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ECE 438 Exam No. 2 Spring 2012

. You have 50 minutes to work the following four problems.
. Be sure to show all your work to obtain full credit.

. The exam is closed book and closed notes.

J Calculators are not permitted.

1. (25 pts.) Consider a causal LTI system with transfer function

H(z)=

F )
a.  (2) Sketch the locations of the poles and zeros.

b.  (8) Use the graphical approach to determine the magnitude and phase of the

frequency response H(w),for @ =0and @ =7/2 radians/sample. (Be sure
to show your work.)

C.  (2)Is the system stable? Explain why or why not.

d.  (4) Find a difference equation for yln] in terms of x[n], corresponding to this
transfer function H(z).

e.  (9) Find the impulse response hin] corresponding to this transfer function
H(z). ;‘ 1!"‘«7(
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1. (continued - 1)
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2. (25) Consider the two 6-point signals

1, 0<n<2
n, 0<n<6 yln]=4-1, 3<n<5
x[n]=
0, else 0, else
and

a. (10) Compute the aperiodic convolution z[n] of these two signals.

b. (13) Compute the 6-point periodic (circular) convolution w[n] of these two
signals.

c. (2) Determine to what length N both signals must be padded with zeros for the
entire non-zero part of the aperiodic convolution z[n] to be contained within the
N -point periodic (circular) convolution w[n] for some range of values of n .
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3. (25 pts) Fast Fourier Transform Algorithm

a) (15) Derive the complete equations that describe a Fast Fourier Transform
(FFT) Algorithm to compute the 55-point Discrete Fourier Transform (DFT).
Do not provide a flow diagram.

b) (3) Determine the number of complex operations to compute a 55-point DFT
by direct evaluation of the expression for the DFT.

¢) (4) Determine the number of complex operations to compute a 55 point DFT
by using your FFT algorithm derived in part (a) above.
Let *[7] be a 55-point signal. Suppose we zero-pad it to generate a 64-point
signat Y1
(] xin], n=0,1,...,54,
10, n=5536....,63
d) (3) Determine how many complex operations would be required to compute

the 64-point DFT of ¥ [n] using a radix-2 FFT algorithm. Note: you do not
need to take into account the fact that some of the data points in the signal

Nl yave value zero.
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4. (25)Let Ml n=0,. . N =T jo10te an NV-point signal, where N is assumed to be
) _ :
even. Let Xkl k=0,...,N~1 denote the N-point Discrete Fourier Transform

(DFT) of *[1] Define an ¥/ 21point gonqa) ¥nln=0,....N/2Z=1 40 0rding to
y[n]=x[2n],n=O,...,N/2——1.

: (N12) _
Find a simple expression for the (N [2)point npp Y7 lk], k=0,.. ,N/2~1 ;

i ) _
terms of the V-Point ppr X[kl k=0,...N~1
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4.  (continued - 1)
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4. (25 Let Xthn=0,..N =1 o pe an N-point signal, where V is assumed to be

(V) _ )
X [,k l,£=0,....N-1 denote the N-point Discrete Fourier Transform
N/2-1

even. Let
(DFT) of 7] Define an (V / 2)-point signal ylnl,n=0,...,
yin]= x[2n],n:0,...,N/2—l.

according to

. (N12) -
Find a simple expression for the (N /2)point ppp Y[k, k=0,...,N /2~1 in
N—-point DFT X(N)[k], k = O,...,N—‘ 1 .
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