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PROBLEM 1. (20 points) Letg(t) = t(u(t) —u(t-1)).
@) Its energy is £ =

1
(b) Evaluate the integral I g(t)d(t —0.6)dt =
(c) Shown below are eight different plots of:  z(t) = g(t + T') + g(t - Bt),

labeled A through H. Match each plot to the corresponding set of constants
{T, B, T} by writing a letter (from A through H) in each answer box:

T
1.4 p T ANSWER
z(t) 1 0.2 5 0
A
" T T T T - ot 0 10 8
-0.2 0 02 04 06 08 1 1.2 t
14 0.2 5 1
z(t) 1
B -0.2 5 2
02 0 02 04 06 08 1 1.2 e
L 0 10 6
z(t)
C N 0 10 0
02 0 02 04 06 08 1 1.2 t
0.2 5 5
1
z(t)
D -0.2 10 5
02 0 02 04 06 08 1 1.2 &
z(t) 1
E
02 0 02 04 06 08 1 12 o
1
z(t)
F
02 0 02 04 06 08 1 1.2 '
1
2(t) -
02 0 02 04 06 08 1 12 T
a(t) 1
H
02 0 02 04 06 08 1 1.2 .



PROBLEM 2. (20 points — 1 1
(20p ) z(t) h(t)
Consider the signals z(t)

and h(t) shown on the right: ‘
0 1 0 2

=V
Y

\l

(@)  Specify the amplitude A and times ¢, through ¢, by writing numbers in the 5 answer boxes above.
(b) Specify equations as a function of ¢ for the output y(¢) in the two missing regions below:

d 0, fort < t,

fort, <t <t,

y(t) = < A, fort, <t <t,

fort3<t<t4

§ 0, fort>1t,



PROBLEM 3. (20 points)

Shown below are the relationships between the input z(¢) and output y(¢ ) of two systems.
Specify which properties listed on the left are satisfied by each: (Brief explanations are OK!)

SYSTEM#L: y(t) = x(|t|) SYSTEM#2: y(t) = z(cos(t))
Linear? YES  NO YES  NO
Time Invariant? YEs _no YES  NO
Memoryless? ~ Yes  no YES  NO
Invertible? YES  NO YES  NO
Causal? YES  NO YES  NO
Stable? YES  NO YES  NO



PROBLEM 4. (20 points)

Shown on the left are impulse responses of eight different LTI filters, labeled A through H. (The impulse
responses are all zero before ¢ = 0 and after ¢ = 1.) Shown on the right are the magnitude responses for
these filters, but in a scrambled order. Match each magnitude response to its corresponding impulse
response by writing a letter (A through H) in each answer box.

1 —
h(t) g
A =
\ -
-40m 0 407 ®
—_ 1/6
38
5}
-407 0 407 o)
_ 0.5
2
=
-40n 0 40n ®
/5 ‘/\NM/\ 0.05
=
= J | | L
407 0 407 »
L
0 1t B 0.123
1 =
h(t) = |
E -40n 0 40 @
‘ \ ‘ > 1/12
0 1 t —
é
h(t) 1 F = | | L
| | | ‘L ‘ -407 0 40n ®
0 1 t
_ 1/6
1 5 0.05
=
h(t) G =
-407 0 407 o
A .
0 1t _
h(t) H 2
S
0 Lt T
-40n 0 S 40n O



PROBLEM 5. (20 points)

2 .
The signal z(t) = Zk:_z 2l¥ledh7t s fed into the following cascade of three LTI systems:

2 .
z(t) = kgt : :
e [N R P

Y
Y

Hy(jo) = jo = Y1)

The first system has impulse response h,(t) = sin(Wt)/(nt); the second system is a delay-by-t
system with frequency response H,(jm) = e~/®%; the third system is a differentiator, with
frequency response H,(jw) = jo. The parameters 17 and ¢y are unspecified.

60
(@) Evaluate the integraIJ‘ z(t)dt =

-10

(b) Choose the positive parameters W and ¢, so that the overall output will be zero (y(t) = 0):

W: B tOZ

(c) Choose the nonzero parameters W and ¢, so that the overall output will be a sinusoid of the form
y(t) = Acos(mt), and also specify the sinusoid amplitude A:

W: s tO: s A:
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Table of Fourier Transform Pairs

Signal Name

Time-Domain: x(t)

Frequency-Domain: X (jw)

1
Right-sided tial —aly(t >0
ight-sided exponentia e~ "u(t) (a>0) p——
1
Left-sided exponential eu(—t) (b>0) —
—jw
i T/2
Square pulse [u(t+T/2) —u(t —T/2)] smE:u/2/)
) ) sin(wot)
“sin¢” function ; [u(w + wo) — u(w — wp)]
77
Impulse d(t) 1
Shifted impulse o(t —to) e~Jwto
Complex exponential elwot 276 (w — wo)
General cosine A cos(wot + ¢) TAeI?§(w — wo) + mAe I (w + wo)
Cosine cos(wot) m0(w — wp) + T (w + wo)
Sine sin(wot) —jmd(w — wo) + jmo(w + wo)

General periodic signal

k=—00

o
Z akejkwot

Z 2mapd(w — kwo)

k=—00

Impulse train

SIS

n=—oo

) TS Sl — 2mk/T)

k=—o00

Table of Fourier Transform Properties

Property Name | Time-Domain x(t) Frequency-Domain X (jw)
Linearity axy(t) + bxa(t) aXi(jw) + bXs(jw)
Conjugation x*(t) X*(—jw)
Time-Reversal x(—t) X(—jw)

Scaling f(at) ‘%X(j (w/a))

Delay x(t —tg) e Iwt X (jw)
Modulation x(t)elwot X(j(w—wo))
Modulation x(t) cos(wot) X (j(w—wo)) + 3 X (§(w + wo))
Differentiation d];xtlgt) (jw)* X (jw)
Convolution x(t) * h(t) X(jw)H (jw)
Multiplication x(t)p(t) =X (jw) * P(jw)
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PROBLEM 1. (20 points) Letg(t) = t(u(t t—

C

| | { 2 _—

(@) Itsenergyis E = , "‘é‘ L = jo t d't ‘)
(b) Evaluate the integral Il g(t)d(t —0.6)dt = | O. 6 - %(_-— (5(“: B :{3[;’))

(¢) Shown below are eight different plots of:  z(¢) = g(t + T) + g(t—pt),

labeled A through H. Match each plot to the corresponding set of constants
{T, B, T} by writing a letter (from A through H) in each answer box:

’ - o
A e QF l r B T ANSWER
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PROBLEM 2. (20 points) 1
h(t)
Consider the signals (%)
and h(t) shown on the right: T A e n-t
0 1 0 2

Here is a plot of the convolution y(t) = z(t) * h(t), on a different scale:

. A‘

i !

| [ - -
1

i

L

(@) Specify the amplitude A and times ¢, through ¢, by writing numbers in the 5 answer boxes above.

(b) Specify equations as a function of ¢ for the output y(t) in the two missing regions below:

r 0, fort < t,
ﬂ | -%Uék-l:]:;[mlt = = I % -
--—- 0 j-( !L, A e L B
t uli) < M A, for ¢, < t < t,
i) . —
’K'\rcq ;r, i '- (‘t-l) | 2 for t3 ik t4
o 1} C T t-2 § 0, for ¢ > t,
t'.q_ ’C



PROBLEM 3. (20 points)

Linear?

Shown below are the relationships between the input z(#) and output y( ) of two systems.
Specify which properties listed on the left are satisfied by each: (Brief explanations are OK!)

SYSTEM#1: y(t) = =(|¢])

YES NO

X

o(_?c'lt] -{-?,'xl(-{'] - xlj ltt] t ng‘)

Time Invariant? Yes  nNo

X
'X'i(t) _-r-L— =¥ glLﬂ =¥
-2 -1

p AL »'1.) -

Memoryless?  YE§ NO

X
yl-1) = (+)

Invertible? re N

X

v(t) frt<0

15 qnobsery
Causal? YES  NO
p

Stable?

WEA) = H)
lookes wXo M“-‘rb

YES NO

BIBO

> LAY ey

SYSTEM#2: y(t) = z(cos(t))

YES NO

X

ol (376:..'» &3| * ?!3.

A
g L — =0
-3 -2
ve
i ek Sﬂ‘)-o"{'wi
4 E3)

YES NO

v fo 14 B4
s @ wnolgerved

ﬂ(m = x(4)
losjes Tﬁtv F‘d‘“"/

YES NO

21 BO



PROBLEM 4. (20 points)

Shown on the left are impulse responses of eight different LTI filters, labeled A through H. (The impulse
responses are all zero before ¢ = 0 and after ¢ = 1.) Shown on the right are the magnitude responses for
these filters, but in a scrambled order. Match each magnitude response to its corresponding impulse
response by writing a letter (A through H) in each answer box.

|H(jo)]

(Jo)]

H(jo)|

1

| H(jo)|

|H(jo)|

— - 0 .4011 -

e i S e ~

P N —

/
st = o2



Culer = ’)CE‘Q = | + Has(et) + 8005(7:][‘-&)

PROBLEM 5. (20 p¢ints

The signgl z(t) = Z;;Q 2! #lekmt ) fed into the following cascade of three LTI systems:

i ; : . ¢
— hl(t) :&I:I(EW_/E) > H_(jo) = g0ty H3(_?(ﬂ) = jo _’_U( )

The first system has impulse response h,(t) = sin(Wt)/(nt); the second system is a delay-by-
system with frequency response H,(jo) = ¢ 7®%; the third system is a differentiator, with
frequency response H 3(3'&)) = jo. The parameters W and ¢, are unspecified.

(a) Evaluate the integral J z(t)dt = ‘?,O
-10

bo
jc 148 4 SWL{O}\Q‘;}& + Swﬁ’m 'LTQLJC = J (b = 0

0
~1\0 —lo -llo - ?
0

0

(b) Choose the positive parameters W and ¢, so that the overall output will be zero (y( ¢ =k

. % - o]ues n‘\' ‘
in?\ﬂl \s ms’\'u&" ‘ol‘u a, o ?--J- 'JQ&_ o matrer ‘
sl & T Pl e
SlMM-\& ok o .

e 1o N\
D) st el Yo onsd |
(}T Wt repeit v sy, Any leTt’ \ Jos The 4ob.

(¢) Choose the nonzero parameters W and ¢, so that the overall output will be a sinusoid of the form
y(t) = Acos(nt), and also specify the sinusoid amplitude A:

W=y ST | R 0.5 | 4= 41

Chotse W n e o ft\jv.i hjﬁ-)c ol ) ad kEP/p

(ow-frey somusoid.

Uﬁpnd' W\“ ‘QN»— ‘UL (8 ML’QA \}\‘,ms\{ DF %’LL (]M]Vd‘\ie a][ 'H\L ":}”70 SM\.)J”":
g flat)| - -drslriA) > ol

Lk, 5 7
whon £, = 0,5




