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1) Problem 1 (20%):
a) (10%) An LTI system with its impulse response-/(¢) and its input signal @(t) is shown below.

Use the convolution integral to determine and plot its output signal y(¢).

A(2) =(t)
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b) (10%) An LTI system has its impulse response as h(t) = 2sinc?(2t). If z(t) = sinc(¢) is its
input signal, what is its output signal y(¢) and its Fourier transform Y (f), respectively? (Hint:

sinc(t) = %—@)

2) Problem 2 (10%):
A. Determine whether each of the following systems is linear or non-linear, and whether each of the

following systems is time-invariant or time-varying.
a) (3%) y(t) = z2(t) + e~ 15051
b) (3%) y(t) = t?z(2 —t)
B. Determine whether each of the following systems is causal or non-causal.

a) (2%) h(t) = etu_1(t)
b) 2%) y[n] = z[n — 2] + z[n — 1] + z[n] + z[n + 1] + 2[n + 2]

3) Problem 3 (10%):
a) (5%) Calculate sinc(z)*sinc(2z), where ”*” denotes convolution operation.
b) (5%) Find the impulse response of a system with its frequency response as

__ sin(2nf)sin®(67f)
H(f) = e

4) Problem 4 (10%):
Q) (4%) Determine if the signal below is an energy-type or power-type signal.

z(t) =e % t>0.

b) (3%) What is its power (or energy)?
(,) (3%) What is its power spectral density (or energy spectral density)?
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5) Problem 5 (20%):
Use Parseval’s relation and the properties of the Fourier series to solve the following problems.

a) (10%) A periodic signal z(t) is real with a period T = 8. The non-zero Fourier series
coefficients for x:(¢) are specified as

al :a'i]_ :ja
as = a_g = 2.

Express signal z(t) in the form of sinusoidal signals.

b) (10%) Assume a truncated signal is y(t) = II(¢)z(f), where II(t) denotes a rectangular
function. Compute power spectral density (PSD) function Sy(f) of y(t), where z(¢) =
cos(2mfot 4+ 0), and. fp and @ are constants. Hint: §(f) can be derived from a limit as follows

§() = m - (SETDY?

T3oo 1

wf

6) Problem 6 (20%):
Use the properties of Fourier transform to solve the following problems.

a) (10%) We have the following Fourier transform pairs as

(1) = G- X(w),

.

z(t) = e u_1(t) = X(w)=

it a >0,

where u_1(t) is the unit step function and w = 2 f. Find the inverse Fourier transform of
1
(2+ jw)®

b) (10%) Given an LTI system and a signal z(t) = 2e~3*u_;(¢ — 1), determine the impulse

X(w) =

response h(t) of the system, where its input is %m(t) and its output is —3y(t) + e~ *u(t).

You may also need the following Fourier transform pair:

E—L;:c(t) = jwX(w).

7) Problem 7 (10%):
If a periodic signal 2(t) with its period T" is 2:(t) = > po._ p(t —nT'), and a rectangular pulse

: 1, L<t<Z,
p(t) = Lo
0, otherwise.

signal p(t) is

Determine the Fourier transform of z(2).




