GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL of ELECTRICAL & COMPUTER ENGINEERING

QUIZ #3

DATE: 9-Apr-04 COURSE: ECE-2025

NAME: GT #:
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Recitation Section: Circle the date & time when your Recitation Section meets (hot Lab):
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e Write your name on the front page ONLY. DO NOT unstaple the test.
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 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 previous pages.

Problem | Value | Score

1 25
2 25
3 25
4 25




PROBLEM sp-04-Q.3.1:
For each of the following expressions, reduce the expression to the simplest possible form:
(The operator denotes convolution.)

0
(@) f 45t + Aydt

sin(4w)
C()/2 w=0

(b)

(©) {e* " Put — D} x5t +4)

(d) {e*Dut - D}st+4

() st -1 =x8t+4

L
) a{e uct +4)



PROBLEM sp-04-Q.3.2:
For each of the following time-domain signals, select the correct match from the list of Fourier transforms
below. Write each answer in the box provided. (The operatox denotes convolution.)

(@) x(t) = —3e3/4u(t) + 48(t)

(b) x(t) = 4e=3F19y(t)

(c) x(t) =8t — 4 sin(t)

(d) x(t) =u(t —3) —u(t —5)

(€) x(t) = IM{s(t — 4) x el™t)

Each of the time signals above has a Fourier transform that can be found in the list below.

S j 16w
[0] X(Jw)—3+j4w
[1] X(ja)):Ze_M‘”M
w
. —-12
[2] X(Jw)=3+j4w

8] X(jw) = j2e7 % sin(4w)

[4] X(jo)=0
5] X(ja) = 2e7 SN
w
. sin(w)
[6] X(jo)= /2

[7] X(jo)=e1*[jrs(w+m)— jrd(w—7)]

8] X(jo)=s4e ™ x[jru(®+ ) — jru(w — )]

0] X(jo) =



PROBLEM sp-04-Q.3.3:

(a) Assume thah(t) = u(t + 3) — u(t — 1). Ploth(2 — 7) as a function of.
“h(2 - 1)

(b) When two finite-duration signals are convolved, the result is a finite-duration sighak= x(t)«h(t).
Suppose that(t) is the signal defined in part (a), and that the input signal is:

X(t) = e 2 {u(t — 2) — u(t — 9)}

Determine the duration (in secs.) of the output sign&) = x(t) * h(t).

Duration=

(c) If the input is changed t&(t) = 7u(t — 2), andh(t) is still defined as in part (a), then it will be true
that the output/(t) = h(t) = x(t) from the convolution can be written as

y(t) = B(t — Tro) {u(t — T12) — u(t — Taz)} + Cu(t — Taa)

whereB andC and the timed;, andT,3 are constants. Determine the values of these four parameters.




PROBLEM sp-04-Q.3.4: X(t) Continuous-Time y(t)

———»{ LTISystem |———

H(jw)

The periodic input to the above system is defined by the equation:
1/n
2 , — k#0
X(t) = Z ael 1Kt \here g = { 1+K
k=—2 0.1 k=0

(a) Determine the Fourier transform of the periodic sigrél). Give a formula and then plot it on the
graph below. Label your plot with numerical values to receive full credit.

X(jo) =

X(jw)

(b) The frequency response of the LTI system is given by the following equation:
j 10w

H(j“’):20+jw

Evaluate the frequency responseat 10, giving your answer in polar form (with numerical values):

atw = 10, |H(jw)| =

atw = 10,/H(jw) =

2
(c) Forx(t) given above, the output signal can be writteryéety = » ~ byelk"

k=—2
Determine the numerical values of the parametgrd, andb;.

bo =
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PROBLEM sp-04-Q.3.1:

For each of the following expressions, reduce the expression to the simplest possible form:
(The operator * denotes convolution.)

0
(a) / 48(t + 4)dr Answer =4
4 Twieqral range
'h ‘ . includes a’H\? I'MPulsa
T -4 { 7t
(b) sin(d) Answer = 8
a)/2 w=0
sin (4w 4o _
“2 W T
© {e™*Du@ — 1)} %8¢ +4) Answer = e 43y (r 4+ 3)
shift by -4
~4(t+4-1)
e ult+4-1)
@) {e = Vu@ — 1} st +4) Answer =0
Stats of 'l::]‘\ iMFulse. ot t=-4
() 8(t — 1) %x8(t +4) Answer = §(¢ + 3)
= §(t+4-)
® % le™¥ut +4)} Answer = —4de Yu(t + 4) + €'%5(t +4)

R —4t
= —4&¥tt+4) €7 SlH+4) — eval of tog

e (t+4)



PROBLEM sp-04-Q.3.2:

For each of the following time-domain signals, select the correct match from the list of Fourier transforms

below. Write each answer in the box provided.

(@) x(t) = =3e=3u(r) +48(2) ,-1_’

0 | HGw) = 1%

(b) x(1) = 47V u(r) —“——1’

9Q |HU9 =3y

(The operator * denotes convolution.)

—3 1-4 = —'._l_?‘_.. 4‘ = i,—-é—“--J
%—--p_)w 3+j4w 3-}:,'4(«)

4
(3J4)+Jw T 3 4j(w-4)

© x() =8(t ~ 4 sin(mr) = sin(4n)SH-4)= ©

4 |[H(jow)=0

@x)=u@t—-3)—ut -5 a2 ___ ,GVﬁ'H\ -2 ?ulse.

sin(w)

& ||H(jw) =2e77%

w

€ x(t) = In{s(t —Hxe™} = Sin(w(t-

centered o t=4

)

7 HGo) = e % jns(+7) — jréw—m)]

Each of the time signals above has a Fourier transform that can be found in the list below.

jlow
0] X(jw) = 3+ 4w
[1] X(jw) = 2¢ 4 S22
w
2] X(jw) =~
34 jdo

[3] X(jw) = j2e /* sin(4w)

[4] X(jw)=0
5] X(jw) = 2~ S0
w
L sin(w)
6] X(jo) = =70

[7] X(jw) =e /" [jné(w+7n)— jus(w—m)]

8] X(jo) = gre/* x [jru(w+7) — jru(w — )]

4

O] X(jo) = m



PROBLEM sp-04-Q.3.3:

(a) Assume that 2(¢) = u(t +3) — u(t — 1). Plot h(2 — 7) as a function of 7.

“h(2— 7)

"o
e
~/

o
Nt
\p ——

+ —

-3 ) =t

(b) When two finite-duration signals are convolved, the result is a finite-duration signal, y(z) = x(¢)*h(f)
Suppose that the input signal is:

x() =2 {ut —2) —u(t —9)}

Determine the duration (in secs.) of the output signal y(¢) = x(t) * h(z).
L@«gw Q X(1) = 7 szcs
Lewgth 3} Rit)= 4 secs.

Il seas,

Duration = 11 secs.

(c) If the input is changed to x(t) = 7u(z — 2), then it will be true that the output y(¢) = k() * x(¢) from
the convolution can be written as

y(@) = B(t — Ti2) {u(t — Typ) — u(t — To3)} + Cu(t — Tas)

where B and C and the times T}, and T»; are constants. Determine the values of these four parameters.
B=7 C =28

Tip =1 I3 =3

294 1)

1
Y
\
'

1

-1 1 3 »t




x(t) Continuous-Time y(t)
—— | LTISystem (——»

H(jw)

PROBLEM sp-04-Q.3.4:

The periodic input to the above system is defined by the equation:

) 1/ k£ 0
x(t) = Z akejmkt, where ap = | 1+K
k=—2 0.1 k=0

(a) Determine the Fourier transform of the periodic signal x(¢). Give a formula and then plot it on the
graph below. Label your plot with numerical values to receive full credit.

2 11 1 1
X(jo)= Y @radw—10k) (&)= {—, 50 0L —, 5}

P St 2w
X(jo)
ﬂS%') Q) 0.2 ﬂ(n ) ZY
vn' t ﬂ } : $ H + Tt
-0 -0 0 |O 20
(b) The frequency response of the LTI system is given by the following equation:
, 10w y loo
Hijeo) = 2(; +jw = 2 ,
W= o 20 + jie

Evaluate the frequency response at w = 10, giving your answer in polar form (with numerical values):

|H(j10)| = 4.472 LH(j10) = 1.107 rads = 0.3527 = 63.43°

2

(c) For x(z) given above, the output signal can be written as y(¢) = Z by
k=—2
Determine the numerical values of the parameters wg, by and b;.

ejkwot

wo = 10 rad/sec bo=0 by = 0.7118¢/ 1107

b= a, H(J%D = ay H(jIok)
at k=o, H(ioO)Y=0 = b.=o

=] — 1 11,107
k=17 b - L 44728

i



