Problem 1 (7 points) The following three questions are not related to each other.

1. (1.5 points) Consider the following signals: z:(t) = sinc(t), zo(t) = r(t) — 5+ r(-t),
and z5(t) = te~3. Which of these signals are even? which are odd?

2. (2.5 points) Determine whether the system
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where |z(t)| is the magnitude of the input z(t), is
(a) Causal
(b) Time invariant

3. (3 points) You are are told that the four blocks in the following block diagram represent
LTI systems. Determine the expression for the impulse response of the overall system

in terms of the impulse responses of the individual systems.
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Problem 2 (7 points) (a) (4 points) Consider the signal in the following figure, that has pe-

riod T=1. Calculate the Fourier Series coefficients {cy}. i B et
o = o e L‘,

(b) (3 points) As we have discussed, the signal in the previous question also has as period all
integer multiples of T, for instance, T=10 is also a period. What will happen if you calculate
the Fourier Series coefficients, for the signal in part (a), assuming that T=107 Could you
directly tell what these coefficients would be from the coefficients {cx} you calculated in part

(a)?
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Problem 3 (7 points)

2 points) Calculate the Fourier transform of the signal TI(at — b), where II(¢) =

{ 1 [f] 0.5 45 4 function of the parame ers a and b.
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2. (2 points) Let y(t) = (¢t — 2) — 0.5I1(%2) be the derivative of the signal x(t), where

Wi 1 Itl < 0.5 | Calculate the Fourier transform of x(t).
0 else

3. (3 points) Calculate the following integral
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Problem 4 (7 points) Sometimes we work with systems that take as input two signals, say

f(t) and g¢(t) and produce at their output one signal, say y(t). One way of analyzing such

systems is by assuming they take as input a 2 x 1 vector x(¢) that has as elements the signals
f(t) and g(¢); we then apply the definitions for linearity and time invariance on the vector
input ().

Consider a system that takes as input two real signals f(¢) and ¢(t) and calculates as output

their inner product y(t) defined as
W) = (o) = | fog)d

Recall that the time reverse of a signal z(t) is the signal x(—t), and the time shifted version
of z(t) by some constant ¢, is the signal z(t — tp).

(a) If both f(¢) and g(t) are time reversed, what happens to their inner product?

(b) Assume that only one of f(¢) and ¢(t) is time reversed, does the outcome depend on

which one was reversed or no?

(c) If both f(t) and g(t) are shifted by the same amount, what happens to their inner
product?

(d) Assume that you can use as blocks the following systems: a block that takes as input
a signal and time reverses it, a block that takes as input 2 signals z;(¢) and z»(¢) and
outputs the signal y(¢) = z1(¢) * z2(¢) that is their convolution, a block that takes as

input a signal and delays it by a fixed amount ¢, we can select, and a block that takes

as input a signal 2(t) and outputs the constant value [ z(¢)6(¢ — ¢;)dt for a constant

t1 we can select. Can you connect (some of) these blocks to create a system that takes

as input two signals and outputs their inner product value?

(e) Is the system that implements the inner product time invariant? Is it linear?

o ek o darl ey =
@) | frogttrde = | fmgwedn= | Fngadia

oo
”~

I X

SO i R }mﬁr@e /

b Yes

it the ¥
J f('he @V@[geé ‘Pdncf;m\

>t i's  even

_Sff—ﬂg te)dt

oo v
=5, Mogqcpndt = y&)
%,F {_he +;me eversed {wﬂcfr'on ‘s oa[&,

' ) = i
:(;Wt[ E\)Séf;oif, = "Sﬁ ‘f["\:,/{\\‘f —y(f)



(€ ne%ke\») Sz“’t\i\@%‘t # ﬂe) = a6

A
O fu-tygct-e)ae et fc:::*"t

t 2% - At
f")‘sd l“{_ﬁg—’

— i Hngmc{z_ =V o
:y[f) {_ﬁ[\}o cl’lmﬂ
9 Al R SR = g

d) goxfw) = 5%@)3@;«6)&21 Siﬁgzﬂ( (L) 47)
e Hg 0TS 04)d

CEOXty Hc) (i
(3 J ) > _S f(c)ga)dt\/

Yes &() —5*' bm reverse.
3 e
N o ]Con vOlcm‘(on %—B&);(M )_7
Fi J)“JV L
05 W \v/

e )T R 5 A e hoave fwo mFa{ function

JLM(&H,BWC)] kg, 66)189.667] ¢ 79§ Hf)ﬂ () de 1§ Tt(f)glyc)‘

It is not time tnumrlang
<{:Y‘om CC> WwWe kf\Ow \F —\\-[{X O\Y&A&LQX (§ Sl'\ 1[{'@:& b\/ Fl S qmouﬁ"(

%t\c, out P(,Lﬁ c\cesﬂff Cham,aé , /[,'LL) 7[- }f@ffﬂ)‘

Bl s constant OO
v 0



