EE4150 Digital Signal Processing
Dr. Hsiao-Chun Wu

Midterm Examination, fall of 2006
Time: 10:40 ~11:30 a.m., Monday, October 16, 2006

Question 1 (30%o)

Determine whether or not each of the following signals is periodic. In case a signal is

periodic, specify its fundamental period.

(a) Discrete-time signal: x,[n] = kié[n—Bk], where o[n] is the unit sample sequence.
(10%)

(b) Discrete-time signal: x,[n] = écos(OA;;nk). (10%)

(c) Discrete-time signal: x3[n]:sin(0.1879677r n),u[n], where u[n] is the unit step
sequence. (10%)

Answer to Question 1:
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From the figure we can see x,[n] = §5[n —3Kk] is periodic with the period N = 3.
k=—c0

(b) %,[n] =cos(0.47zn)+ cos(0.8zn)+ cos(l.2zn)+ cos(1.677n)+ cos(2.07n)

Since T =2—7[,
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So x,[n] is periodic with period N =5.

(©)

X,[n] = sin(0.1879677rn)/,z[n] is not periodic because u[n] is not a periodic function.

Question 2 (30%0)
Write the difference equations for the following block diagrams and specify if they are

recursive or non-recursive systems: (15% each)

(a)




(b) o

Answer to Question 2:
(@)
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From the diagram we can get
m[n] = x[n]+1.2x[n —1] - 0.9x[n — 2]
y[n]= m[n]+ 0.7m[n —1]
= y[n] = x[n]+1.2x[n -1] - 0.9x[n - 2]
+0.7(x[n —1]+1.2x[n — 2] - 0.9x[n — 3])
= x[n]+1.2x[n —1] - 0.9x[n - 2]
+0.7x[n—1] + 0.84x[n — 2] — 0.63x[n — 3]
= X[n]+1.9x[n—1] - 0.06x[n — 2] — 0.63x[n — 3]
This system is non-recursive because the system output only depends on the input

signals.



(b)

X[n] ) yin]

{m[n] = X[n]+1.2x[n-1]-0.9x[n - 2]
yIn]=m[n]-0.7y[n-1]

= y[n]+0.7y[n-1] = x[n] + 1.2x[n — 1] — 0.9x[n — 2]
This system is recursive because the system output depends on the input signals and past

outputs.

Question 3 (40%0)

@) x[n]_{l % 3 2} and h[n]_{% -1 1}. Compute y[n]=x[n]® h[n],
n=0

n=0

where ® is linear convolution operation . (20%)

(b) Depict the block diagram for the difference equation: (20%)
y[n]=0.5y[n—1]-0.3y[n—2]+ x[n—1] - 0.5x[n—3]..

Answer to Question 3:

(a)

+00

y[n] = x[n]® h[n] = z X[k]h[n—K],

k=—c0
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We have y[n] = x[n]® h[n] with the length 4+ 3-1=6 and

y-1]=1x1=1
y[0]=1x2+(-1)x1=1
Y[1]=1x 3+ (-1)x 2+1x1=2
V[2]=1x2+(-1)x3+1x2=1
V[3]=(-)x2+1x3=1
y[4]=1x2=2

Therefore, y[n]={1,1,2,11,2},-1<n<4.

(b)
y[n]=0.5y[n—1]-0.3y[n—2]+ x[n —1] - 0.5x[n — 3]

= y[n]-0.5y[n-1]+ 0.3y[n— 2] = x[n —1] - 0.5x[n - 3].
The block diagram is:
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