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Question 1 (30%)
Determine whether or not each of the following signals is periodic. In case a signal is

periodic, specify its fundamental period.
(a) Discrete-time signal: x(n) = sin(7n) , (10%)
(b) Discrete-time signal: x(n) = sin(szj + cos(%), (10%)
n
cos| —
%)

(c) Discrete-time signal: , (10%)




Answer to Question 1:

(@) TN =21/ = N = lem is always irrational for all m. Therefore x(n) is aperiodic.

27N, _

®) =

27, = N, =3m,. Therefore N, =3.

v,

=27, = N, =10m,. Therefore N, =10.
N =lem(N,,N,) =30.x(n) is periodic with period 30.
TIN .
(©) T =27m = N =20m. Therefore N = 20. However, the absolute value will reduce

the period in half and hence x(n) is periodic with period 10.



Question 2 (45%)
A system is described as follows:
y(n)=3x(2n-1),
where x(n), y(n) are the input and output signals respectively.
(a) Is this system linear? (15%)
(b) Is this system time-variant? (15%)
(c) Is this system BIBO stable? (15%)



Answer to Question 2:

(a) Two input sequences xq(n) and xp(n) are assumed to generate the output sequences
y1(n) =3x1(2n—-1) and yy(n) =3x9(2n—1). For two arbitrary constants a, [, a
linear combination axq(n) + fxo(n) will lead to the output y'(n) such that

y'(n) =3ax1(2n =)+ 3B (2n =1 = ay1(n) + B2 (n).
Thus, this system is linear.
(b) First assume the system is time-invariant. Let’s take a counterexample to verify the

assumption.

Given an input sequence x(n) such that

x(n) - y(n)=3x(2n-1)= { -+,3x(—1),3x(1),3x(3),--- } .

1

Another input sequence is formed by the time-delayed version of x(n) such that

x'(n)=x(n=1)= { -+, x(=2), x(=1),x(0),x(1),-- } and
t

x'(n) » y'(n)=3x'2n-1) = { ..,3x(=2), 3x(0),3x(2),--} .
1

Since y'(n) # y(n —1), the assumption doesn’t exist and hence the system is time-
variant.
(c) Given the bounded input sequence x(n) such that |x(n)| <M,, Un,the
corresponding output sequence will be y(r) such that
|y(n)| = 3|x(2n - 1)| <3M,, Un.

Hence the system is BIBO stable.



Question 3 (25%)

Two finite-duration sequences are given as follows:

x(n) = {— 1, 1,0,1}
t
h(n) = {’I,O,’I}
t

Determine the discrete-time convolution, y(n) = x(n) U h(n).



Answer to Question 3:

We need to calculate y(n), —-1<n<4.

y(n) = % x(n—m)h(m) = {— 1, 1,—1,2,0,1}.
m=0 T



