FINAL EXAM D: ECE 2025B, Fall 1999

Problem fall-99-F.1:
IMPULSE RESPONSE: J
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For each of the impulse-response plots (J, K, L, M, N, O), determine which one of the following
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systems (specified by either an H(2) or a difference equation) matches the impulse response.

S1:  y[n] = —T5y[n— 1] + z[n]

14272
S2: H(2) = g5
4
53 : H(Z) = Z Z_k
k=0

14272

Sa: H()=1—gm =

Mark your answer in the following table:

2 -1
S: H@) =13+ 15,7
4
Se: H(z)=) (0.9)z7*
k=0

S7:  yn] =z[n] —zn-—1]
83: H(Z)=1—2_4

[TMPULSE RESPONSE | SYSTEM (S;) ]| IMPULSE RESPONSE | SYSTEM (Sg)
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N 7 0 2
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Problem fall-99-F.2:
FREQ RESPONSE: A

FREQ RESPONSE: B
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For each of the frequency response plots (A, B, C, D, E, F), determine which one of the follow-

ing systems (specified by either an H(z) or a difference equation) matches the frequency response

(magnitude only). NOTE: frequency axis is normalized; it is @ /7.

: 2 -1

Si: yln) = —T5yln— 1] +z[n) S H() =1 +1—=

14272 4
S2: H(2) = 555= Se:  H(z)= 3 (0.9)z7*

) k=0
Sy: H(z)=> z"* S7:  yln] =z[n] —zn - 1]
k=0
: =1-—2"%
I Ss H(z) z

34: H(Z)Z

Mark your answer in the following table:

[FREQUENCY RESPONSE | SYSTEM (S4)

FREQUENCY RESPONSE | SYSTEM (S)

A 7] B 2
C 2 D 1
E 3 F 7
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Problem fall-99-F.3:

A discrete-time system is defined by the following system function:

1 —2 1 272
H(z) = — 2 =

107521 1-0721 1071

(a) Use the first form of H(z) to determine all the poles and zeros of H(z) and plot them in the

z-plane.

4 1.5 . ; .

Hizy = 2+ 5 5 5
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(b) Use the second form of H(z) above to find the corresponding impulse response h[n].

M\Enl = (.7‘3)“ Uil + (.75){1-1an -2]

(¢) Use the first form of H(z) to obtain an expression for the magnitude-squared of the frequency
response |H (e/®)|? = H(e’¥)H*(e*). Your answer should involve only real quantities.

\erl:’)\l: | + e‘\z“:"&~ (\ e 5”’)

|- ase /N (- aset®
A A
T k2w (aw) + 1 _ 9_( |+C4JD(9W))
| = 1S W +(19)° LSS~/ 5w

(d) For what value of & will it be true that y[n] = 0 for —oo < n < oo when the input to the
system is z[n] = e/“" for —co < n < 007 B:t"f/z_

Swwan w@ bave o oo ot 2sTlize
S =1,
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Problem fall-99-F .4:

- 29(%-2)

(a) Given that y(t) = z(t) * h(t), find h(t). h(t) =

pu() = (t) xh(t) = 2X(¢€ = 2)
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(c) Plot y(t) = z(t)[6(t — 2) + §(t — 4)] on the graph on the right.
py(@) = z()[6(t - 2) + 6(t — 4)]

3=(®)
2T _ 3
] u) [\
} T ] } T > } IT T + } >
—2 0 2 4 6 8 t -2 0 2 4 6 t

8
Y= (e[S r Se=9)]
XH)%(I‘~1)+K(+)S(15-G)

(28 (e-2) & X(4) B (t-9)
Slt-2)+2 S(t-4)
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Problem fall-99-F.5:
z(t) w(t) | LTI System y(?)

H(jw)

b J

p(t) = 2 cos(2007t) + 2 cos(4007t)

In the above modulation/filtering system, assume that the input signal z(¢) has a bandlimited

Fourier transform X (jw) as depicted in | Figure F.5 | below.

X (jw)
A

1007 | 1007 "

(a) Give the general equation that expresses W(jw), the Fourier transform of
w(t) = z(t)[2 cos(200mt) + 2 cos(400nt)], in terms of X (jw).

wiw) = X((0 —200m)) + X ((w +00m)) + X () (0-4007)) + X [1(w+ yan)
Also, plot the Fourier transform W (jw) for the specific input z(t) whose Fourier transform
X (jw) is given above in . Note that the negative frequency portion of the Fourier

transform X (jw) ts shaded. Mark the corresponding region or regions in your plot of W(jw),
and be sure to carefully label both amplitudes and frequencies.

W(jw
T I[ Ll ] s v o [ } v 3 T L Il L} : :
—400m —200m 2007 4007 w
(b) It is desired that the output of the filter be y(t) = z(t) cos(2007t). Plot the Fourier trans-
form Y (jw) below for the X (jw) given in Flgure F.5|above. Be sure to carefully label both
amplitudes and frequencies.
Y(Jw)
. ) l'” :ll [| l \ —
' —4007 ' —2007 ' 2007 4007 w
(c) Plot the frequency response H(jw) of a filter that is required to obtain y(t) from w(t). Be
sure to carefully label the cutoff frequency(s) and gain of the filter.
H(jw)
( —
T —alor _ymy 2000wy O jom  200m  zeom 400r @

L ovop ano oo wrerba,
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Problem fall-99-F.6:
h(t) =u(t+1) —u(t—1)

t
1
The impulse response of an LTI system is
—1 1 "
(a) Determine the frequency response H(jw) of the system.
|
: t
_\wt -3 o U
H(.\w):\ € A= < < &AM W
- | -y w - w
——

(b) Make a carefully labeled sketch of H(jw) on the axes below.
F H(]WJ . ‘L

I m— Y |

—_— N,
—47r -3 —21'T\JZ’JT 0 T 2m 3 4

(¢) Is the LTI system stable? Explain your answer to receive full credit.

%JAJ(V:.S-L‘QJLQQ CAMA_L
Si&t = L <
=)

(d) Is the LTI system causal? Explain your answer to receive full credit.

\\Bo\}wwgij

Wit)#0 <0
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Confinlisus T4
Problem fall-99-F.7: @ ™I Syetem | Y®

h(t) and H(jw)

The periodic input to the above LTI system has Fourier transform X (jw) as below:

X(jw)
21 2)
T/ 1) T/ 1)
-5 @, -4 @, -2 @, - @ 0 @, 20 o * 4"’0 50::0 w
(-2 n/ 3m) (-2 n/ 3m)

where the dark arrows denote impulses.

For the following outputs of the system, determine from the list below the frequency response
of the system that could have produced that output when the input is the signal with the given
Fourier transform. [Circle the correct answer. There is only one correct answer in each case.]

(a) y(t) = a(t - b): n @ e ®w © © 0
(b) y(t) = =(t) - & @ o 6o @ 6 © o
(¢) y(t) = § + 2 coslwo(t — )1 v @ @ @ 6 @ o
(d) y(t) = £ cos(wot): v ® B @ 6 ®

() u(t) = §: mn @ 6 @ G 6

The possible filters are described by the following equations and graphs. Some of these may not be
used.

LN 0 |w| <(.¢J(]/2 P 1 |L-.)| <w0/2
1. H{jw) = { 1 lw| > wo/2 5 H(jw) = { 0 lw| > wp/2
2. H(jw) = e /? N eI9/?  |w| < 3wo/2
6. H{jw) =1 ¢ lw| > 3wo/2
3. H(jw) = 3[1 + cos(wTp)]
7. L H(w)
4. JHGW) 1
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Problem fall-99-F.8:

Consider the following system for discrete-time filtering of a continuous-time signal:

1 ]
I LTI I
wf dsh Lo Ll g f
: Converter H(e) Converter :
' f f |
L =11 ____ Ts=1/fs __,
Heff(jw)

(a) In this part, assume that y[n] = z[n] (i.e., the identity system) and assume that the input
signal x(¢) has a bandlimited Fourier transform X (jw) as depicted below. For this input
signal, what is the smallest value of the sampling frequency f; such that y(¢) = z(t)?

X(jw)

smallest f; = / 00 samples/sec

—100m ! 1007 "W

(b) In this part again assume that y[n] = z[n] (i.e., the identity system) but now assume that
the input signal is z(¢) = 10 cos(1507t + 7/3). If the sampling rate is|f; = 100 samples/sec,]
what is the corresponding output y(t)7 T R

X(n] 2 10 (150N Vqt T/3) = 10 co (157N +/3)

= 10 e (2Mn=.87n +Wa) = 10 (SN =T/3)

) \é[{-) = (O P (.S'W'th =Ty)= 10 C-J‘(b‘f’”i"“/B)

(c) In this part, assume that the discrete-time system has frequency response H(e’®) defined by

the following plot: »
. H(e™)

r |

-

[SE]

Now, if | fs = 200 samples/sec ], make a carefully labeled plot below of Heg(jw), the effective

frequency response of the overall system. Also plot Y (jw), the Fourier transform of the out-
put y(t), when the input has Fourier transform X (jw) as depicted in the graph of part (a).

Hepp () = H(ed2?)
Y Hegt (jw) Y (jw)
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