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Question 1: [16%, Work-out question]
Consider the following periodic signal

x(t) =






t if 0 ≤ t < 3

3 if 3 ≤ t < 4

15− 3t if 4 ≤ t < 5

periodic with period T = 5

(1)

Define y(t) = d
dtx(t).

1. [3%] Plot y(t) for the range of −5 ≤ t ≤ 5.

2. [7%] Denote the CTFS of y(t) by (bk,ωy). Find the b4 value.

Hint: Your answer can be of the following form:

b4 =
1

10

(
e3.5π − 1

0.25π
+

e5π − 1

0.5π

)
(2)

There is no need to further simplify it.

3. [6%] Denote the CTFS of x(t) by (ak,ωx). Find the value of a4.

Hint: If you do not know the answer to Q1.2, you can assume bk = ke−k·(j+1). You
will receive full credit of Q1.3 if your answer is correct.
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3- Using the differentiation property

' i

yin = d×d
bk = jkwoak
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periodic 1=5
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Question 2: [14%, Work-out question] Consider a DT signal x[n]:

x[n] =






n+ j if 0 ≤ n ≤ 3

−2j if 4 ≤ n ≤ 5

0 if 6 ≤ n ≤ 7

periodic with period N = 8

(3)

Denote its DTFS by (ak,
2π
8 ) where ak is the DTFS coefficient.

1. [7%] Find the value of
∑−3

k=−6 ak +
∑9

k=6 ak

2. [7%] Find the value of
∑7

k=0 |ak|2
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Question 3: [16%, Work-out question]
Consider two DT signals x[n] = cos(3π10n) and y[n] = sin(7π5 n). Define z[n] = x[n]·y[n].
Denote the DTFS of x[n] by (ak,

2π
Nx

), denote the DTFS of y[n] by (bk,
2π
Ny

), and denote

the DTFS of z[n] by (ck,
2π
Nz

).

1. [5%] Find the DTFS coefficients ak of x[n].

2. [5%] Find the DTFS coefficients bk of y[n].

3. [6%] Find the values of c1 and c4, respectively.

Hint: If you do not know the answers to Q3.1 and Q3.2, you may assume ak =
sin(0.2πk) and bk = cos(0.2πk). You will receive 5 points for Q3.3 if your answers
are correct (using the given ak and bk values).
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Question 4: [18%, Work-out question] Consider a CT-LTI system with impulse response

h(t) =
√
2e−|t| (4)

We use the signal x(t) =
∑10

k=1 cos(k
2(0.2πt)) as the input to the above LTI system and

denote the corresponding output by y(t). Find the expression of y(t).
Hint 1: If you do not know how to solve this question, you can assume x(t) = cos(3πt)

and use this simpler x(t) to find the output y(t). You will receive 15 points out of
18 points if your answer is correct.

Hint 2: Your answer could be something of the following form:
E.g., y(t) =

∑20
k=3

1
1+jke

k·3·πt−k
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Question 5: [18%, Work-out question]
Consider the following CT signal x(t):

x(t) =
∞∑

k=−∞

δ(t− 4k + 1) (5)

1. [2%] Plot x(t) for the range of −10 ≤ t ≤ 10.

2. [11%] Find the expression of X(jω).

Hint: If you don’t know how to solve Q5.2, you can find the CTFS of x(t) instead.
You will receive 10 points if your answer is correct.

3. [5%] Plot X(jω) for the range of −0.6π < ω < 0.6π.

15
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Question 6: [18%, Work-out question]
Consider the following two CT signals:

x(t) =
sin(2t)

πt
(6)

y(t) =
sin(10t)

πt
(7)

Define z(t) = ((x(t) · sin(5t)) · cos(5t)) ∗ y(t).

1. [18%] Plot Z(jω) for the range of −15 ≤ ω ≤ 15.

Hint: You may want to find X(jω) first and then gradually find Z(jω). You will
receive partial credit if you do it step-by-step.
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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(ejω)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)










