EE4150 Digital Signal Processing
Dr. Hsiao-Chun Wu

Final Examination, fall of 2005
Time: 12:30 ~2:30 p.m., Tuesday, December 13, 2005

Please ALWAYS work on the FRONT SIDE of each page. No answer on the BACK
SIDE of any page will be GRADED! Ask for additional blank papers if necessary!

You may check any textbook, classnote or other references alone during the test.
However, NO CHEATING or COLLABORATION is allowed and such violation of the

university regulations will be reported.
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Question 1 (20%0o)

Consider a real sequence h[n]=hg,[n]+hgq[n], —co<n<oc. Prove that

X (1@ h[nl)= 3 (hey M hey[nl)+ 3 (oq [M]® g [n]).

Nn=-—o0 N=-—o00 N=-o0

Answer to Question 1:

%O: (h[n] ® h[n]) = Ozol(hev[n] ® hev[n])"‘ OZO: (hod [N]® hyg [n])"‘ 2 _%O:(hev [N]® hyg [n])

n=-—o N=-—o N=-o n
Since hy[n] = he,[N]® hyq[Nn] is odd, hy[n]=—-M[-n] forn=1, 2, ....

MOl = S he,mlhggln-m] = falm]-+{-ml}{hin —m] - h{-n -+ m]

m=—o0 M=
= % %{h[m] + h[-m]}{h[~m] - h[m]}
m=—oo

:1{_ S h2[m] + §h2[—m]}:0

Mm=-—o0 m=—o0

3 (hey N ® hog [n]) = >yl = h[0]+ > hyfri+ §1h1[n]= hy[0] - §1h1[n]+ 3 hy[n]
N=-—o0 n=

n=-—o0 n=-—o0 n= n=1
=0
Thus,

2 (M1 = 3 (hey [11® ey [n]) + 3 (hog [ @ hog ).

N=—o0 n=-— n



Question 2 (30%o)

(@) A two-sided real sequence is given by x[n]=a", —ow<n<ow, where o is an
arbitrary real value. Show the condition for « to make the Z-transform
X (z) = Z{x[n]} exist. (15%)

(b) A two-sided real sequence is given by y[n]=a‘”‘, —<NnN<oo, Where o is an
arbitrary real value. Show the condition for « to make the Z-transform
Y (z) = Z{y[n]} exist. (15%)

Answer to Question 2:
(@)

0 0 -1 0
X@)=z{xnl}= Xa"z7"=3a"z7"+ Ya"z7", The ROC for Ya"z7" s

Nn=-— n=0 n=—ow n=0
-1
|z| > || and the ROC for > a"z™" is |z| <|a|. There is no intersection and hence the
N=—o0

X (z) does not exist for any « .

(b)

0 -1 0
Y(z)=Z{y[n]} = Za‘n‘z_”= a"z7"+ Yo "z7" The ROC for Ya"z7" is

N=—ow n=0 n=-—o0 n=0

-1
|z| > |a| and the ROC for  Ya"z7" is |¢| <ﬁ. The intersection exists when |a| <1.
Nn=—o0 a

Thus Y (z) exists when |a| <1.



Question 3 (30%o)
The input signal of a filter can be described as

x[n] = 2sin(an)+ 3cos(bn —c)—2cos(dn +e) .
The impulse response of such a filter is given by

] = sin((n - f)g)l
(n—1)

@ If z>a>b>g>d >0, what is the output y[n] = x[n]® h[n]? (15%)
(b) If z>g>a>b>d >0,what is the output y[n]=x[n]®h[n]? (15%)

Answer to Question 3:

HEel®)=Hpe®)e I where HLp(ej“’)={”’ =9
0, <lw<rm
(@)
y[n] = -2z cos(d(n— f)+e)=—2zcos(dn - df +e)
(b)

y[n] = 2z sin(an — af ) + 3z cos(bn — bf —c¢)— 27 cos(dn —df +e)



Question 4 (20%o)

sin(10007t)

An analog signal is described as X, (t) = cos(100zt) + . What is the smallest

sampling frequency Fq =% in Hz for x4 (t) to be uniquely determined by its samples

Xa(NT), —o<n<mw?

Answer to Question 4:

0 .. . ;
1 Icejgtdgziﬂsm(ﬂct):Sln(.QCt)j T sin(«2;t) S0ty _ 1L 0<|Q<
27 _ g, 2zt wt 0, |2>0

_e 7t

Hence, the bandwidth €, for X, (j¢£2) is 1000z and the minimum sampling frequency
20,

27

=1000 Hz.

Fs



