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1. (30%) Consider the following 4 systems, where x(#} denotes the input and y(t) the output.

(i) modulation, y(1} = x(t) cos(100 7z ¢),  (ii) convolution, ¥(t)= J: B x(r)e " dr

(111) time scaling, WE)=x(2%), {(iv) averager, y(f)= 2—11" .[ir x(t)dr .

(a) (4%) Which systems are linear?

(b) (4%) Which systems are causal?

(c) (4%) Which systems are time-invariant?

(d) (8%) For the system in (iii), suppose the input is a rectangular pulse, x(t=ut)-u(-27), where
(1 is a unit-step function. Find and plot the output () and its Fourier transform ¥{2.

(&) (10%) Redo (d) for the system in (iv).

2. (20%) Write down and Prove the Parseval’s relation for
(a) continuous-time Fourier series expansion, and
(b) continuous-time Fourier transform,
respectively.

3. (25%) Consider the conversion of a continuous-time signal to a discrete-time sequence.
(a) (10%) Draw a block diagram to explain the sampling theorem.
(b) (15%) Suppose a continuous-time signal x(¢) =6cos8x¢ is sampled at 10Hz. The
sampling time is T=1/10 second. Denote the impulse-sampled signal as

x,(f) = Z x(nT)o(t —nT), where J (ﬁ is an impulse function. Denote the

fran)
discrete-time sampled sequence as  x/n] = x()|=nr
Find and plot
(i) the continuous-time Fourier transform of x(2),
(i) the continuous-time Fourier transform of the sampled signal x,(7),
(iii) the discrete-time Fourier transform of the sampled sequence x/7].

4, (25%) Consider a system described by % y(t)+av(t) = -g-t-x(t) +bx(t), where x(1)

denotes the input and y(?) the output.
(a) (2%) Find its transfer function.
(b} (2%) Sketch its pole/zero plot.
(c) (2%) Is it causal and stable? Under what conditions?
(d) (3%) Does it have a causal and stable inverse system? If yes, find it otherwise,
explain,
(&) (3%) Find its impulse response.
(f) (3%) Find its step response.
() (10%) Find the output for the following inputs
O == u),

(i) x(t)=cosBt,~0 <t <o,
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