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Question 1: [20%] No need to write down justifications for this question.

1. [2%] x(t) = (cos(2πt))2

2+sin(3πt)
. Is x(t) periodic?

2. [2%] y(t) = sin(2000πt)
200t

. Is y(t) an odd signal?

3. [3%] Continue from the previous question. Is y(t) of finite power? Is y(t) of finite
energy?

4. [3%] Consider an LTI system with impulse response h(t). If we feed this system
with an input x(t) = ej2010tU(t + 4) + 1

t2+2
, the output is y(t) = ej(2010t−2010)U(t +

3) + 1
(t−1)2+2

. Write down the expression of the impulse response h(t).

5. [3%] Consider a system with the input/output relationship

y(t) =

∫ t2

t2−1

x(s)ds. (1)

Is the system causal? Is the system linear? Is the system time-invariant?

6. [2%] x[n] = ejn. Is x[n] periodic?

7. [2%] x[n] = cos(1.5πn)
n4+1

and X(ejω) is its Fourier transform. Is X(ejω) periodic?

8. [3%] x(t) =
∑∞

k=−∞
1

k4+1
δ(t − 0.3πk) and X(jω) is its Fourier transform. Is x[n]

periodic? Is X(jω) periodic?









Question 2: [10%]
Consider x(t) =

∑∞
k=0 δ(t− 1.5k), and

h(t) =





2t + 1 if −0.5 < t < 0

1− 2t if 0 < t < 0.5

0 otherwise

. (2)

1. [2%] Draw x(t) for the range −2 < t < 4.

2. [2%] Draw h(t) for the range −2 < t < 4.

3. [6%] Draw y(t) = x(t) ∗ h(t) for the range −2 < t < 4.









Question 3: [10%] x(t) = e−3tU(t) and h(t) = e−3tU(t − 1). Find the expression of
y(t) = x(t) ∗ h(t).









Question 4: [15%] Consider the following difference equation:

y[n] = y[n− 1]− 2

9
y[n− 2] + 3x[n]− 5

3
x[n− 1]. (3)

1. [5%] Find the frequency response H(ejω).

2. [5%] When the input is x[n] = δ[n], find out the output y[n]. If you do not know
the answer H(ejω) of the previous question, you can assume that

H(ejω) =

{
1 if |ω| < π

2

0 if π
2
≤ |ω| < π

. (4)

3. [5%] When the input is x[n] = ejn, find out the output y[n]. If you do not know the
answers to the previous questions, you can assume that

H(ejω) =

{
1 if |ω| < π

2

0 if π
2
≤ |ω| < π

. (5)









Question 5: [15%]
Prof. Wang wanted to transmit an AM-SSB signal. To that end, he wrote the following

MATLAB code.

% Initialialization

duration=8;

f_sample=44100;

t=(((0-4)*f_sample+0.5):((duration-4)*f_sample-0.5))/f_sample;

% Read two different .wav files

[x1, f_sample, N]=wavread(’x1’);

x1=x1’;

[x2, f_sample, N]=wavread(’x2’);

x2=x2’;

% Step 1: Make the signals band-limited.

W_M=2000*pi;

h=1/(pi*t).*(sin(W_M*t));

x1_new=ece301conv(x1, h);

x2_new=ece301conv(x2, h);

% Step 2: Multiply x_new with a cosine wave.

x1_h=x1_new.*cos(5000*pi*t);

x2_h=x2_new.*cos(7000*pi*t);

h1=1/(pi*t).*(sin(5000*pi*t));

h2=1/(pi*t).*(sin(7000*pi*t));

% Step 3: Keep one of the side bands

x1_sb=x1_h-ece301conv(x1_h, h1);

x2_sb=x2_h-ece301conv(x2_h, h2);

% Step 4: create the transmitted signal

y=x1_sb+x2_sb;

wavwrite(y’, f_sample, N, ’y.wav’);

1. [2%] Is this system using the upper or the lower side band?

2. [6%] The frequency spectrums of x1 and x2 are described in the following figures.





















Question 7: [15%]

1. [3%] x[n] =
(−1

2

)n U [−n]. Find the corresponding Z-transform X(z) and plot the
corresponding ROC, zeros, and poles.

2. [2%] X(z) = 2z−2 + 10z3 and the corresponding ROC is the entire Z-plane except
for z = 0 and z = ∞. Find the corresponding x[n].

3. [5%] We know that X(z) = 1
(1− 2

3
z−1)(1−4z−1)

and the Fourier transform of the corre-

sponding x[n] exists. Find x[n].

4. [5%] Suppose x[n] = 2nU [−n−1] and h[n] = (0.25)nU [−n−1]. Let y[n] = x[n]∗h[n].
Find the Z-transform Y (z).









Discrete-time Fourier series

x[n] =
∑

k=〈N〉
ake

jk(2π/N)n (1)

ak =
1

N

∑

n=〈N〉
x[n]e−jk(2π/N)n (2)

Continuous-time Fourier series

x(t) =
∞∑

k=−∞
ake

jk(2π/T )t (3)

ak =
1

T

∫

T

x(t)e−jk(2π/T )tdt (4)

Continuous-time Fourier transform

x(t) =
1

2π

∫ ∞

−∞
X(jω)ejωtdω (5)

X(jω) =

∫ ∞

−∞
x(t)e−jωtdt (6)

Discrete-time Fourier transform

x[n] =
1

2π

∫

2π

X(jω)ejωndω (7)

X(ejω) =
∞∑

n=−∞
x[n]e−jωn (8)

Laplace transform

x(t) =
1

2π
eσt

∫ ∞

−∞
X(σ + jω)ejωtdω (9)

X(s) =

∫ ∞

−∞
x(t)e−stdt (10)

Z transform

x[n] = rnF−1(X(rejω)) (11)

X(z) =
∞∑

n=−∞
x[n]z−n (12)
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