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4. Neither calculators nor help sheets are allowed.
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Question 2: [14%, Work-out question]

1. [1%] Let x(t) = cos(πt). What is the corresponding Nyquist frequency? Please use
the unit Hertz for your answer.

2. [4%] If we sample x(t) with sampling period T = 1
2
seconds, we can convert the

continuous-time signal x(t) into a discrete-time signal x[n]. Plot x[n] for the range
of −2 ≤ n ≤ 2. Plot only. There is no need to write down the actual expression.

3. [4%] If we use the impulse-train sampling with sampling period T = 1
2
seconds, we

can convert x(t) into another signal xp(t). Plot the Fourier transform Xp(jω) of
xp(t) for the range of −5.5π ≤ ω ≤ 5.5π. Plot only. There is no need to write down
the actual expression.

4. [5%] The discrete-time signal x[n] can be stored in a computer as an array. Suppose
the hard drive is corrupted and the signal values outside the range |n| ≤ 1 are erased
and set to zero. That is, the new signal y[n] becomes

y[n] =

{
x[n] if |n| ≤ 1

0 otherwise
. (1)

Suppose we pass y[n] through the ideal reconstruction, also known as the band-
limited interpolation. Plot the reconstructed signal y(t) for the range of −2 ≤ t ≤ 2.
Plot only. There is no need to write down the actual expression.

Hint: If you do not know x[n] in the previous question, you can assume that x[n] =
U [n− 1]. You will get 4 points if your answer is correct.

















Question 4: [20%, Work-out question] Consider a discrete-time signal x[n] with the ex-
pression of its Z-transform being X(z) = 1

z+5+6z−1 . Suppose we also know that the
discrete-time Fourier transform of x[n] exists. Answer the following questions.

1. [4%] Find out all the poles of X(z) and draw them in a z-plane.

2. [4%] What is the ROC of the Z-transform X(z)?

3. [4%] What is the value of
∑∞

n=−∞ x[n]. Hint: You may want to find the discrete-time
Fourier transform X(ejω) first.

4. [8%] Find the expression of x[n].









Question 5: [10%, Work-out question] Consider the following differential equation:

d2

dt2
y(t) + 2

d

dt
y(t) + y(t) =

d

dt
x(t) + x(t) (2)

Find out the output y(t) when the input is x(t) = cos(t) + sin(
√
3t). Hint: If you do it

right, there is no need to use partial fraction.









Question 6: [12%, Work-out question] Compute the continuous-time Fourier transform
H(jω) of the following signal. You can use a plot to represent your H(jω). No need to
write-down the actual expression:

h(t) =
sin(πt

4
) sin(πt

2
)

π2t
(3)









Question 7: [15%, Multiple-choice question] Consider two signals h1(t) =
∫ 2t

s=−2t
cos(πs)ds

and h2[n] = max(sin((n2 + 0.5)π), 0)

1. [1%] Is h1(t) periodic?

2. [1%] Is h2[n] periodic?

3. [1%] Is h1(t) even or odd or neither?

4. [1%] Is h2[n] even or odd or neither?

5. [1%] Is h1(t) of finite energy?

6. [1%] Is h2[n] of finite energy?

Suppose the above two signals are also the impulse responses of two LTI systems:
System 1 and System 2, respectively.

1. [1.25%] Is System 1 causal?

2. [1.25%] Is System 2 causal?

3. [1.25%] Is System 1 stable?

4. [1.25%] Is System 2 stable?

5. [1.25%] Is System 1 invertible?

6. [1.25%] Is System 2 invertible?





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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