¥(0)-x(@)+x(-0) 6%
= y[n]=x[n]+ x[-n]=n(¥2)" ~n(¥2)" =0

@) Y(Q)=e"X(Q) (5%)
= y[n]=x[n~4]=(n-4)y2)""

Let x[n] and h[n] be the signals with the following Fourier transforms:
X (e'7)=38e" +1-e)" 42/
H(e!)=2e% —e® +el*

Determine y[n]=x[n]*h[n]. (15%)

y[n]=x[n]<h[n]
=(35[n-1]+5[n]-5[n+1]+25[n+3])*(25[n-2]-S5[n-1]+5[n+4])
=65[n-3]-5[n-2]-35[n-1]+S[n]+45[n+1]-25[n+2]+35[n+3]
+5[n+4]-5[n+5]+25[n+7]

Consider the finite-length sequence x[n]= 246[n]+J[n-1]+[n-3].

(1) Compute the five-point DFT X[k]. (10%)
= X[K]=2+e 5 pe ¥,

(2) If Y[K]=X?[K], determine the sequence y[n] with five-point inverse DFT
forn=0~4. (10%)

Y[K]= X2[K] = 4+4e 5% 4 175 4 4o 135K 4 e 15K 4 g 0%

j32zk - jadzk

_j2z _io2x _
— 4450 15 Lo 17K g0 +2e

- y[n]=46[n]+50[n—-1] + o[n— 2]+ 46[n—3] + 26[n—4]

(3) If N-point DFTs are used here, how should we choose N such that
y[n]=x[n]*x[n], for0<n<N-1. (5%)
= N=4+4-1=7.



