GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL of ELECTRICAL & COMPUTER ENGINEERING

QUIZ #1
DATE: 12-Feb-14 COURSE: ECE 3084A (Prof. Michaels)

NAME: STUDENT +#:
LAST, FIRST

e Write your name on the front page ONLY. Do not unstaple the test. You should have an
additional sheet with Fourier transform tables.

e (Calculators are permitted, but are to be used only for calculations, not to store notes, etc. No
laptops, phones, or other electronic devices are allowed. Keep the desks clear of all backpacks,
books, etc.

e This is a closed book exam. However, one page (8%” x 11”) of HAND-WRITTEN notes is
permitted; it is OK to write on both sides.

e Unless stated otherwise, justify your reasoning clearly to receive any partial credit.

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.

e The room is small for the number of students in this section. BE CAREFUL TO NOT
LET YOUR EYES WANDER. Any sort of communication with your fellow students
during this exam is strictly forbidden. Any attempt to read off of your neighbor’s exam will
result in unpleasant disciplinary action.

Please sign the following statement: One or more students will be taking a makeup quiz,
and I will not discuss the contents of this quiz with anyone until the solutions are
posted. I understand that if I do, it is a violation of the student honor code.

Signature:

Problem | Value | Score

1 20
2 20
3 20
4 20
) 20




Problem Q1.1:
(5 pts each) Your friend gives you four black boxes, each with a single input and a single output,
and asks for your help to determine whether or not they are LTI systems. You tell your friend that
the best you can do is to test the systems with a few inputs and try to identify which ones are
definitely NOT LTI systems. Given the two inputs and corresponding two outputs for each of the
four systems, classify each system as one of the following:

(A) Possibly LTI (linear and time-invariant)

(B) NOT LINEAR but possibly time-invariant
(C) NOT TIME INVARIANT but possibly linear
(D)

D) NEITHER LINEAR NOR TIME INVARIANT

(a) System # 1

’ Input ‘ Output ‘
x1(t) = u(t) y1(t) = 220Dyt — 1)
To(t) = 2u(t — 10) | yo(t) = 42012yt — 12)

Circle One: A B C D

(b) System # 2

’ Input ‘ Output ‘
1 (t) = u(t) y1(t) = 10[u(t —5) — u(t — 6)]
xa(t) = 2u(t — 10) | y2(t) = 20[u(t — 15) — u(t — 16)]

Circle One: A B C D

(c) System # 3

’ Input ‘ Output ‘
x1(t) = cos(bt) | yi(t) = 5sin(5¢t)
xo(t) = cos(10t) | y2(t) = 2 cos(10t)

Circle One: A B C D

(d) System # 4

’ Input ‘ Output ‘
x1(t) = cos(bt) | yi1(t) = 20cos(5t) + sin(10¢)
xa(t) = cos(10t) | y2(t) = 10sin(10¢) + cos(20t)

Circle One: A B C D



Problem Q1.2:
(5 pts each) The four parts of this problem are unrelated to each other.

(a) Simplify the expression {t*[u(t + 1) x 6(t — 2)]} * u(t — 3) =

(b) Simplify the expression /

—00

t 3
cos(0.577) Z O(r — k)dr =
k=0

(¢) Find X (jw), the Fourier transform of z(t) = 4e~ " Du(t — 1) cos(10¢).

(d) Find z(t), the inverse Fourier transform of X (jw) = 1 — [u(w + 5) — u(w — 5)]. (Note that
this is a perfect high pass filter with w. = 5.)



Problem Q1.3:

(20 pts) Find and accurately sketch y(t) = x(t) * h(t) where x(t) = (1 —t))[u(t) — u(t — 2)] and
h(t) =u(t—1) —u(t— 7). For full credit (and maximum partial credit), you need to find equations
for y(t) in each region as well as include a plot of y(¢) showing its correct shape with correct
horizontal and vertical axis labels. Intermediate plots are also strongly recommended. You must
show your work to get full credit. Hint: If you find yourself doing a lot of algebra, STOP! It

isn’t necessary.



Problem Q1.4:

Let z4(t) be the half-wave rectified sine wave shown below with period Ty and Fourier series

1+ eIk
coefficients a1 = —j/4, a_1 = +j/4, and aj, = (1= ) for all other k.
X(t
L4 ()
>
2T, T, K T, 2T,
(a) (5 pts) Determine which, if any, Fourier coefficients of x,(t) are zero. Hint: /™ = —1F,

(b) (10 pts) Use the appropriate property of Fourier series to find the the Fourier series coefficients
by, for the shifted signal z(t) = x4(t —Tp/2). Don’t forget about the k = +1 terms. For what
values of k are the b, equal to the a;?

(c) (5 pts) Now let x.(t) = x4(t) — xp(t). Find the Fourier coefficients ¢ of z.(t). Be sure to
simplify your answer as much as possible. Now which coefficients are non-zero? Why?



Problem Q1.5:

Consider the general LTI system shown below with impulse response h(t), frequency response

in(2
sin(2¢) x cos(10t).

H(jw), input z(t) and output y(¢). The impulse response is h(t) =

x(t) LTI System y(®)

_—— —_——

h(t) and H(jw)

(a) (10 pts) Find H (jw), the frequency response of the system, and sketch it. Make sure that the
horizontal and vertical axes are correctly labeled, and that it is clear where H (jw) is zero (if
anywhere).

(b) (10 pts) Find the output y(t) for (t) = 5cos(t) + 10 cos(9t + 7/4) — 25(t — 3).
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Problem Ql 1: :
(5 pts each) Your friend gives you four black boxes, each with a smgle mput and a single output,
~ and asks for your “help to determine whether or not they are LTI systems: You tell your friend that ‘
~ the best you can do is to test the systems with a few inputs and try to identify which ones are
- definitely NOT LTI systems. Given the two inputs and correspondmg two outputs for each of the
four systems, classify each system as one of the following: v S '
(A) Possibly LTI (linear and tlme—mvarlant)
(B) NOT LINEAR but possibly time-invariant
(C) NOT TIME INVARIANT but possibly linear
(D) NEITHER LINEAR NOR TIME INVARIANT

(a) System # 1 e g R
R . T LT:E“ ZL{:"’H

n() =u(t) | n(t)=220Dui-1) g, )= e u({t“ﬂ
To(t) = 2u(t — 1 = 4e2012) (¢ ‘ '
2(t) = 2u(t — 10) | ya(t) = 4e~ 2Dy g 12) MD+ ’hm tavaiawt

Circle One: A B @ D

(b) System # 2

Input I : Outpui ’ | ] l‘P LTI
=)l —0tt-9)-ut 01|y ) 2@[ (os) —u Uc— 6)]
z2(t) = 2u(t — 10) | ya(t) = 20[u(t — 15) — u(t — 16)] o
. C/o RIS b.o. LTk

Circle One: . B ¢ D

(c) System # 3

| mww | Owpm | Sansord v = Dnusold acd
z1(t) = cos(5t) | 1(t) =5 sin(5¢)
o (t) = cos(10t) | ya(t) = 2cos(10t) | - - C QL/"QJ‘k m L';T L

Circle One: @ B C D

~ (d) System # 4

b T o) Seid e 2 Stuselds
z1(t) = cos(5t) | y1(t) = 20 cos(5¢t) + sin(10t) 0
T2(t) = cos(10t) | va(t) = 10sin(10t) 4 cos(20t)

Not (\v\ém} Could (2o

T i — i va ot

Circle One: A C D




. 7» ‘Problem Ql 2:
_ (5 pts each) The four parts of thls problem are unrelated to each other

(a) Slmphfy the expresswn {tz[u(t + 1) X 8(t = 2)]} * u(t 3) {’{ 5 (,'éi”;\)g %‘ U’té'”a\)
L4 SE-2) % ult 5) | |

quUc 5)

o (b) Slmphfy the expression / cos(0. 571'7' Z §(r — k)dr _]CO 5(? ’T)[g(’ﬂ '\"g (T"') +§(T"a +§( 'Y'%)]JT

_ f{igcﬂ ro S(”r-»ﬁ ~| Sir-2). to Sw-a)] A7

—00

—u (H ULUc Z)
(c) Find X(jw) the Fc;urler t?ransform of z(t) = 4(% =Dyt — 1)003(10t) -—(X(/{/) Cos (,|D“T>
( m\) - LWLQ CJUQ ‘ : '
YJ - T_;ggf o Use ‘(Y\oduko}\\"‘am QWOQ(-’J"& |
| ;Ze’é (bb—k\o\ Qe“’g\ (LQ-—\D\

| X%L\)\ = —kg (@—t‘\ow ( _%% (W -—\ O) |

~(d) Find x(t), the inverse Fourier transform of X (jw) =1 - [u(w +5) - w(w — 5)]. (Note that
thls is a perfect hlgh pass filter with we = 5.) , :

| _Trt




Problem Q1.3: ' o ’ '

(20 pts) Find and accurately sketch y(t) —Am(t) % h(t) where z(t) = (1 — t))[u(t) — u(t — 2)] and
h(t) = u(t —1) —u(t — 7). For full credit (and maximum partial credit), you need to find equations ’
for y(t) in each region as well as include a plot of y(t) showing its correct shape with correct -
horizontal and vertical axis labels. Intermediate plots are also strongly recommended. You must®
show your work to get full credit. “Hint: If you find yozggelf doing a lot of algebra, STOP! It
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Problem Ql 4:

Let z4(t) be the half—wave rectified sine wave shown below with perlod To a,nd Fourler series

1+ e—imk -
coefficients a; = —j /4 a1 = +7 /4 and ak = T—lg; for all other k.

‘[\ ﬂ

() (5 pts) Determine which, if any, Fourier coefficients of x4(t) are zero. Hmt. 697’". (

Qo #0 Oegen = o) Olpd *
O 7O QW(\“ § ?ﬁ | Q,O#r:éh - O

()

] 0 ,‘ , — TO , 2To , |

(b) ’ (10 pts) Use the appréprla,te pléperﬁy of Fouﬁer series to find the the Fourier series coefficients
by, for the shifted signal xy(t) = 2,(t —Tp/2). Don’t forget about the k = +1 terms For What

va.lues of k are the by equal to the a? %—
Ak To L

b% = O{%/e C:)To C :Q&_e
be=Go  ©  been = Oein
7

€
b‘ - _Q[ = , b
_ & - Deadd =

(c) (5 pts) Now let zo(t) = ma(t) — zp(t). Find the Fourier coeficients ¢ of z(t). Be sure to
simplify your answer as much as possible. Now which coefficients are non-zero? Why'7

Cp = Og—boe AN c\o‘, 0 @xc,e,gf £ = Jr\

\ ~M+‘_

<y = +TF = %CSQ, oce ‘H\e oY\y NN - T ED
J = 4 coetBcieds bé?c?cx«fu\-»%

= W, = Sin (Wt )
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Problem Ql 5:

Cons1der the general LTI system shown below with 1mpulse response h(t) frequency responsev

2
. H (yw) input x(¢) and output y(t). The impulse response is h(t) _s_mw_(l cos(10t).
x(t) | LTISystem o

h(f) and H(jw) |

'(a) (10 pts) Fmd H(jw), the frequency response of the system and sketch it. Make sure that the
horizontal and vertical axes are correctly labeled, and that it is. clear Where H (jw) is zero (1f -

| ) = b GE) Cos (1 oﬂ
H(A@- ;H(er\n\Ar z Mw \DW
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(10 pts) Fmd the output y(¢ ) for z(t) = - 5 cos(t) + 10 cos(9t +m/ 4) 25(t — 3).
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