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Problem 1 (7 points) The following three questions are not relate

‘ — e JNorri¥
1. (1.5 points) Consider the following signals: x,(t) = b‘lIlC.(t), To(t) "; r(t) — 5 + r(~t). *fr./iJ
and 3(t) = te=31l, Which of these signals are even? which are odd
- €Vens$ x, (¥), 7‘
2 2. (2.5 points) Determine whether the system

z(t—5) if )| < B |
' y(t) = { ﬁx(t? ot}lifegxzr‘ise ’

where |z(t)| is the magnitude of the input z(t), is

(a) Causal

(b) Time Invariant

3. (3 Points) You are are to
LTT systems.

ha(t) B ha(t)
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Problem 2 (7 points) (a) (4 points) Consider the signal in the following figure
riod T=1. Calculate the Fourier Series coefficients {cx}.

M = ,"‘: / )
AT ey
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: s as period all
(b) (3 points) As we have discussed, the signal in the Prewouﬁ; q;les;;o;a;ﬁznh;syouialculate
integer multiples of T, for instance, T=10 is also a period. W : ovror that T=107 Could you
the Fourier Series coefficients, for the signal in part (a), ab:% umu{z } you calculated in par
directly tell what these coefficients would be from the coefficients {ck
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Problem 3 (7 points)

L. (2 points) Calculate the Fourier transform of the signal II(at — b), where II(t) =

L Jt| <05 as a function of the parameters a and b.
0 else

o

- (2 points) Let y(t) = TI(¢ — 2) — 0.5I1(%52) be the derivative of the signal x(t), where

I1(t) = { (1) ng: 05 Calculate the Fourier transform of x(t).

3. (3 points) Calculate the following integral

y(t) =/ sin 187 sin 47 Gillr g
—00

7—2

0"“"77('%(*-r>/

< Er ; (18)¢1). ¢ ol 7 X (w) Yo (w)
Y€ )- U%)(‘f)l E;A‘CQ%QN:SM(“Z) c', ‘/L . A(v)- -/5‘7/;:,('(78’/0\:) :S\in;( ‘7;)
( ) , R AA)- x,;{) * X (¢
Nt T ) ) 4 e )x L)
0 iny v A G o

080(4) 27, L j—wcﬂ&cumc(ﬁ)c A2 - V)m)(Ls ). x( 1)),

P s
N
~3

A=
-






é//;

Problem 4 (7 points
o 4 (7 points) Sometimes we work with systems that take as input two signals, say
an
t 9(t) and produce at their output one signal, say y(t). One way of analyzing such
svste
s 1s by assuming they take as nput a 2 x 1 vector z(t) that has as elements the signals

f (t) and g9(t): we then apply the definitions for linearity and time invariance on the vector
Input x(t).

Consider a system that takes as input two real signals f(¢) and g(t) and calculates as output
their inner product ; y(t) defined as

~(r9)= [ " f()lt) de

Recall that the time reverse of a signal z(t) is the signal z(—t), and the time shifted version

of x(t) by some constant #q is the signal z(t — ¢o).
(a) If both f(t) 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? ~ o' %)
(oA :

(c) If both f(t) and g(t) are shifted by the same “amount, what happens to their inner ‘:m
product7 7‘("(‘) F ‘-{) Xl_;.__ﬂ:. 13*]%\ ﬂD’!’ /-(\;{9 :("'{z-}-/ \{ g({‘i
]
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(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 x»(¢) and
outputs the signal y(t) = z;(t) * x5(t) 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 x(¢) and outputs the constant value fo? x(t)o(t — t;)dt for a constant
t; we can select. Can you connect (some of) these blocks to create a system that, takes

, Foss e fin o : 28 l 9 A1) X N _[X/’{)(‘(/

as input two signals and outputs their inner product value - 4

WA

(e) Is the system that implements the inner product time invariant? Is It tmear?

(a) Yi4): (f,))a.['f(-f)m-%)o/{ =//f(f)7(r) - 42 /f/r)jm/ /f’(w 2
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y(t) = Z ([ke.)kwot dk S / y(t)e‘kaot dt
k= Tz
=—00
P . T o — = =
_— L0 L Signal k'™ Fourier coefficient
z(t) Ck
. 1 y(t) dj.
Linearity ax(t) + By(t) ock + By
Time-Shift; ' o — jkwot -
ng | t(t—to) B ey
Conjugation z*(t) c*
. —-—g_ T — -kh‘
Time-Reversal x(—t) 6
. . ), o -
Tnne-Scalmg wat), o> 0 Ch
Period : L
S . + (X . _
C011Jugate-Symn1etry x(t) is real Ck=¢c*,
, X(t) is real : 'k is real ;
Even-Odd Signals (t) . real and even Ck 18 real and even
Z(t) is real and odd Ck 18 purely imaginary and odd

P

arsevals Relation for Periodijc Signals: % [ |z(t)
T

2 Fourier Transform Formulas

Fourier transform formulas (using w):

Synthesis equation (Inverse Fourier Transform): z(¢)

Analysis equation (Fourier Transform): X (w)
Fourier transform formulas (using f):

Synthesis equation (Inverse Fourier Transform): z(t)

Analysis equation (Fourier Transform): X(f)
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PI‘Operty B o S; =
Licearite L ignal L Fourier Transform
[ ; : - 1 ax(t) + /3.'/(t) (YXl (w) -+ [31‘(2 (w)
Conjugate Symmetr ; —
Cosbonnt : Y | z(t) is real X*(w) = X(~w)
a i : ;
> 59L€ anti-symmetry z(t) is purely Imaginary X*(w) = -X(~w)
ven and real signal P R —
Odd and real s; T — Im{X(w)}f .
—_— e.a Signal - (—t) = —z(2) N Re{X(w)} =0
Time shifting 3 z(t — tp) X (w)e—Iwto .
Frequency shifting ] z(t)elwot 1 X (w — wo)
| Modulation Property z(t) cos(wot) - | 3 [ X (w—wp) + X (w + wp)]
Tune'e and frequency scaling | i z(at) ] ﬁ X (%)
- Differentiation in time | F’it%[:c(t)] | (Jw)" X (w) B
Convolution B T1(t) * zo(t) | Xi(w)Xa(w) 3
___Multiplication z1(t)zo(¢) _ mXiw) * Xo(w)
6.0 o0
Parseval’s theorem: [ |z(t)|2dt = = [ | X (w)|?dw
—00 —00
4 Fourier Transform pairs
(L) A(7)
1 1
—T /2 /2 =T r
We define, sinc(z) := sm;x)
| B Name JSignaT Fourier Transform
Rectangular pulse r(t) =AIl(t/7) | X(w)= At sinc( %)
Triangular pulse x(t) = A A(t/7) | X(w) = AT sinc*(¥4F)
| Right-sided exponential | z(t) = e™%u(t) X(w) = - +ij
Two-sided exponential z(t) = el X(w) = ;_ri‘—‘;g
Unit impulse z(t) = 4(t) | X(w)=1
S -1
Sinc function x(t) = sinc(t) X(w) = I(5%)
Constant-amplitude signal | z(¢) =1, all ¢ X(w) = 2md(w)
Unit-step function r(t) = u(t) X(w) = mo(w) +J%




