GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL of ELECTRICAL & COMPUTER ENGINEERING

QUIZ #3

DATE: April 6, 2001 COURSE: ECE 2025

NAME: STUDENT #:
LAST, FIRST

Recitation Section: Circle the date & time when your Recitation Section meets (not Lab):
Mon-3p (L11:McClellan) M-4:30p (L13:Frazier)
Tues-9:30a (LO1:Casinovi) T-Noon (L03:Casinovi) T-1:30p (LO5:Bordelon)  T-3p (LO7:Bordelon)  T-4:30p (L09:Casinovi)

Thur-9:30a (LO2:Bordelon)  Th-Noon (L04:Bordelon)  Th-1:30p (L06:Smith) Th-3p (L08:Smith) Th-4:30p (L09:Casinovi)
Th-6p (L10:Casinovi)

e Write your name on the front page ONLY.
e Closed book, but a calculator is permitted.
e One page (8%” x 11") of HAND-WRITTEN notes permitted. OK to write on both sides.

e JUSTIFY your reasoning CLEARLY to receive any partial credit.
Explanations are also REQUIRED to receive FULL credit for any answer.

e You must write your answer in the space provided on the exam paper itself.
Only these answers will be graded. Circle your answers, or write them in the boxes provided.
If space is needed for scratch work, use the backs of pages.

Problem | Value | Score
1 25
2 25
3 25
4 25




Problem s-01-Q.3.1:

In each of the following cases, simplify the expression as much as possible using the properties
of the continuous-time unit impulse signal. In part (d) find the requested h(t). Provide some

explanation | or intermediate steps for each answer.

(a) e~ =Yyt —4)6(t —5) =

t—5

(b) /5(7’—1)d7:

—0o0

(€) (e ult — )} =

(d) {e=®Yu(t —4)}  h(t) = 2e tu(t) (find h(t) that satisfies this equation)



Problem s-01-Q.3.2:
A cascade of two FIR discrete-time systems is depicted by the following block diagram:

x[n] LTI wln] LTI y[n]
— »  System #1 »  System #2 |
Hy(z) Ha(z)

The first system is is defined by the following z-transform system function:
Hi(z) = (1+272).
The second system is defined by the z-transform system function
Hy(z) = (1 — re/02 1) (1 — re %0271 =1 — 2rcos(@p) 2z~ + 12272
(a) If the input to the first system is
x[n] = cos <gn) —o00<n < oo,

determine the output, wn], of the first system. Fzxpress your answer for w[n] as a single
cosine.

wln] =

(b) For the input of part (a), how should r and & in the system function of the second system,
Hj(z), be chosen so that y[n] = 0 for —oco < n < 00?

r = wo =

(c) For r and @y found in part (b) and the given system function H;(z), determine all the zeros
of the overall system function H(z) and plot them in the z-plane. If you were unable to find
values for r and wy in part (b), use values of r = .5 and Wy = 7/2 for this part.
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h(t)
1

Problem s-01-Q.3.3: 3

A linear time-invariant system has impulse response: ‘ 1 U R

(a) Is the LTI system stable? Give a reason to support your answer.

(b) Plot h(t — 7) versus 7, for t = 2. Label your plot carefully.

h(2—1)

-5 0 5 7 (in sec)

(c) If the input is x(t) = u(t), use the convolution integral to find y(2); i.e., y(t) when ¢t = 2.

(d) It can be seen that, for the input z(t) = u(t) and the given impulse response, the output is
’y(t) =0 for t <7} and for t > T5 ’ Find T and T5. your answers. You may “flip

and shift” either x(t) or h(t), whichever leads to the easiest solution.




Problem s-01-Q.3.4:

In each of the following cases, determine the Fourier transform, or inverse Fourier transform. Give

your answer as a formula or a plot. each answer by stating which property and
transform pair you used.

. ) 1 0<t<4
(a) Find X (jw) when z(t) = { 0 otherwise °

(b) Find s(t) when S(jw) = 470(w) 4 275 (w — 107) + 275 (w + 107).

(c) Find H(jw) when h(t) = % {Smft”) } .

(d) Plot |H(jw)| found in part (c) on the graph below.

|H (jw)|




Problem s-01-Q.3.1:
In each of the following cases, simplify the expression as much as possible using the properties

of the continuous-time unit impulse signal. In part (d) find the requested h(t). Provide some

or intermediate steps for each answer.
(a) e Vu(t —4)5(t-5) = @ ‘5‘4)u (5-4) §(#-5)
= SwN $¢-5) = L §(t-5)
"
i

t-5 e

o [sr-vir= wle-0] o w(t-s-)-upe) = w(t¢)
4, .

w(d) is Hae { —derwvative” % ult).

_t- (-4
© Letne-ny- VG- &7 w4
eval ot t=4 )
] ¢+
W e-4) € a0

—

- (t-4)
= SHt-4)—¢e w(€-4)
(d) {e =Du(t —4)} * h(t) = 2e 'u(t) (find h(t) that satisfies this equation)

R(E) most do fwo things - MUH—.'FIj bj 2 auwd alse
5”“:-?“: LEFT bv 4,

= RH)= 24(t+4)
x(b) # 2 §(t+4) = 2x (£+4)



Problem s-01-Q.3.2:
A cascade of two FIR discrete-time systems is depicted by the following block diagram:

LTI LTI
&, System #1 win] »| System #2 m"_’_y[n]
Hi(z) HQ(Z)

The first system is is defined by the following z-transform system function:
Hi(z) = (14 272).
The second system is defined by the z-transform system function
Hy(z) = (1 — re?®z71)(1 — re 7% 271) = 1 — 2r cos(@g)z ™ + 72272
(a) If the input to the first system is
z[n] = cos (z—n) — o0 < n < oo,
determine the output, w[n], of the first system. Ezpress your answer for win| as a single

cosine. Use. H,(E‘jﬁ) ot (:_1'--11'/4,

H ()= 1+ €’
H, (e’ 4)~[+e. v s 1-) = N2 e

~
‘IJ

wln] = d’icos(——n - %)

(b) For the input of part (a), how should r and @y in the system function of the second system,
Hj(z), be chosen so that y[n] = 0 for —oo < n < co?

we need o noll oot H=T4 auwd S=-T. ’hos we vle.ed

22405 on Hha umit circle.
The 2&ios %Hz('&)m re J% r= | cbo=1r/‘.

(c¢) For r and @ found in part (b) and the given system function H;(z), determine all the zeros
of the overall system function H(z) and plot them in the z-plane. If you were unable to find
values for v and &g in part (b), use values of r = .5 and &g = /2 for this part.

H(E):H.(Z)HZ(Z) ) 5o wg 1.5
heed +he 225 % boti " B ..... O
H(2) axd H.(2). 5 osl B
a U N
for R(2), He 2ers ana > o
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Real part



h(t)
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A linear time-invariant system has impulse response

Problem s-01-Q.3.3:
| -

(a) Is the LTI system stable? Give a reason to support your answer
Y&s (F is stoable becaumse

¢|h(4:)lclf: gaﬂ,{ +‘§3'-—'1J:£'-‘.-.. | +1= Q £°©

(b) Plot h(t — 7) versus 7, for t = 2. Label your plot carefully. = P 4 Shift by 2.

(2 —T)

-1 o
T (in sec)

-l
(c) If the input is z(t) = wu(t), use the convolution integral to find y(2); i.e., y(t) when t = 2
O

y(3)= Smx(ﬂ R0 dr = g"“u(t')h(i-‘r)&z- = g h(2-T)dT
oo Joo o
\use. Hhe picture above |

l
= S 14T = i
° to get h(a-%)

(d) It can be seen that, for the input z(t) = u(t) and the given impulse response, the output is
| (t)=0fort<T) and fort > Ty | Find T; and 1. your answers. You may “flip

y(t) =
and shift” either z(t) or h(t), whichever leads to the easiest solution

I we flip & shide x®)=u®) Whew 1< 1, Here 15
K@) Ro. ove«]aF S0 y({-)::o
o ll—l 3 Yy
u,(-l—-t") UJLM 't?.:'), Hare 1S
> Co\ufld-e overlap bot

“_/—’_\i- 4t T
/,/u +L9- - W 56‘2('(""

- 1__ = s 2em.
N \Tu(z-r) l—l_;TI ] |



Problem s-01-Q.3.4:

In each of the following cases, determine the Fourier transform, or inverse Fourier transform. Give

your answer as a formula or a plot. each answer by stating which property and

transform pair you used.

(a) Find X (jw) when z(t) = { é gtﬁei\:is‘i . | “E /ﬁf—ﬁg& :9 25e<.
o z 4 i
Tl = &7 2inlaw) T

""/2..

(b) Find s(t) when S(jw) = 47d(w) + 276(w — 107) + 270 (w + 10m).

ot _ylort
sih=a + &+ &?

=2 +2ces(iont)

(¢) Find H(jw) when h(t) = %{Siniﬂ) } fi_— —-EI" J'*-"

H(JH) = Jw [u(w+4n'] — u.(w-{l—rr)]
Red'ahgle Lrowm —Aw o +4m

(d) Plot |H(jw)| found in part (c) on the graph below.

ljwl= lw]

|H (jw)l




