March 20, 1998 Name: Sc_ HAUTIONSDS

EE 438 Exam No. 2 Spring 1998
. 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.

. Calculators are permitted.

1. (30 pts.) Consider the causal system defined by the equation y[n]= x[n]- % y[rn—1],

with input x[n]=(2)"u[-n].
a. (12) Find the Z transform Y(z)of the output y[n].
b.  (6) Sketch a plot of the poles and zeros for Y(z), and show its region of ]Q OC .

C. ((:f;;z;giingc;cmr expression for ¥(z), find the response y[n]. 'Z | ) >
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1. (continued)
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2. (20 pts.) Consider the continuous-time signal x(7) = cos(27z(1000)¢).
a.  (5) Find and sketch the CTFT X(f).

b. (15) Let x[n]= x(n/10*). Find and sketch the 20 point DFT X{k] of
x[n],0=n <19,
Hint: Use the formulas wherever they are applicable.

a) X(£)= 5(4_.m>+ § (+1000) |

b) x(n) is a smpled version of ().
Samp\irB ﬁeguer% (s <= 10, 000 Haz .

X(n]= Oos[gﬂ,(m)) _Oh_]: oos[ zzézn)J
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X[k = 2[ 602>+ §Ce-(20-23)]  OLEC20
X [€) = 100 8Ce-2) + 8 (L-18)]
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3. (20 pts.) Consider the length N signal x[n], 0 <n < N —1. Define another length N
signal y[n]l=(-1)"x[n],0<n< N-1.

a. (14) Find a simple expression for the N point DFT Y[k] in terms of the N point
DFT X[k].
b. (4) Sketch Y[k] for the case where x[n]=cos(sn/5), and N =20.

¢. (2) Comment on the relation between your answer for parts a and b of Problem 2
and your answer to part b of this problem.

0) Notice Phot (=" = ™"

NZ—I (~1)" xCn) I N
N[e)= 2 (0 xtn) e 77 an(k-Y)
=0 . ,,__j,__k‘5(_2> -—

nN //,// \ QJ N

(|

-~ , vk h
(a7} (e
As=uming N is even.
N (e-y] :
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b) x[n]) = cos(T0) = cos (2L20)  As in pob2bl
T oFT
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3. (continued)

Y(el= X [e-10] = (o] §(w-0-2) + §l-o-18),

= |O[SCY_-(2)+ 5(&-—8)} 04 <20
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4. (30 pts.) You have a subroutine that computes thebut you wish to

compute a DFT X***[k] of a signal x[n]that is exactly 384 points in length.

a.  (14) Find an expression for X®*¥[k] that shows how it can be computed
efficiently by using your radix 2 FFT subroutine.

b.  (10) Based on your answer to part a, draw a flow diagram for the algorithm.
(Just show your radix 2 FFT as a single block; don’t attempt to break it down.)

c (6) Determine the number of complex operations required for this computation.

0) Notce Hat 384 = 3123
50 we can COmpo{'e Q 38%-ch DFT b& COmloinin%
three [28-pt DFT5. Each [28-pt DFT can be
compujceel Q\Cﬁciem%g bg usin% a vodix-2 FFT. (128=2)

Defive - Xoln] = A {3n+o] 0=0,-.-,127
X [n) = X (3n+1])

X2 [n] = X(3n+2]) ‘Jgﬁn'—
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4. (continued) (22) w 354 (534‘)
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o) CO(Y)pU‘I'O‘I'fOﬁ : Reaall: | complex op = lcomplex add and | Cam plex lﬂu”’!’P
* Toch 128-pt radix-2 FFT = |123. log, 128 = 1287 complex operations
» For each output point =

4
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X Te1= W Ko 061 W X X Ce1
two complex  {Fuwo adds J-MM%
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Totad: 3x (128-7) + 334 (2) = 3,456 co's
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