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Review of calculus and arithmetics:

Question 13: [Basic] Consider two functions f(t) and g(t) described as follows.

f(t) =


2 if −1 ≤ t < 0

1 if 0 ≤ t < 3

0 otherwise

(1)

g(t) =


3 + t if −2 ≤ t < 0

3 if 0 ≤ t < 2

0 otherwise

. (2)

Find the value of
∫∞
−∞ g(1− t)f(t)dt.

Question 14: [Basic] Consider a function f(t) such that f(t) = −2 if t ≥ 1 and f(t) = 0
otherwise. Find the expression of

h(ω) =

∫ ∞

−∞
e−at−jbtf(t)e−jωtdt, (3)

where a is a constant that is strictly larger than zero.

Question 15: [Basic] Review of Trigonometry: Suppose −π/2 ≤ α ≤ 0 and π ≤ β ≤ 3π
2
,

and

cos(α) = 0.2

sin(β) = −0.4.

Find the values of cos(α + β) and sin(α− β).

Question 16: [Basic] Review of complex numbers: Let j be the imaginary number, i.e.,
j2 = −1. Suppose

√
3 +

√
3j = ea+bj

e2+
5π
3
j = c+ dj.
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Find the values of a, b, c, and d.

The following questions are about the new materials covered in Week 1.

Question 17: [Basic] Suppose A is a 3 by 3 matrix. Consider a linear system that outputs
y = Ax where x ∈ R3 is the input signal. To be more precise, x is a column vector of
dimensional 3, and y ∈ R3 is the output column vector of dimension 3. Further assume
that we know that

• When x1 = (1, 0, 0)T , the output is y1 = (1, 2, 3)T .

• When x2 = (0, 1, 0)T , the output is y2 = (3,−2, 1)T .

• When x3 = (0, 0, 1)T , the output is y3 = (2,−1,−3)T .

What is the output y = Ax when the input is x = (2, 2, 4)T ? (Hint: Use the linearity of
the system.)

Question 18: [Basic] Textbook p. 59, Problem 1.21. (a)-(d).



Question 19: [Basic] Textbook p. 59, Problem 1.22. (a), (d), (g), (h).

Question 20: [Advanced] In class, we have shown how to construct a new signal y(t) from
an existing signal x(t) by time shift, time reversal and time scaling. Namely, y(t) =
x(t− t0), or y(t) = x(−t), or y(t) = x(αt). These time transformations can be considered
as “systems” as well since it takes x(t) as input and outputs a signal y(t). Show that
these three different time transformation systems are linear.

Question 21: [Basic] Textbook p. 61, Problem 1.25 (a)–(c).


