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Question 1: [22%, Work-out question]
Consider a continuous time periodic signal x(t) =

∑3
k=2 cos(

kπ
4
t). We know the period

of x(t) is 8.

1. [6%] Denote the CTFS coefficients of x(t) by ak. Find the values of ak for all k.

Consider an LTI system with impulse response being

h(t) =

{
1 if 0 ≤ t ≤ 4

0 otherwise
(1)

Note that the above h(t) is an off-center rectangular waveform.

2. [8%] Find the frequency response H(jω).

3. [8%] When the input is x(t) described in Q1.1, let y(t) denote the corresponding
output of the above LTI system. Let bk denote the corresponding CTFS coefficients
of y(t). Find the values of b2 and b3, respectively.

Hint 1: If there is something like sin(π/2) in your answer, you need to simplify it
by using sin(π/2) = 1. Namely, the following sinusoidal function values

sin(0) = sin(π) = 0; sin(0.5π) = 1; sin(1.5π) = −1 (2)

are needed when simplifying your answer. Similarly, you need to also simplify it
if you see cos(0) = 1, cos(0.5π) = cos(1.5π) = 0, and cos(π) = −1. In the end,
your answer would be something like (j − 1)π

3
that does not have sin, cos and ejω

anymore.

Hint 2: If you do not know the answers to Q1.1 and Q1.2, you can write down your
answer for b2 and b3 as a function of ak and H(jω). You will still receive 4 points if
your answer is correct.
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This sheet is for Question 1.
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This sheet is for Question 1.
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Question 2: [16%, Work-out question] Consider a CT signal

x(t) =
sin(t) sin(2t) sin(8t)

π2t2
(3)

Denote its Fourier transform by X(jω). Plot X(jω) for the range of −12 < ω < 12.
Hint: If you do not know how to solve the above question, you can solve the following

alternative question: We know y(t) = sin(t) sin(2t)
π2t2

, plot its Fourier transform Y (jω). You
will receive 12 points if your answer is correct.
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This sheet is for Question 2.
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This sheet is for Question 2.
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Question 3: [14%, Work-out question] Consider two LTI systems, System 1 and System
2. System 1 has an impulse response

h1(t) = e−tU(t) (4)

and System 2 has an impulse response

h2(t) = e−2tU(t) (5)

Consider an input signal x(t) being

x(t) = e−j3tU(t) (6)

Find the output z(t) when we pass x(t) sequentially through these two systems.
Namely, we pass x(t) through System 1 first and denote the output as y(t). Then we
pass y(t) through System 2 and denote the output by z(t).

Hint 1: It may be easier to convert everything to the frequency domain.
Hint 2: If you do not know how to solve this question, you can solve the following

partial fraction question instead: We know

1

(jω + 2)(jω + 3)
=

a

jω + 2
+

b

jω + 3
. (7)

Find the values of a and b. If your answer is correct, you will receive 9 points.
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Text Box
There is a typo.  x(t) should be e^{-3t} U(t).    Not e^{-3jt} U(t).  The j in the exponent must be removed.  The solution is still good once we fix the typo. 
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This sheet is for Question 3.
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This sheet is for Question 3.
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Question 4: [21%, Work-out question] Consider the following periodic CT signal x(t)

x(t) =
∞∑

k=−∞

δ(t− 2kπ)− δ(t− (2k + 1)π) (8)

1. [4%] Plot x(t) for the range of −2.5π < t < 2.5π.

2. [14%] Find the expression of the Fourier transform X(jω).

Hint 1: This type of computation is termed the generalized CTFT in the lecture.

Hint 2: If you do not know how to find the CTFT of x(t), you should find the CTFS
of x(t) instead. You will receive 9 points out of your Q4.2 if your answer is correct.

Hint 3: The CTFS of x(t) actually helps you find the CTFT of x(t).

3. [3%] Plot X(jω) for the range of −3.5 < ω < 3.5.
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This sheet is for Question 4.
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Question 5: [12%, Work-out question] Consider a discrete time signal x[n]:

x[n] =


n if −1 ≤ n ≤ 1

2−(n−1) if 2 ≤ n

0 otherwise

(9)

Find its Fourier transform X(ejω).
Hint 1: The following formulas may be useful: If |r| < 1, then

∞∑
k=1

ark−1 =
a

1− r
. (10)

K∑
k=1

ark−1 =
a · (1− rK)

1− r
. (11)

Hint 2: Your answer would be something like the following: cos(2ω) + 5ej6ω

3+4ejω
. There

is no need to further simplify it.
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Question 6: [15%, Work-out question] Consider the following AM transmission system.

The input signal is x(t) = sin(2πt)
πt

. We first multiply x(t) by cos(4πt). That is,

y(t) = x(t) · cos(4πt).

The transmitter then transmits signal y(t) through the antenna.
At the receiver side, we first multiply y(t) by 2 cos(4πt). That is z(t) = y(t) ·2 cos(4πt)

and then pass z(t) through a low pass filter with cutoff frequencyW = 7π rad/sec. Denote
the final output by w(t) = z(t) ∗ hLPF(t).

1. [5%] Plot the CTFT Y (jω) of y(t) for the range of −11π < ω < 11π.

2. [5%] Plot the CTFT Z(jω) of z(t) for the range of −11π < ω < 11π.

3. [5%] Plot the CTFT W (jω) of w(t) for the range of −11π < ω < 11π.
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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)
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