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Problem 1 (15 pts) m
Given the following transfer function of an LTI system Ty YT

—s= 75
§?— 55+ 6 tfvee —ma -

H | = 2
&)= 2 7710 BB - g
(a) (5 pts) Sketch pole-zero plot of H(s). State whether the system is :"’"?;’T ——
BIBO stable or not. Explain. AT
(b) (5 pts) Compute the inverse Laplace transform to find a causal impulse
response function A(t).
(c) (5 pts) Find the steady state output y(t) when the input is z(t) =
12 cos(v/10 t).
, " ~ & 5
o) (_g_(cgj)gj&fz_\. ~ O S é}}
[ IRIE G =1DCS3D:e L 23
S ‘. Lev 6
BT BOU Ldwbg (o€ =
XX (
s R . 3 Pv¥el  are on L-HS.
o RO( cwndems Tom awis
7 e \
- ¢ — — L ¢ RBC 4
€ S+ 8)S42 ) 45785 - 7,
ik i =B L =3 = VAL 2
: = . - 4
$15 (£ ($48)¢ Ser | 56= -5 B~
B \

Atgs - 81y A 3% Ly

-_— ) 3 ,
‘5 o - ,( iy %",, ‘3 -~ E,: §J /T/r'“\_ ) -’35—7 N
oy h ey N F s . : o It e K

he€dz §eed - 8¢,

-~ 2
=
-3t e 2l
gy -297
e {E ) _:ﬂ{ &



\S

Problem 2 (15 pts)

The input-output relationship for an LTI system is given by the following
differential equation

Py@) | ,dy(t) dz(t)
2 1
@z dt
with initial conditions ¢'{0) = y(0) = 0, z(0) = 0.

+ By(t) = +52(t),t > 0

(a) (5 pts) Find the transfer function H (s).
(b) (5 pts) Find the impulse response function A(t).

(¢) (5 pts) Find the output y(t) when the input is z(t) = e=>E~Hy(t — 4).
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Problem 3 (18 pts)
Consider an LTI system with impulse response function

h(t) = e ™Dyt — 2).
When a periodic signal z(t) with period 2 is applied to this system, we get
the following periodic output

y(t) = 1+ cos(mt) + sin(3nxL),

(a) (10 pts) Find the exponential Fourier series coefficients of the input

zlt]:

(b) (8 pts) Sketch magnitude and phase spectra of X..

Hint: Use the following while plotting phase spectrum: tan™(1) = s
tan~!(~1) = I, tan™}(}) ~ &, and tan 1(—3) ~ —Z.
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m 4 (12 pts) Consider the following periodic signal z(t)
{ ¢ z(t) = 2cos(mt/2) — sin(nt/4 T e—
(8) = 2cos(rt/2) — sin(xt/ 1) IE =Y.
(a) (6 pts) Find the exponential Fourier series coefficients of &7 ¢ . 5
T ="' .¢
(b) (6 pts) Find the exponential Fourier series coefficients of _ﬁ,f; ((
y(t) = Z =&
dt L-Ja e f
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] < \Problem 5 (15 pts) Consider the following periodic signals z(t) and y(t)

— x(t)
A
3 1 1 3
My 5Ty —To 3% 5To Ta 5T 20 £
y(t)
A
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(a) (5 pts) Determine the complex exponential Fourier series of z(t), i.e

find the coefficients X, that satisfy

as{f = Z

k=—2c

1

){-k C]mgkt

(b) (5 pts) Determine the trigonometric Fourier series of z(t), i.c., find the
coefficients a;, and by, that satisfy

z(t) = Xo + 2 Z ay cos(kwot) — by sin(kwt)

k=1

(c) (5 pts) Using part (a), determine the complex exponential Fourier series
of (1), i.e., find the coefficients Y}, that satisfy
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‘ \5 Problem 6 (15 pts) Consider the following LTI system with input z(t),
utput z(¢), and impulse response function (IRF) h(t). Systems Si, Sy and
are LTI systems as well with the following characteristics

(1
NG
1. IRF of Sy is hl(t) = an'tu(t).
2. Input-output relation for Sy is w(t) = Ly(t)
3. IRF of S3 is hs(t) = e *u(t).

(Assume all the signals at ¢ = 0 are zero, i.e., all initial conditions are zero).

z(t)

x(t)

(a) (8 pts) Compute the IRF of entire system h(t) and its Laplace transform

Hi(s).
(b) (7 pts) Find the output z(¢) if the following input is applied to the
system:
z(t) = e * cos(8t — 24)u(t — 3) (1)
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