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Question 1: (30%o)

Let X = [a,l+ j,0,1- j] be the DFT of the sequence x = [1,0,0, A].
(@) Determine «and 4. (10%)

(b) Determine the DFT of [1, 3,0,0]. (10%)

(c) Determine the DFT of [0,0,1, 8]. (10%)



Answer to Question 1:
@ a=1+p,1-=0=> =L a=2.
(b) X{(~n)s1=[5.,0,0]
DFT{X[(- n)y13=X[(-K),]=[21- .01+ j]
(©) x[(2-n),1=[0,0,1 5]

DFT{x[(2—-n)y13=(-D* X[(-k)s]=[2,~1+ j,0,-1~ ]




Question 2: (30%)

Let X '! =[1,0,1,0] be the DCT of the sequence x =[1,0,0,1].
(a) Determine the DCT of Yy = [1,0,0,1,1,0,0,1] (15%)
(b) Determine the DCT of z =[0,1,1,0]. (15%)



Answer to Question 2:

(@ Y" =[12,0,0,0,42,0,0,0]
(b) -+[0,1,1,0]=[1,1,1,1]-[1,0,0,1]

DCT{ [1,1,1,1]}=[2,0,0,0].

.z =[2,0,0,0]-[1,0,1,0]=[1,0,~1,0]



Question 3: (40%)
An analog signal can be expressed as
X(t) = ay cos(27t )+ ap cos(2F,t ) + ag cos(2zf4t ),
where F =1,000 Hz, F, =2,000 Hz and F3=2,500 Hz. We would like to remove the
sinusoidal components associated with frequencies F, and F3 using a digital low-pass

filter after we sample this signal as a discrete-time sequence.

(@) What is the minimum sampling frequency Fg to generate a discrete-time sequence
x[n]=x(t)|,_n without aliasing? (5%)

FS

(b) Using the sampling frequency in (a), design a digital window-FIR lowpass filter.
What is the minimum filter-order N among all possible window sequences? (10%)

(c) What is the attenuation in dB in the stopband for the chosen window sequence in (b)?
(5%)

(d) What is the impulse response for the causal lowpass filter using the window sequence
in (b)? (20%)



Answer to Question 3:

(@) The Nyquiste rate is Fg =5,000 Hz.

(b) x[n]=g cos(%mj +ay cos(%mj + ag cos(zn)

We can assign the specs as follows:
27 A 1(

2

-
Thus, the minimum filter-order is controlled by the transition bandwidth Aw = Z?ﬂ

):3?7[, Aw

such that N >10 (rectangular window).
(c) -13 dB.

. 3z
(d) h[n]=1°" C(?(n - 5)) 0<n<10
0, otherwise



